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1. INTRODUCTION 

 

The relative survival from colorectal cancer has improved with 

time in Western Europe and the United States, although differ-

ences persist between the countries (1,2). In the period 1985-

1989, the 5-year relative survival from colonic cancer was 47% in 

Europe and 60% in the United States, and for rectal cancer, it was 

43% in Europe and 57% in the United States (3). 

The outcome of an illness, including cancer, depends on the biol-

ogy of the illness, the accuracy and utility of diagnostic tests, the 

effectiveness of treatment, the patient and structural factors (4). 

For colorectal cancer, the most important factors for improved 

outcome are earlier diagnosis and better treatment (2). The geo-

graphical differences in survival from colorectal cancer are likely 

due to variations in patient factors like socioeconomic deprivation 

(5,6), use of screening and early-detection methods, and the 

effectiveness of treatment.  

Survival from colorectal cancer differs even in the Nordic coun-

tries, with the lowest survival figures in Denmark, even if the 

populations enjoy free access to health care services and are 

fairly homogenous, also socioeconomically. The inferior survival 

from colorectal cancer in Denmark was reported more than a 

decade ago: the age-adjusted 5-year relative survival rates from 

colon cancer diagnosed in the period 1978-1992 were as follows 

for men and women, respectively: Finland 46%/47%, Norway 

46%/49% and Denmark 37%/41% (7). Mortality in the first year 

after diagnosis has been shown to be particularly excessive in 

Denmark (7,8). Like for colorectal cancer, survival rates for many 
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other cancer sites are also lower in Denmark than in other West-

ern and Nordic countries (1,7,9,10).  

 

This thesis reports survival from colorectal cancer over the past 

decades among Danish patients and explores different aspects of 

the inferior short-term and long-term survival. The first chapters 

describe ‘Characteristics’ and ‘Management of colorectal cancer 

patients in Denmark over the past decades’. These chapters are 

followed by a chapter on ‘Methods and methodological consid-

erations’. Anticipations, limitations and issues that may influence 

the author’s analyses are emphasized continuously throughout in 

the chapters preceding the ‘Results and discussion’. 

 

2. CHARACTERISTICS OF COLORECTAL CANCER IN DENMARK 

 

2.1. DEFINITION 

Cancer of the colon (colonic cancer) and of the rectum (rectal 

cancer) is collectively referred to as a single disease called colo-

rectal cancer. The tumour is located in the colon in about two 

thirds of patients and in the rectum in the remaining third of 

patients. Since the 1990s, the rectum has been defined as the 

part of the bowel within 15 cm from the anal verge. 

More than 95% of colorectal cancers are adenocarcinomas that 

arise from the glandular epithelium of the colon or rectum. The 

remaining 5% of colorectal tumours are carcinoid, malignant 

melanoma, sarcoma, lymphoma, or squamous cell carcinoma. In 

this thesis ‘colorectal cancer’ means adenocarcinomas only. 

Issues with potential impact on the analyses: Until the early-mid 

1990s, tumours situated in the rectosigmoid junction were classi-

fied as rectal cancer. A change in the classification causing the 

proportion of colonic cancer to rise and the proportion of rectal 

cancer to decrease should be considered when present-day out-

come data are compared. In the period before the classification 

was changed, the long-term survival from colonic cancer was 

superior to that from rectal cancer; thus, the change meant that 

some patients with an “inferior” prognosis were transferred to a 

group with a better prognosis.   

 

2.2. INCIDENCE AND AGE 

In Denmark like in many Western populations, colorectal cancer is 

the third most common form of cancer among men and the sec-

ond among women. The annual number of new colorectal cancer 

patients has increased from 3,215 in 1991 (11) to 4,258 in 2009 

(12). The life-time risk, i.e., the cumulative incidence, for a Dane 

to develop colorectal cancer is 5% (13). The age-standardized 

incidence rates in 2009 are shown in Table 1. Since 2000, the 

incidence of rectal cancer has risen by 12% for men and by 10% 

for women. A similar rise in incidence has been seen for colonic 

cancer (men 9%; women 11%) (12). 

 

Table 1  

 

Danish age-standardized incidence rates of colorectal cancer, (No. of 

patients / 100,000 in 2009) (12) 

 

Tumour site Men Women 

Colonic cancer 53 44 

Rectal cancer 33 17 

 

 

 

The incidence of these cancers rises with age. In Denmark, the 

median age of patients with colonic cancer is 72 years and with 

rectal cancer 68 years (14). The proportion of elderly patients 

aged >75 years rose from 37% in the period 1977-1982 to 42% in 

the period 1995-1999 (III). 

 

2.3. SYMPTOMS AND PRESENTATION 

The most frequent initial symptoms reported by colonic cancer 

patients are vague symptoms like tiredness because of anaemia, 

weight loss, nausea, decreased appetite, while some also report 

change in bowel habits and abdominal pain (15). Rectal cancer 

patients report rectal bleeding and change in bowel habits as 

their most frequent symptoms (15). None of the symptoms are 

predictive of colorectal cancer and they all are ill-defined except 

rectal bleeding.  

The majority of colorectal cancer patients present with symptoms 

making elective evaluation possible. However, about 14% of 

colorectal cancer patients, mainly those with colonic cancer, 

present as surgical emergencies because of bowel obstruction, 

perforation or severe bleeding. The rate of patients who had 

emergency surgery fell from 16% in 2001-2004 (16) to 12% in 

2008 (17) as further discussed in Section 3.2.1.2. 

 

2.4. STAGE 

The staging system for colorectal cancer developed by Cuthbert 

Dukes in 1930 and later revised by him and others (18) is being 

been used worldwide. Dukes’ staging is based only on the patho-

logic examination of the tumour, i.e., the depth of tumour infiltra-

tion into the bowel and any spread to regional lymph nodes. 

Locally excised tumours cannot be staged, and staging of patients 

with distant metastases is not possible based on the original 

Dukes’ staging system.  

The TNM (Tumour, Node, Metastasis) (19) system has been de-

veloped to provide uniformity for staging of all types of cancer. 

For colorectal cancer, the T-stage indicates the depth of tumour 

infiltration into the bowel wall, the N-stage the extent of tumour-

involved regional lymph nodes and the M-stage the presence of 

distant metastases or persistence of residual tumour after treat-

ment. The TNM system allows staging of all tumours because it 

allows the use of the extension ‘x’ for an unexamined stage. The 

TNM staging of a tumour may change following for example 

preoperative neo-adjuvant treatment which can be classified by 

the prefix ‘y’ (20). During 2003, surgeons started to report the 

TNM classification of all colorectal cancers as a part of their re-

porting to the Danish Colorectal Cancer Group (DCCG) database. 

As from 2004, physicians have been requested to classify each 

new cancer disease according to the TNM system upon reporting 

to the hospital discharge registries. The correlation between 

Dukes’, the TNM and the Union for International Cancer Control 

(UICC) staging systems is shown in Table 2. 

 

Table 2  

 

Staging systems 

 

Dukes TNM UICC 

A T1-2N0M0 I 

B T3-4N0M0 II 

C Tany N1-2 M0 III 

”D” Tany Nany M1 IV 
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A minimal temporal shift in stage distribution has occurred in 

Denmark over the past 30 years: Despite refinements of diagnos-

tics, see Section 3.1., the proportion of patients with metastatic 

disease at the time of diagnosis fell gradually from 22% in the 

period 1977-1982 to 18% in the period 1995-1999 (I) after which 

this proportion of patients has remained constant at 18% (16). In 

contrast, the proportion of patients with spread to regional lymph 

nodes, stage III, has been almost stable during the past 30 years 

despite the increasing awareness of the clinical impact of detec-

tion of positive nodes: such patients have been offered adjuvant 

chemotherapy since 1997. Adequate N-staging is dependent on 

lymph node harvest. Since 2004, the DCCG has recommended 

that at least 12 lymph nodes should be examined in at least 75% 

of patients after curative resection to ensure proper N-staging 

(21). The proportion of patients with stage III was 28% in 1977-

1982 (I), increased to 31% in 1995-1999 (I) and stabilized at 29% 

in 2001 (17) and 28% in 2008 (17). Similarly, the proportion of 

patients with early cancer, stage I, has been about 10% and with 

stage II about 35% since 2001 (17).  

 

Issues with potential impact on the analyses: The definition of the 

TNM system has been changed several times which makes com-

parison of stage and outcome over time troublesome. Even the 

definition of spread to lymph nodes has changed over time. Cor-

rect N-staging and M-staging require a proper search for metas-

tatic disease. Search procedures and practices vary considerably 

among hospitals. Diagnostics have improved over time, see Sec-

tion 3.1. The possibilities for diagnosing more patients with me-

tastatic disease, i.e., stage migration, have therefore improved 

(22). The description of stage in this thesis will therefore rest 

exclusively on the absence (stage I and II) or the presence of 

tumour-involved regional lymph nodes (stage III) and the pres-

ence of distant metastases (stage IV). 

3. MANAGEMENT OF COLORECTAL CANCER IN DENMARK DUR-

ING THE 1990S–2000S 

 

Denmark had no national guidelines for management of colorec-

tal cancer until 1998 when the Danish Society of Surgery pub-

lished ‘National guidelines for diagnosis and treatment of colorec-

tal cancer’ aiming to standardize management of colorectal 

cancer at all Danish hospitals (23). These guidelines have been 

updated regularly by the DCCG (24-26). The management of 

colonic and rectal cancer during the past decades is summarized 

in flow charts, Figures 1 and 2. 

 

3.1. DIAGNOSIS AND PREOPERATIVE STAGING 

Denmark still has no national screening programme for colorectal 

cancer. Thus, almost all Danes with colorectal cancer present with 

symptoms. A screening programme with faecal-occult-blood tests 

(Hemoccult-II) was undertaken in Funen in 1985-1995 as part of a 

randomized trial (27). To evaluate the anticipated effect of a 

planned national screening programme before its implementa-

tion, a feasibility study was performed in the counties of Copen-

hagen and Vejle during August 2005 to December 2006 (28). The 

participation rate was 67% in the Funen study, but only 48% in 

the recent feasibility study. Both studies demonstrated the bene-

fit of screening as evidenced by a significantly reduced mortality 

rate from colorectal cancer (27) and the detection of colorectal 

cancer at an earlier stage (28). The third National Cancer Plan 

from November 2010 recommends a national screening pro-

gramme, but financing of the screening is not in the Budget until 

2014. 

The diagnostic practices have changed gradually during the 1990s 

from double-barium enema and rigid proctoscopy to colonoscopy 

 

Figure 1  

Flow chart on diagnostics and treatment of colonic cancer in Denmark, 1990s-2010 
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and sigmoidoscopy. In 2001, the National Board of Health pub-

lished a Health Technology Assessment recommending a new 

diagnostic strategy with sigmoidoscopy as the initial investigation 

in patients above 40 years suspected of colorectal cancer and 

only colonoscopy in selected cases (29). The national guidelines 

from 2002 recommended this strategy for the vast majority of 

patients with defined symptoms suggestive of colorectal cancer 

(24). However, a PhD study showed that 55% of patients under-

went both sigmoidoscopy and colonoscopy (30). In 2009, a Health 

Technology Assessment recommended colonoscopy as the initial 

investigation in order to reduce the number of double investiga-

tions (31). The diagnostic strategy was accordingly revised in the 

national guidelines of 2009 with revision in 2010. It now recom-

mends (i) colonoscopy or sigmoidoscopy in patients with change 

in bowel habits >4 weeks and (ii) colonoscopy in patients with 

either occult bleeding or rectal bleeding combined with change in 

bowel habits (26). Gradually, during the 2000s, some patients 

were being diagnosed by means of computed tomography (CT) 

colonoscopy.  

Preoperative or postoperative staging by use of chest X-ray and 

ultrasonic liver scan has gradually being replaced by preoperative 

CT of the thorax and abdomen, partly as a consequence of major 

advances in non-invasive diagnostic technology. These new tech-

niques may have contributed to some stage migration (22). 

Preoperative local staging of rectal cancer using magnetic reso-

nance imaging (MRI) of the pelvis was introduced in 1990s and 

has since about 2001 been implemented on a nationwide basis 

after which treatment plans of rectal cancer patients have been 

developed by a multidisciplinary team (MDT). A MDT may consist 

of radiologists, surgeons, pathologists, oncologists and nurses 

(case manager). The establishment of MDT has improved the 

organisation of treatment of rectal cancer. 

 

3.1.1. Diagnostic delay  

The clinical pathway, i.e., the pathway from first symptom until 

treatment, of colorectal cancer includes the time span for pa-

tients to react on symptoms and contact the general practitioner, 

the time span for the general practitioner to interpret the pa-

tient’s symptoms as potential cancer symptoms and to refer the 

patient to relevant investigations, and the time span for the hos-

pital to make investigations confirming or rejecting the diagnosis 

and to perform preoperative staging and initiate treatment. The 

diagnostic pathway can be categorized into (a) patient delay, (b) 

delay in primary health care, and (c) delay in secondary health 

care or hospital delay, Figure 3. The sum of delay in primary 

health care and hospital delay is termed ‘provider delay’ and the 

sum of all delays ‘total therapeutic delay’.  

During the 1990s, the public became increasingly unsatisfied with 

the waiting time for surgery and in 2001, the Government issued 

a 2-week waiting time guarantee from diagnosis to treatment.  In 

2005, the second National Cancer Plan recommended pre-

planned, well-structured clinical pathways without unnecessary 

waiting times for investigations and procedures, i.e., fast-track 

cancer packages, although they did not become a nationwide 

reality until 2008. In 2007, the Government stated that cancer 

should be addressed as an acute condition and patients suspi-

cious of cancer should be investigated within 2 working days. 

Thus, focus has been on reducing the time span for the hospital to 

confirm or reject the diagnosis and to initiate treatment.    

 

 

Figure 2  

Flow chart on diagnostics and treatment of rectal cancer in Denmark, 1990s–2010 
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Anticipations that may influence the analyses: Referral guidelines 

for suspected colorectal cancer during the 2000s and waiting time 

guarantee, including fast-track cancer packages, since late 2000s 

have been instrumental in reducing hospital delay, and time from 

referral to surgery has decreased by 37% as reported by the DCCG 

(17).  

 

 

3.2. TREATMENT WITH CURATIVE INTENT 

The mainstay of treatment for colorectal cancer is surgical resec-

tion of the tumour-involved bowel segment and its regional 

lymph nodes. No other treatments have shown to be more effi-

cient with respect to the cure of colorectal cancer. An important 

parameter of treatment success is the radical resection rate, i.e., 

the rate at which tumour control is achieved, including macro- 

and microscopic free resection margins and no distant metasta-

ses. Radical surgery was obtained among 23-48% of patients in 

the period 1977-1982 according to data from the Danish Cancer 

Registry (III). The DCCG has been reporting the radical resection 

rate since 2001. The rate rose from 69% in 2001 to 78% in 2008 

(17). In other words, although more patients received treatment 

with curative intention, every fifth to every fourth patient were 

not cured for their colorectal cancer in the late 2000s.  

 

Anticipations that may influence the analyses: Several factors, 

non-surgical but with much importance for surgery, have contrib-

uted to improve the short-term outcome of treatment for colo-

rectal cancer over the past decades. These factors include ad-

vances in anaesthesiologic monitoring and treatment, among 

others the introduction of less cardio-pulmonary-depressive 

analgetics, and even before that time, the introduction of pe-

rioperative antibiotics and thromboprophylaxis. The beneficial 

multimodal rehabilitation was not implemented until the late 

2000s (33). 

 

3.2.1. Surgical treatment of colonic cancer  

3.2.1.1. Elective surgery 

Standard surgery involves segmental bowel resection with central 

ligation of supplying arteries, draining veins and lymph vessels, 

wide mesenteric resection and creation of an anastomosis as 

described more than 100 years ago (23). Worldwide, elective 

surgical treatment of colonic cancer has undergone no dramatic 

changes over the past century.  

 

Anticipations that may influence the analyses: Some surgical 

refinement has taken place: (i) Resection of adherent adjacent 

organs to avoid tumour perforation during dissection has had 

significant prognostic impact (34,35). (ii) The laparoscopic ap-

proach was gradually implemented during the 2000s. Randomised 

trials suggest some improvements in short-term outcome (36) 

with no negative effect on the oncological outcome (37) from the 

shift from open to laparoscopic surgery. In 2005, 6% of Danish 

colorectal cancer patients underwent a complete laparoscopic 

procedure (16) and this proportion had risen to 31% in 2008 (17). 

(iii) Recently, focus has shifted to mesenteric resection. Hohen-

berger has suggested a novel, potentially promising approach that 

consists of careful and extensive mesenteric resection along the 

embryological planes with true central ligation of the supplying 

arteries, draining veins and lymphatic drainage: complete meso-

colic excision (CME) with intact visceral fascia coverage of tumour 

and mecolon (38). Its prognostic impact awaits further investiga-

tion. Thus, the surgical technique of colonic cancer is neither 

clearly defined, nor does it rest on solid evidence. 

 

3.2.1.2. Emergency surgery  

The management of patients who present as surgical emergen-

cies because of bowel obstruction, perforation, or severe bleed-

ing is a major surgical challenge. Bowel obstruction is the most 

frequent condition. Right-sided obstruction has generally been 

treated with segmental resection and anastomosis. Left-sided 

obstruction and perforation have previously been managed with 

segmental resection and colostomy a. m. Hartmann or a diverting 

stoma only. The strategy later changed to segmental resection 

and intraoperative colonic lavage and primary anastomosis with 

or without a temporary loop-ileostomy, i.e., two- or three-stage 

resection. Another approach is colectomy with or without pri-

mary ileo-rectal anastomosis. Some patients with left-sided ob-

struction are treated with segmental resection and primary anas-

tomosis. None of the surgical strategies mentioned above have 

proven their superiority (39). 

 
 

Figure 3  

Categorization of delay (modification of (32)) 
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Issues with potential impact on the analyses: Emergency surgery 

for colorectal cancer has never been defined precisely in Den-

mark. In England, ‘emergency surgery’ means surgery carried out 

within two hours of admission or in conjunction with resuscita-

tion, whereas ‘urgent surgery’ means surgery carried out within 

24 hours of admission. In Denmark, the great majority of emer-

gency surgeries are therefore urgent surgeries according to the 

English definition. Furthermore, it cannot be ruled out that some 

patients admitted acutely and having undergone surgery during 

that hospital stay may have been falsely classified as patients 

undergoing emergency surgery. In Denmark, the rate of patients 

undergoing emergency surgery fell from 16% in 2001-2004 to 

12% in 2008 (see Section 2.3.), simultaneously with an increase in 

the use of self-expanding metallic stents in patients with acute 

bowel obstruction, Section 3.2.1.3. The population of patients 

who have had emergency surgery has therefore changed during 

the past decade which has seen a relative rise in the proportion of 

patients undergoing surgery due to perforation. 

 

3.2.1.3. Self-expanding metallic stents as bridge to surgery 

Self-expanding metallic stent (SEMS) insertion for relieving acute 

bowel obstruction and later surgery in an elective setting, i.e., the 

use of SEMS as bridge to surgery, was first described by Tejero in 

1994 (40). Since the early 2000s, left-sided obstruction has in-

creasingly been relieved with SEMS at selected Danish hospitals. 

The SEMS approach allows conversion of emergency surgery into 

elective surgery in the majority of patients. It thus introduces a 

time window that allows optimal preparation of the patients for 

surgery, proper preoperative staging and in selected cases neo-

adjuvant radio-chemo-therapy. The SEMS modality was adopted 

rather quickly in Denmark, probably because of the growing 

number of studies reporting a poor prognosis after emergency 

colorectal surgery. Another reason for the quick introduction of 

the SEMS modality is that Danish surgeons by tradition have done 

most of the endoscopic gastrointestinal procedures and thus have 

much endoscopic experience. No randomized trials on SEMS 

versus emergency surgery have yet been completed, and the 

evidence level for this approach therefore remains low. 

 

Anticipations that may influence the analyses: The SEMS modality 

is expected to improve at least the short-term outcome in pa-

tients with acute bowel obstruction if technical and clinical suc-

cess can be achieved. 

 

3.2.2. Surgical treatment of rectal cancer 

In the early 1990s, rectal cancer patients underwent 

blunt/conventional rectal resection which was accompanied by 

the creation of an anastomosis, a Hartmann’s procedure, or ab-

dominoperineal excision (APE). The local recurrence rate was 

high. In 1982, Bill Heald introduced his refined total mesorectal 

excision (TME) technique in which dissection is performed along 

the embryological planes. This approach leaves fascia recti pro-

pria intact on the specimen, which is associated with a lower 

recurrence rate (41). Some surgeons practised rectal resection in 

a TME-like fashion in the early 1990s, but the method was not 

systematically implemented in Denmark until in 1996 following a 

training course and subsequent supervision by certified TME 

surgeons. For patients with a high rectal tumour (11-15 cm from 

the anal verge), partial mesorectal excision (PME) with resection 

of the mesorectum 5 cm below the tumour has been a surgical 

possibility. TME/PME has been the standard technique for rectal 

resection since the late 1990s.  

Since the early 2000s, much attention has centred on the poor 

prognosis in low rectal cancer. The extended posterior perineal 

approach in APE a.m. T. Holm (referred to as extralevaroty APE) 

with its wide pelvic floor excision continuing along the outer 

surfaces of the levator muscles (42) was gradually implemented, 

starting in 2006, at a single hospital (43), and afterwards, since 

2008, more hospitals have followed suit under the supervision of 

certified surgeons. 

A few early-stage rectal cancers have been managed by local 

excision only. 

Since the early/mid 2000s, treatment options in rectal cancer 

patients have been evaluated preoperatively and have been the 

joint responsibility of MDTs at a growing number of hospitals.  

 

Anticipations that may influence the analyses: The long-term 

outcome of rectal cancer is expected to have improved since the 

late 1990s because the entire organisation of rectal cancer ther-

apy has been optimized after the implementation of TME surgery. 

Focus has mainly been on optimizing treatment in rectal cancer 

and not in colonic cancer. However, TME surgery has never been 

evaluated and compared with conventional rectal resection in a 

randomized design. The effect of TME alone therefore remains 

unknown. 

 

3.2.3. Neo-adjuvant radio(chemo)therapy 

Rectal cancer patients with tumour-involved resection margins 

have been offered postoperative radiotherapy for several years 

(23). Patients with fixed tumours have been offered preoperative 

radiotherapy followed by surgery 4 weeks later since 1998 (23).  

The recommendations for radiotherapy in patients with re-

sectable tumours, however, have changed greatly during recent 

decades. In 1979-1985, a Danish randomized study (CRES) evalu-

ated the effect of postoperative radiotherapy (50 Gy/25 fractions) 

in rectal cancer patients, (Dukes B and C) and found no survival 

benefit from postoperative radiotherapy (44), but severe long-

term complications (45). In 1997, the Swedish Rectal Cancer Trial 

reported a significant reduction in the local recurrence rate after 

preoperative short-course radiotherapy (5 x 5 Gy) (46,47). In 

2001, the Dutch study, in which TME surgery was implemented in 

the beginning of the study period, confirmed the beneficial effect 

of preoperative radiotherapy on local control (48). Preoperative 

short-course radiotherapy of resectable T3-4 rectal cancer located 

within 10 cm from the anal verge, followed by surgery within 1 

week, was implemented in Denmark in 2002 (24). In a subgroup 

analysis, the Dutch study showed no effect of 5 x 5 Gy in low 

rectal tumours and reports on severe adverse events following 

short-course radiotherapy appeared (49). The DCCG changed its 

regimen in 2005 (25). From then on, short-course radiotherapy 

should be administered only in selected cases, i.e., mid (6-10 cm 

from the anal verge) T3 tumours with a circumferential resection 

margin >5 mm (as estimated by MRI). For resectable rectal can-

cer, the new regimen also implied  that long-course (~50 Gy/28 

fractions) radiotherapy and concomitant chemotherapy followed 

by surgery at least 6 weeks later should be offered patients with 

mid T3 tumours with a circumferential resection margin <5 mm 

(assessed by MRI), patients with mid T4 tumours and patients 

with low (within 5 cm from the anal verge) T3-4 tumours (50). The 

guidelines were revised in 2009 after which patients with mid T3 

tumours and a circumferential resection margin >5 mm were 

spared from preoperative radiotherapy (26). 

 

Issues with potential impact on the analyses: The guidelines on 

radiotherapy have been changed three times since 2002. Revised 
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treatment regimens are usually implemented gradually after 

some delay. The effect of the individual radiotherapy regimens is 

therefore difficult to determine, even if surgeons use the TME 

technique. 

  

3.2.4. Postoperative adjuvant chemotherapy 

In 1990, Moertel reported a significantly improved long-term 

survival among node-positive colonic cancer patients who had 

received 5-FU and levamisole following radical surgery (51). In 

Denmark, only few patients, n = 346, with Dukes B and C colonic 

cancer received 5-FU and levamisole, in a randomised trial (DAK-

REKA) from 1992-1996 (52).  

Since 1997, all fit node-positive colonic cancer patients have been 

offered postoperative chemotherapy like 5-FU and leuko-

vorin/levamisole. Since the mid 2000s, the regimen has been 

supplemented with Oxaliplatin because a further survival benefit 

was observed for this combination of chemotherapeutics (25). 

Since 2009 and based on international consensus only, 5-FU +/- 

Oxaliplatin is being offered to selected high-risk stage II colonic 

cancer patients (T4 tumours, bowel obstruction, tumour-involved 

vessels or nerves, perforation, poorly differentiated tumours, and 

<12 lymph nodes detected in the specimen) (26). The duration of 

these treatment regimens has been reduced from 12 months in 

the early 1990s to now 6 months. 

In rectal cancer, selected high-risk patients have been offered 

postoperative chemotherapy with 5-FU +/- Oxaliplatin since 2009 

(26). High risk is defined as stage III, low tumour differentiation, 

T4 tumour, tumour-involved vessels or nerves, bowel obstruction, 

or perforation.  

 

Anticipations that may influence the analyses: Some of the im-

provement in long-term survival of stage III colonic cancer pa-

tients observed since the late 1990s is expected to have been 

caused by postoperative adjuvant chemotherapy.  

  

3.2.5. Treatment of potentially curable local recurrence, distant 

metastases or peritoneal carcinomatosis 

The management of patients with distant metastases or recurrent 

disease was rather nihilistic in Denmark during the 1990s. During 

the 2000s, the view changed gradually; thus, a growing number of 

patients with potentially curable recurrent disease have been 

offered resection at selected hospitals (26). Further, the treat-

ment of patients with distant metastases has become more ag-

gressive with the introduction of surgery and radiofrequency 

ablation, for instance, aiming to cure or palliate only (26). Since 

2006, it has been possible at a single hospital to offer cytoreduc-

tive surgery and hypertherm intraperitoneal chemotherapy 

(HIPEC) to selected patients with primary or secondary peritoneal 

carcinomatosis and no distant metastases (53). 

 

Anticipations that may influence the analyses: Long-term survival 

is expected to have improved in the (late) 2000s in some stage IV 

patients because of the introduction of the above-mentioned 

treatment regimens with curative intent. 

 

 

3.3. TREATMENT FOR PALLIATION  

3.3.1. Surgery 

During the 1990s, most patients with colorectal cancer under-

went surgery with the intent to perform tumour resection unless 

they were known with massive hepatic metastases for instance. 

After introduction of the beneficial regimen of palliative chemo-

therapy in the late 1990s, some patients without obstructive 

symptoms were able to escape surgery. During the mid 2000s, 

patients with metastatic disease less frequently underwent sur-

gery, and they most often did so only in case of perforation or 

obstruction which cannot be managed otherwise. The late 2000s 

saw the emergence in recent guidelines of a new trend favouring 

less invasive surgeries such as insertion of a SEMS, performing a 

laparoscopic stoma only or creating a by-pass in patients with 

non-curable disease has appeared in the late 2000s (17). 

 

Issues with potential impact on the analyses: The surgical treat-

ment strategies in patients with non-curable disease have 

changed over time and the survival benefit of the various strate-

gies awaits further investigations.  

 

3.3.2. Self-expanding metallic stents as a definitive procedure 

In 1991, Dohmoto described successful SEMS insertion in incur-

able, obstructive rectal cancer (54). SEMS designed for colorectal 

use was introduced in Denmark in the early 2000s. The SEMS 

approach made it possible to relieve obstructive symptoms in 

patients with incurable disease or severe comorbidity.  

 

Issues with potential impact on the analyses: However, it remains 

to be clarified whether SEMS or surgical resection (both with 

addition of chemotherapy) is associated with the best outcome. 

Thus, surgeons advise patients individually in daily practice. 

 

3.3.3. Chemotherapy and radiotherapy 

The regimen with 5-fluorouracil and folinic acid was implemented 

in the 1990s because it outperformed other regimens on survival, 

yielding a median survival of about 12 months (55,56). The regi-

men became recommended in national guidelines in 2002 (24). 

Newer agents, like Oxaliplatin or Irinotecan, and biological drugs 

like Bevacizumab, are now being offered to supply fit patients 

with further survival benefits and the median survival has gone up 

to 16-20 months (25,26). 

Palliative radiotherapy has been offered for several years in case 

of pain and bleeding, among others, for instance in incurable 

rectal cancer or local rectal cancer recurrence (23).  

Stereotactic body radiotherapy and radiofrequency ablation are 

treatment tools that are increasingly being used in the 2000s for 

liver metastases (26). 

 

Anticipations that may influence the analyses: Palliative chemo-

therapy has contributed to some improvement of stage IV pa-

tients’ survival in recent decades. 

 

3.3.4. Supportive care 

During the 2000s, focus has increasingly centred on the suppor-

tive care offered by palliative teams to optimize care and thus 

prolong the time the patient may stay at home as much as possi-

ble.    

 

Anticipations that may influence the analyses: Supportive care 

improves the quality of life of patients and their families, but 

probably contributes minimally, if anything at all, to survival.  

 

 

3.4. THE DANISH HEALTH CARE SYSTEM AND HOSPITAL AND 

SURGEON CHARACTERISTICS 

Public health care in Denmark is free and tax-financed (57). Den-

mark consisted of 14 counties up until 2007 at which time the 

counties were dissolved and replaced by five regions. Hospitals 

have since the local government reform in 1970 been owned by 
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the counties and, since 2007, by the regions. The regions (previ-

ously counties) hire all hospital staff, including physicians. Colo-

rectal cancer patients in Denmark are treated at public hospitals 

except a very low number of colonic cancer patients in the capital 

region which have been treated at private hospitals since mid 

2000s. 

The health care retrenchment seen during the past decades has 

triggered a general increase in specialization and centralization 

activities in the Danish hospital sector. In the late 1980s and early 

1990s, several small hospitals stopped treating colon cancer, 

while centralization of the surgical management of rectal cancer 

began in the late 1990s and early 2000s. Concentration of surgical 

cancer treatment was one of the proposals in the National Cancer 

Plan of 2000 (8). A further centralization occurred after the re-

gions replaced the counties in 2007. The decline in the number of 

hospitals performing surgery for colonic and rectal cancer na-

tionwide in the past decade is depicted in Table 3 (17,58). 

Besides that more patients are treated at county and university 

hospitals, probably fewer surgeons are treating more patients, 

although the latter is undocumented. As a consequence of the 

implementation of TME surgery in 1996, fewer surgeons were 

allowed to perform rectal cancer surgery. Such a priority has not 

been adopted in colonic cancer. 

 

Table 3  

 

Number of Danish hospitals treating colorectal cancer during 2001-2010 

 

Year Colonic cancer Rectal cancer 

 Elective surgery Emergency surgery  

2001 50 44 47 

2005 34 34 32 

2010 20 20 17 

 

Until the late 2000s, surgeons could be trained and educated to 

become specialists in ‘General surgery’ and the subspecialty 

‘Surgical gastroenterology’ according to criteria issued by the 

National Board of Health. As from 2006, specialized surgeons with 

extensive experience in coloproctology or surgeons who have 

passed a two-year education and training programme may be 

named ‘certified colorectal surgeon’.  

In the 1990s, colorectal cancer surgery was generally performed 

by senior registrars who had not yet achieved specialist status. If 

necessary, the senior registrars were supervised by consultant 

surgeons. The 2000s saw a significant rise in the proportion of 

patients, notably patients with rectal cancer, who underwent 

surgery performed by specialists in surgical gastroenterology, 

Table 4. However, in 2008, 40% of emergency colonic cancer 

patients were being treated by general surgeons or non-

specialists. 

 
Table 4  

 
Percentage of Danish colorectal cancer patients treated by specialists in 

surgical gastroenterology during 2001-2008. The remaining patients 

were treated by general surgeons or non-specialists (17). 

 

Year Colonic surgery Rectal cancer 

 Elective Emergency  

2001 39 28 72 

2005 64 49 89 

2008 78 60 94 

Issues with potential impact on the analyses: Specialists in surgi-

cal gastroenterology may be specialists with main interest in 

upper gastrointestinal surgery. In the early-mid 2000s, specialist 

status, as registered in the DCCG database, was an uncertain 

variable because at that time it was not clearly defined that it 

means the highest status of the operating or the supervising 

surgeon. No particular importance should be therefore be as-

cribed to this variable in the assessment of the results of surgery 

in this period. 

 

4. AIMS OF THE THESIS 

 

The overall aim of the present thesis is to explore different as-

pects of the inferior short-term and long-term survival from colo-

rectal cancer in Denmark over the past decades. 

 

The specific aims were:  

  

1. To describe the overall short-term and long-term survival from 

colorectal cancer in Denmark over the past decades 

 

2. To evaluate, for short-term and long-term survival, 

• the influence of old age  

• the impact of comorbidity 

• the influence of structural factors like caseload and surgeon 

speciality 

• the benefit of SEMS in patients with acute bowel obstruction 

 

3. Specifically for short-term survival  

• to determine prognostic factors of postoperative mortality 

after emergency surgery for colonic cancer  

• to study whether postoperative mortality from colorectal 

cancer exhibited any seasonal variation 

 

4. Specifically for long-term survival 

• to study the impact of therapeutic delay 

 

 

5. METHODS AND METHODOLOGICAL CONSIDERATIONS

  

5.1. DATA SOURCES 

5.1.1. Central Population Registry 

Since 2 April 1968, the Central Office of Civil Registration has 

been assigning a unique 10-digit personal identification number 

to all Danish citizens (59,60). This number codes for age, gender 

and date of birth and it allows valid linkage of registries. The Civil 

Registration system also contains information on vital status 

(alive/dead), date of death and residence.  

 

5.1.2. Danish Cancer Registry 

The Danish Cancer Registry is a population-based registry contain-

ing data on individuals with malignant diseases in Denmark since 

1943 (61,62). Until 1987, reporting to the Registry was voluntary. 

In 1987, reporting became mandatory for all medical doctors. The 

change from voluntary to mandatory reporting had no material 

influence on the number of patients reported (62). In 1997, the 

registry was moved from the Danish Cancer Society to the Na-

tional Board on Health. 

Patients are identified by their 10-digit personal identification 

number. Data, which are provided by the reporting physician, are 
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collected prospectively and include diagnosis (classified according 

to the modified version of the international classification of dis-

eases, 7th revision (ICD-7) until 2004, thereafter ICD-10, but 

diagnoses from 1978-2003 have been re-classified according to 

ICD-10), date of diagnosis, method of verification, staging of 

tumour at the time of diagnosis (local, regional, distant metasta-

ses), treatment given within four months of diagnosis (surgery: 

yes/no; radiotherapy: yes/no; chemotherapy: yes/no; anti-

hormone therapy: yes/no), outcome of treatment (radi-

cal/palliative), date of death and cause of death. The classification 

of surgery as radical or palliative is based solely on information 

provided by the reporting physician. Registration was based on 

notification forms until 2004. The forms were completed by hos-

pital departments, including departments of pathology and foren-

sic medicine, and practising physicians when a person was diag-

nosed with cancer; at autopsy; or when changes were made to an 

initial cancer diagnosis. Since 1 January 2004, all notifications 

from hospital departments are reported electronically to the 

National Board of Health via the Danish National Registry of Pa-

tients, and since 1 January 2005, all practising physicians also 

report electronically to the National Board of Health. 

 

Issues with potential impact on the analyses: The Cancer Registry 

has been shown to have accurate and virtually complete data on 

cancer patients. Registry completeness and validity reaches 95-

98% (62). Records are supplemented by unreported patients 

captured through annual linkage to the Danish Register of Causes 

of Death and to the Danish National Registry of Patients. For 

patients notified by death certificate only, the physician responsi-

ble for the death certificate is contacted in order to explain the 

missing notification to the Cancer Registry at the time of diagno-

sis. The proportion of patients identified by death certificate only 

has been less than 1-2% in recent decades (11,12). For patients 

identified by the Danish National Registry of Patients only, the 

treating departments are requested to supply a notification form 

before the patients can be registrered in the Cancer Registry. The 

entire coding process is supervised by medical doctors.  

Before the introduction of electronical reporting and regular data 

up-dating in 2004, there was considerable, often year-long, delay 

in data collection. Before 2004, the Registry was thus not an 

optimal source for analysis of recent trends in survival.  

 

5.1.3. Hospital discharge registries and Danish National Registry 

of Patients 

The hospital discharge registries (called the Patient Administrative 

Systems, PAS) are used by all Danish Regions (counties until 2007) 

to collect data from hospital admissions. The registries were 

established in 1977. Their purpose was to (i) provide data for 

statistical analyses, (ii) monitor utilization, (iii) support the proc-

ess of planning for the National Board of Health, (iv) monitor the 

frequency of various diseases and treatment, and (v) facilitate 

research and quality assurance (63). Since 1995, out-patient 

activities and visits at emergency rooms at hospitals have also 

been registered. PAS data are transferred to the Danish National 

Registry of Patients. The discharge registry data are updated 

daily. 

The dataset includes the personal identification number, dates of 

admission and discharge, surgical procedure(s) performed (coding 

done by surgeons responsible for the operation) and up to 20 

discharge diagnoses (coding done by physicians). Discharge diag-

noses were classified according to the Danish version of the ICD-8 

until the end of 1993 and thereafter according to ICD-10 (63). 

ICD-8 codes used for colorectal cancer are 153 and 154, and ICD-

10 codes are C18-C21. In 2000, the Danish health care authorities 

introduced a new accounting method based on Diagnosis Related 

Groups (DRG). The DRG system provides stronger incentives to 

record concomitant conditions besides the main condition. 

Surgical procedures are classified according to a Danish version of 

the Nordic Medico-Statistical Committee (NOMESCO) Classifica-

tion of Surgical Procedures (64). The NOMESCO codes became 

available on 1 January 1996. The codes used in Papers II, VII, VIII 

to identify patients who had undergone procedures for colorectal 

cancer are listed in Appendix 1.  

 

Issues with potential impact on the analyses: The validity of the 

registry data has been shown to be high (65,66). Completeness 

has been reported to be 92% for haematological malignancies 

(67) and 96% for ovarian cancer (68). Review of medical records 

and re-coding by independent clinicians has shown agreement in 

90% of admissions to surgical departments, but improper coding 

of surgical procedures in 15% (66).  

 

5.1.4. Danish Colorectal Cancer Group database  

The Danish Colorectal Cancer Group (DCCG) database is a national 

clinical database with data on all patients in Denmark with a first-

time diagnosis of colorectal adenocarcinoma treated or diag-

nosed in surgical departments. The database was founded in 1994 

by a subgroup of the Danish Surgical Society. The purposes of the 

database are support efforts aimed: (i) to unify procedures for 

diagnosis, treatment and follow-up on colorectal cancer, (ii) to 

improve and assure the quality of treatment of colorectal cancer, 

(iii) to reach the quality objectives as described by the Danish 

Surgical Society and the National Board of Health, and (iv) to 

support and initiate clinical colorectal cancer research.  

In 2005, the DCCG became a multidisciplinary cancer group 

counting radiologists, oncologists, surgeons and pathologists.   

From 1994 until May 2001, only patients with rectal cancer were 

included in the database, but since May 2001, all patients with 

colorectal cancer have been included. 

Patients are identified by their 10-digit personal identification 

number. The data are collected by all surgical departments and 

are prospectively entered into the database. Data have been 

retrieved through questionnaires filled in by the patients (height, 

weight, comorbidity, symptoms, alcohol and tobacco consump-

tion, self-perceived physical fitness and general health), and the 

surgeons (diagnostics performed, American Society of Anesthesi-

ologists (ASA) score, staging (Dukes’ stage and the TNM classifica-

tion), urgency of surgery (elective or emergency), treatment, 

postoperative complications occurring within 30 days after sur-

gery, planned follow-up). From 2005 onwards, reporting has been 

done via the Internet. From 2010 onwards, data are registered by 

the surgeons only, and collected data include data on delay as 

well. In 2010, the database was extended to include more de-

tailed data on pathology and oncology reported by pathologists 

and oncologists, but reporting by the latter has not yet been 

satisfactory. 

 

Issues with potential impact on the analyses: Data completeness 

is validated by daily linkage to the Danish National Registry of 

Patients. The database was also linked to the Danish Cancer Reg-

istry in 2009. Patient registration completeness has been close to 

95% since 2002 (16). All departments are notified of missing data 

and logical errors in the questionnaire responses. The database 

has continuously been developed to prevent illogical data regis-

tration, e.g., radical surgery in case of distant metastases, hyster-

ectomy in males, etc. Some 5% of colorectal cancer patients are 
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not registered in the database because they have not been admit-

ted to a surgical department. Such patients have received pallia-

tive support only at medical or oncology departments. Reporting 

by the patients on comorbidity and life style factors, among oth-

ers, has been less than 50%. Therefore, it became mandatory in 

2010 for the surgeons to undertake such reporting to make data 

more valid for analysis of case-mix, among others. 

The validity of data reported to the database has been assessed 

on the basis of a random sample of 5% of patient data reported 

from May 2001 through December 2001, n = 86. Three independ-

ent consultant surgeons re-coded the material based on copies of 

medical records and they achieved a rather good correspon-

dence: inter-rater agreement on patient diagnoses was 84%, 

treatment 94%, tumour staging 89%, and the postoperative 

course 90% (69). No other validation has yet been carried out. 

The DCCG registry lacks an exact definition of emergency surgery. 

‘Emergency treatment’ is one of two options surgeons have for 

operative urgency (emergency/elective) when they enter data 

into the Registry. Emergency surgery is usually performed in case 

of bowel obstruction, perforation or severe bleeding. It has been 

shown that the median time from first contact to the hospital 

until time of emergency surgery is one day (VIII). 

A concern regarding the variable ‘Specialist status’ is discussed in 

Section 3.4. 

 

 

5.2. STATISTICAL ANALYSES 

5.2.1. Survival analyses 

Mortality and survival terms are defined in the present thesis as 

follows: 

30-day mortality is mortality from all causes of death within 30 

days of surgery, i.e., a postoperative mortality estimate. 

In-hospital mortality is mortality from all causes of death during 

the hospital stay after surgery. 

Observed all-cause survival is an estimate of the probability of 

surviving all causes of death.  

Crude survival and overall survival are synonymous terms cover-

ing observed all-cause survival. 

Relative survival estimates express ratios of observed survival, 

from all causes of death, of a cohort of cancer patients to the 

survival that would have been expected if these patients had had 

the same age- and gender-specific survival as the general popula-

tion. In other words, relative survival measures the excess mortal-

ity associated with the cancer diagnosis and its treatment (70). 

Stage-specific survival is all-cause survival calculated for the spe-

cific stage in question.  

Cancer-specific survival means survival from cancer in the ab-

sence of other causes of death. Calculation of cancer-specific 

survival requires proper specification of the cause of death. 

All-cause survival curves for specified periods were constructed 

and product limit estimates of 1-year and 5-year survival were 

obtained using the Kaplan-Meier method.  

To calculate expected survival in the general population to be 

used for calculating relative survival, 10 randomly chosen popula-

tion controls were sampled for each patient from the Central 

Population Registry. Controls were matched on gender and age 

(month and year of birth) and should be alive and free of colorec-

tal cancer.This approach made it possible to accurately estimate 

expected survival per one-year period in the general population in 

contrast to the per 10-year period that would be necessary if 

national life tables had been used. The reduction of these periods 

from 10 years to one year is especially important when calculat-

ing survival for old patients. The traditional ‘cohort analysis’ was 

used. In the calculation of the 5-year relative survival, we there-

fore excluded those diagnosed so recently that they could not be 

followed for 5 years.  

 

Issues with potential impact on the analyses: The growth in life 

expectancy, notably among the 70-90-year-olds, is not taken into 

consideration in the calculation of the crude survival (71). Thus, 

any survival improvement in this age group may be partly attrib-

utable to increased life expectancy in the general population. 

The approach of sampling population controls for calculation of 

relative survival do not take into consideration potential con-

founders like comorbidity, alcohol and tobacco consumption, 

obesity and socioeconomic status, among others. An uneven 

distribution of these factors among colorectal cancer patients and 

population controls may therefore be present. Some interaction 

between comorbidity and colorecal cancer does exist: diabetic 

patients, for instance, have an increased risk of colorecal cancer 

(72). 

Stage-specific survival was not estimated in the present analyses 

because some stage-migration may have occurred over the past 

decades. This would translate into an improved stage-specific 

survival, but it would have no effect on overall survival. The ad-

vantage of stage-specific survival is that the differences in survival 

attributable to a change in stage distribution disappear in com-

parison of survival over time or between countries. A disadvan-

tage is that the staging classification systems are not consistent. 

 

5.2.1.1. Considerations when comparing survival statistics be-

tween countries 

The reasons for differences in survival between countries are 

rooted in multiple factors related to (i) registration and analysis 

like quality and completeness of data in cancer registries, statisti-

cal methods for calculating survival, among others; (ii) patients 

like age, stage, comorbidity, socioeconomic status, race, among 

others; (iii) treatment like availability and quality of diagnostics, 

efficacy of treatment, among others; and (iv) structures like ac-

cess to health care, among others. The current lack of reliable and 

consistent information on patient factors such as stage and co-

morbidity between countries hinders a thorough investigation of 

survival differences.  

Survival statistics are affected by variations in registration and 

quality of data in the cancer registries. The completeness of as-

certainment in registries varies considerably among countries 

(73). Scandinavian cancer registries are known to have almost 

complete cancer ascertainment, close to 100%, with nationwide 

coverage. In England, the completeness is much lower, 86-93% 

(74). Incomplete ascertainment is often due to missing of long-

term survivors, wherefore incompleneteness tends to bias results 

towards inferior survival (74), although the opposite may also be 

observed.  

Data collection and cancer registation coverage vary even among 

the Nordic cancer registries. The Swedish Cancer Registry does 

not link its data with death certificates and thus does not includes 

all patients with late-stage disease and expected short life expec-

tancy who tend to bias the results towards better survival. In 

most survival analyses, patients identified by death certificates 

only are excluded because such patients have no date of cancer 

diagnosis. The proportion of death-certicate-only patients varies 

among the cancer registries with low proportions of such patients 

in the Denmark and Finland, for instance, and higher proportions 

in the English registries. A high proportion of such patients also 

tends to bias the results towards improved survival (74). If the 
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proportion of death-certicate-only patients decreases over time, 

survival will be biased towards worse survival. 

Data registration problems have been reported to occur in Eng-

land (75). The English cancer registries are supplemented with the 

hospital admission data, but the latter do not distinguish explicitly 

between the date of diagnosis and later events like recurrence. 

Such incorrect allocation of dates of diagnosis also introduces a 

bias towards inferior survival estimates (75). 

Life expectancy differs even among the Nordic countries with the 

highest life expectancy in Iceland (81.8 years) and Sweden (80.9 

years) and the lowest in Denmark (78.3 years) (76). Certainly, 

such differences contribute to variations in survival when crude 

survival rates are compared. 

It would be more appropriate to compare survival rates between 

countries by means of the relative survival method because this 

approach, as opposed to the use of crude survival would largely 

ignore differences in general health status. However, the effect of 

any interaction between general health status and indications for 

and tolerance of treatments is not taken into account  with either 

method (77). Thus, comparison between countries where popula-

tions differ in terms of degree of obesity and alcohol and tobacca 

consumption patterns, among others, may produce different 

survival figures because of interaction between these parameters.  

The use of different statistical methods may contribute to survival 

differences between countries and registries (78). An example is 

age-standardized survival: most registries age-standardize to the 

age distribution of their own country. However, age distributions 

differ across countries. To facilitate comparison of survival across 

countries and analyses of the reasons for these variations, com-

plete dataset with comparable items and standardized data from 

the individual countries are required. Such requirements are 

seldom met, but efforts to this end have been made with the 

establishment of the NORDCAN database which is a database 

hosting comparable data on cancer incidence and mortality from 

the national cancer registries of the Nordic countries (79). The 

free health care systems in the Nordic countries exclude access to 

health care as a confounder in the database. 

In comparison of rates of mortality from colorectal cancer, it is 

important to correlate the mortality rate with the resection rate 

or the rate of any surgical intervention. Patients who do not 

undergo surgery undoubtedly do not contribute to 30-day post-

operative mortality. This issue is especially important in countries 

like Denmark with an almost complete ascertainment in adminis-

trative and clinical registries. Further, a low resection rate may be 

a reflection of only unfavourable stage distribution. 

Several other factors are known to influence cancer survival and 

should be considered when survival is compared across countries. 

Survival is calculated as the number of cancer patients who have 

survived in a given period divided by the number of patients 

diagnosed with cancer. In other words, it is correlated with the 

incidence and with mortality rates, both of which may vary con-

siderably between countries. For example, if mortality decreases 

because of better treatment, the number of survivors will in-

crease and survival will improve. If the incidence increases be-

cause of the introduction of early detection methods, the number 

of cancer patients will increase and survival will improve even 

though mortality may remain stable. This can be seen if early 

detection methods result in (i) diagnosis before the cancer be-

comes clinically evident, which will induce longer survival, i.e., 

lead-time bias; or (ii) diagnosis of slowly progressing, indolent 

cancers, which would probably never be life-treating and thus not 

affect mortality, i.e., length-time bias (80). Differential use of 

screening programmes for prostate cancer and associated sub-

stantial difference in incidence is a classical example of major 

variations in survival between countries despite their similarity in 

efficacy of treatment (81). In colorectal cancer, screening pro-

grammes will similarly increase the (early-stage) incidence and 

survival, but survival will also increase because efficacy of treat-

ment is stage-specific. Further, screening programmes for colore-

cal cancer will reduce the incidence of colorectal adenomas, i.e., 

precursors of cancer. Thus, the incidence may decline over time. 

Differential use and intensity of screening programmes therefore 

contributes heavily to survival variations between countries. For 

instance, the 5-year relative survival from colorectal cancer in the 

United States has been higher than in Europe because of the 

widespread use of screening programmes (82). 

 

5.2.2. Measurement of comorbidity 

In the present thesis, comorbidity is defined as the co-existence 

of diseases other than colorectal cancer and should be distin-

guished from functional status. 

Functional status or performance status are terms used to denote 

a measure of a patient’s ability to perform daily activities or other 

tasks, i.e., the terms are used as a proxy for general health. 

Several approaches have been developed to measure or quantify 

comorbidity: counts of conditions, analysis of specific conditions 

and comorbidity indices. The Charlson Comorbidity Index, based 

on for instance IDC-10 codes, was used in Papers VI and X. The 

index was developed in the 1980s in a cohort of 559 medical 

patients and tested for its ability to predict the risk of death from 

comorbid disease in a second cohort of 685 breast cancer pa-

tients during a 10-year follow-up period (83). The Index includes 

19 disease categories, each of which are weighted from one to six 

according to its relative risk of death within one year and then 

added to form a total score, Appendix 2. Thus, the score com-

bines the number and seriousness of comorbid diseases into a 

single numeric score. To calculate the Charlson Comorbidity In-

dex, we retrieved discharge diagnoses from hospitalizations 

documented in nationwide hospital discharge registries during a 

10-year period prior to the admission for colorectal cancer. Can-

cer diagnoses made within 60 days before the colorectal cancer 

diagnosis were excluded from the calculations in order to elimi-

nate possible cancer-related diagnoses. The Charlson Comorbidity 

Index scores were categorized into three groups: no (score 0), 

moderate (score 1-2) and severe (score 3+) morbidity. 

The ASA proposed a physical status classification of preoperative 

patients for anaesthetic risk assessment in 1963 (84). The ASA 

score is commonly used in daily practice by surgeons and anaes-

thesiologists and it is simple to use. However, it is not exactly 

defined and thus influenced by inter-observer variation. The ASA 

score is a surrogate for comorbidity as it does not measure co-

morbidity in itself, rather the severity of any comorbidity. The 

ASA score is graded as follows: ASA I means a normal healthy 

person, ASA II a patient with mild systemic disease, ASA III a pa-

tient with severe systemic disease, ASA IV a patient with severe 

systemic disease that is a constant threat to life, and ASA V a 

moribund patient who is not expected to survive with or without 

the operation. 

 

Issues with potential impact on the analyses: During the past two 

decades, the Charlson Comorbidity Index has been adapted for 

use with hospital discharge data in ICD-based databases and it 

has become a widely used, valid and reliable tool for assessing the 

impact of comorbidities on mortality in many different cancer 

groups (85-91). It validly predicts mortality within few weeks to 

10 years in various conditions, including after cancer surgery 
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(83,92). The Index is not comprehensive in its adjustment for 

comorbidity and it has a tendency to underscore comorbidity 

because it is limited to 19 conditions. Patients with the same 

Charlson Comorbidity score may have different outcomes be-

cause conditions like congestive heart failure may be associated 

with higher mortality than conditions like connective tissue dis-

eases. Different conditions may also impact the outcome differ-

ently depending on the primary condition being investigated, for 

example congestive heart failure may have a higher impact in 

rectal cancer than in breast cancer in the postoperative course; 

but also depending on the outcome being measured, for instance 

the impact of diabetes mellitus on postoperative morbidity and 

long-term survival may differ.  

Other comorbidity indexes have been developed for health ser-

vices research deploying administrative data. The performance of 

four claims-based comorbidity indices (Elixhauser's set of 30 

condition indicators, Klabunde's outpatient and inpatient indices 

weighted for colorectal cancer patients, Diagnostic Cost Groups, 

and the Adjusted Clinical Group System) has been compared in a 

cohort study including 5,777 stage III colonic cancer patients (93). 

Although some of the comorbidity indices demonstrated minor 

advantages over the others, each was fairly robust in predicting 

non-cancer death. Further, the ability of the Charlson Comorbid-

ity Index, the Adult Comorbidity Evaluation-27 and the National 

Institute on Aging and National Cancer Institute Comorbidity 

Index to predict overall and cancer-specific mortality was com-

pared in 496 colonic cancer patients. The results were similar 

across the comorbidity instruments (94). No single comorbidity 

index has outperformed the Charlson Comorbidity Index in pre-

dicting mortality among cancer patients. 

The study of temporal patterns of comorbidity levels requires that 

the registration of comorbid diseases is homogenous over time. 

However, in 2000 the Danish health care authorities introduced 

the DRG system as a new accounting method which provided 

economic incentives to record conditions correctly. Such more 

accurate coding practice may contribute to some “comorbidity 

score-migration” over time and, as expected, it improved comor-

bidity-specific survival. 

Incomplete registration of comorbid diseases in the hospital 

discharge registries would result in underestimation of the Charl-

son Comorbidity Index. On the other hand, one may rely on the 

diagnoses retrieved from the hospital discharge registries used 

for calculation of the Index, although such a validation has not yet 

been performed in Denmark. 

 

5.2.3. Seasonal variation 

To study the seasonal variation in short-term mortality, we calcu-

lated the monthly mortality rate 30 days after surgery with asso-

ciated 95% confidence intervals (CI) stratified by tumour site 

(colon/rectum), urgency of surgery for colon cancer (elec-

tive/emergency) and ASA score (I /II/≥III). Assuming that the 

monthly variation demonstrates a single annual cycle with a 

single peak and a single trough during a calendar year, i.e., a 

sinusoidal form, a fitted curve of the monthly mortality rates was 

constructed using a periodic regression model. The peak-to-

trough ratio, i.e., the estimated mortality rate in the month of 

peak relative to the estimated mortality rate in the month of 

trough, was calculated from the fitted curve. The ratio of peak-to-

trough occurrence is an estimate of the relative, monthly mortal-

ity risk. If there was no monthly variation, there would be unity 

and it would increases above one with increasing intensity of 

seasonality. 

 

6. RESULTS AND DISCUSSION 

 

6.1. SHORT-TERM SURVIVAL FROM COLORECTAL CANCER 

6.1.1. Overall  

Thirty-day relative survival: From the late 1970s to the late 1990s, 

the 30-day relative survival, as measured from time of diagnosis, 

of colonic and rectal cancer improved by 4% with only marginal 

gender differences (I). For colonic cancer, the 30-day relative 

survival rose from 86% in 1977-1982 to 90% in 1995-1999, and for 

rectal cancer from 90% to 94%. Included in this outcome measure 

is patients diagnosed with late-stage disease and thus an ex-

pected short life expectancy. During the same time period, the 6-

month relative survival improved by 8% from 70% to 78% (I). The 

survival rates for rectal cancer were 5-8% higher than for colonic 

cancer, with a declining difference over time.  

Thus, an overall 8% improvement within the first half year had 

occurred, which is probably attributable to the general advances 

in anaesthesia and better peri-operative care. 

Postoperative mortality: A more conventional measure of short-

term outcome is the postoperative mortality rate as measured by 

the 30-day mortality or in-hospital mortality. However, most 

publications quoting 30-day mortality figures are single-centre 

series and only very few are nationwide population-based studies 

(17,95-99) (II). It is well-established that some of the determi-

nants of 30-day mortality are age, ASA score, comorbidity, out-

come of surgery and urgency of surgery. However, a number of 

publications (100-109) have pointed to an abundance of other 

determinants both preoperative factors like serum albumin level, 

ascites; and intra-operative adverse events and postoperative 

complications like cardiac arrest, myocardial infarction, failure to 

wean, systemic sepsis, cerebrovascular accident, renal insuffi-

ciency or failure, anastomotic leakage and male gender, among 

others.   

The 30-day mortality rate of about 11% in Denmark for colonic 

cancer remained stable in the period 1985-2004 according to data 

from the hospital discharge registries adjusted for age and gender 

(II). That of rectal cancer fell non-significantly from 5% to 4% (II) 

and remained at 4% in 2006 (110). From 2001, the 30-day mortal-

ity rates of colorectal cancer have been monitored in the clinical 

database of the DCCG. The overall 30-day mortality was 8.5% for 

patients registered in the DCCG database during the period 2001-

2008 (17). Stratifying for urgency of surgery, the DCCG reports 

mortality rates of 6.2% after elective surgery and 22.1% after 

emergency surgery for the 2001-2008 period (17). The DCCG 

publishes annual rates only for those who have had emergency 

surgery and for the proportion who have had curative surgery in 

an elective setting. The temporal pattern of the latter has de-

creased slightly, as shown in Table 5.  

 

Table 5  

 

30-day mortality (%) for Danish colorectal cancer patients after elective, 

curative surgery, 2001-2008, DCCG data (17,58) 

 

 

Year of diagnosis 2001 2005 2008 

Colon 5.8 4.7 4.2 

Rectum 4.4 3.3 2.9 

 

A strong age - ASA – mortality dependency is present as illus-

trated in the annual DCCG reports showing increasing mortality 

along with increasing age and ASA score (17), Section 6.1.3. 
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An alarming discrepancy of the postoperative mortality rates 

exists between Denmark and its neighbouring countries, as illus-

trated in Table 6. The 30-day mortality in Denmark was about 

twice as high as in Norway, Sweden and Scotland, though data 

from the other countries are older than the Danish data. 

 

Table 6  

 

Overall unadjusted 30-day mortality (%) after colorectal cancer surgery 

in Denmark and neigbouring countries 

 

Country 

Study charac-

teristics Time period 

30-day mortali-

ty (%) 

Denmark 

(17) 

National data, 

register-based 

n = 23,222 

2001 – 2008 Elective: 6.2% 

Emergency: 

22.1% 

Sweden (97) 

 

Population-

based 

n = 2,775 

1996 – 2000 Elective: 3.1% 

Emergency: 

11.2% 

Norway (98) 

 

Population-

based 

n = 1,129 

1993 – 2007 Elective: 3.5% 

Emergency: 

10.0% 

Scotland 

(111) 

 

Population-

based 

n = 3,200 

1991 – 1994 Elective: 2.8% 

Emergency: 

8.2% 

Northern 

Region of 

England (99) 

Population-

based 

n = 7,411 

1998 – 2002 Elective: 5.4% 

Emergency: 

18.7% 

Netherlands
1
 

(95) 

Population-

based 

n = 67,594 

1994 – 1999 Elective: 3.9% 

Emergency: 

14.3% 
1
  Included resection surgery only, but not (sub)total colectomy. Outcome 

measure was in-hospital mortality. 

 

Thus, the inferior short-term outcome in Denmark will contribute 

to the inferiority also of the long-term outcome compared with 

the outcomes reported for other countries – given that (i) the 

effectiveness of the oncologic treatment and (ii) the case-mix of 

the populations are comparable between the countries.  

A different stage distribution between countries has been ob-

served and debated (2,9), among others in lung cancer (112) and 

breast cancer (113). Supplementing data from the national cancer 

registries in the North with data from the national clinical data-

bases like the DCCG, Folkesson documented that Danish rectal 

cancer patients were diagnosed at a later stage than other Nordic 

patients in 1997 (114). Such uneven stage distribution may con-

tribute significantly to the higher mortality within the first half 

year - given that the preoperative evaluation for distant metasta-

ses and the histological examination for regional metastases were 

comparable between countries. 

Nickelsen reported a 30-day mortality stratified for outcome of 

surgery, but not for urgency of surgery, for the period 2001-2002 

based on DCCG data (115). Curative surgery was associated with a 

30-day mortality of 7.2% for colonic cancer and 5.3% for rectal 

cancer, while the corresponding figures for palliative surgery 

were 20.7% and 14.7%, i.e., three times that following curative 

surgery. Except for emergency patients, Section 6.1.6, more up-

to-date analyses of outcome are only available for curative out-

come. The 30-day mortality after curative surgery in the entire 

2001-2008 period was 6.4% for colonic cancer and 4.0% for rectal 

cancer (17), i.e., reduction in mortality was seen over time. A 

French population-based study of patients diagnosed during 

1976-1995 reported the 30-day mortality by outcome of surgery. 

The results were in line with those reported for the Danish setting 

and the 30-day mortality rate after palliative surgery was 15.6% in 

the period 1992-1995 (116). Patients who underwent palliative 

surgery were those who had incurable distant metastases and 

patients in whom local tumour control was impossible.  

 

Thus, faced with the fact that 18% of Danish patients present with 

distant metastases and that curative surgery is not achieved in 

about 22% of Danish patients (17), the Danish short-term out-

come is indisputably inferior to that achieved in other, compara-

ble countries. 

Postoperative death has always been an issue causing much 

concern and major efforts have been made to avoid such deaths. 

Several risk scoring systems have been designed to predict the 

risk of death. Specific for colorectal surgery is the ColoRectal - 

Physiological and Operative Severity Score (CR-POSSUM) (107) 

and the Association of ColoProctology score (ACP score) (108). 

Most risk scoring systems use a diverse range of preoperative 

variables, and some also deploy intra-operative and postopera-

tive variables. A major criticism against the use of these risk scor-

ing systems is that they are too complicated for use in daily prac-

tice and most have been developed for surgical audits only. None 

of them have been evaluated in Danish colorectal cancer patients. 

 

6.1.2. Elderly patients  

The Danish population is ageing and the number of elderly colo-

rectal cancer patients is increasing.  

The definition of elderly persons varies considerably in the inter-

national literature with cut-point for elderly ranging from ≥65 

years (117,118) to ≥80 years (119,120). In present thesis, elderly 

persons are defined as persons aged >75 years if not otherwise 

reported.  

Elderly persons bear a disproportionate burden of cancer and also 

a burden of other age-related health problems, including comor-

bidity (121). This unfortunate situation complicates decision-

making in cancer treatment because of the elderly patient’s in-

creased vulnerability and thus reduced ability to withstand poten-

tial complications.  

The term frailty is commonly used to describe an elderly person 

at heightened vulnerability to adverse health status change (122) 

because of  his or her reduced reserve capacity. Frailty should be 

distinguished from aging and comorbidity, but all three are inter-

related. In geriatric oncology, a comprehensive geriatric assess-

ment is commonly performed to identify frailty in an elderly. 

Comprehensive geriatric assessment is a systemic approach aim-

ing to assess physical functioning, comorbidity, polypharmacy, 

nutrition, cognition and emotional status. Patients  are catego-

rized into ‘fit’, ‘intermediate’ and ‘frail’ patients (123). Overall, 6-

15% of elderly are considered to be frail (124). Data on elderly 

undergoing surgical cancer treatment document that frailty 

rather than age alone is related to postoperative morbidity 

(123,125). Data on frailty and mortality have not yet appeared.  

Disparity in cancer treatment of elderly patients has been re-

ported in several populations, including, among others, that the 

rate of patients undergoing surgery is lower among elderly than 

among their younger counterparts (96,126-136). Using data ex-

tracted from 15 European cancer registries, the EUROCARE study 

noticed that in 1987 the resection rate for colorectal cancer pa-

tients was 85% for patients aged <65 years, irrespective of their 

tumour site, but only 70-73% for patients aged >74 years with 

lowest rate for rectal cancer (126). The resection rate is stage-

dependent with a lower resection rate among elderly suffering 

from palliative stage disease as compared with younger patients 
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(129,135,136). However, also the curative resection rate is lower 

among elderly than among younger patients (96,120,137). Fur-

thermore, the rate of emergency surgery is higher among elderly 

with rates of 18% among patients aged 74-85 years and 29% 

among patients aged  ≥85 years in contrast to 15% among pa-

tients aged 65-74 years (138). In the period 2001-2008, the emer-

gency surgery rate among Danish patients aged >70 years was 

17%, while that of their younger counterparts was 14% (17).  

 

Thus, the short-term outcome in general, and the 30-day mortal-

ity for those elderly who receive surgical treatment in particular, 

is influenced by several factors making the interpretation of mor-

tality difficult. 

The curative resection rate among elderly patients aged >75 years 

has increased dramatically in Denmark from 36% in 1977-1982 to 

49% in 1995-1999 according to data from the Danish Cancer 

Registry. The most prominent progress has been observed among 

patients aged 81-85 years and patients ≥86 years (III). In 1995-

1999, patients aged 81-85 years underwent curative resection 

almost as frequently as patients ≤75 years, i.e., about 50%. Simi-

larly, the proportion of elderly who received ‘no’ or ‘symptomatic 

treatment only’ fell from 20% to 13%, while this proportion de-

clined from 14% to 10% among their younger counterparts. A 

declining divergence in the curative resection rate between pa-

tients <75 years and elderly was also observed in France during 

the period 1976-1999 and it was mainly ascribed to a rise in the 

resection rate among elderly over time (137,139). In France, the 

curative resection rate among elderly patients was 72% in colo-

rectal cancer combined during 1988-1999 (137). In contrast, the 

resection rate in elderly patients aged 80+ years with curative-

stage colonic and rectal cancer in the Southern Netherlands has 

been at least 96% and 88%, respectively, since 1985 (134).  

The age-dependent decrease of 30-day and 6-month relative 

survival in Denmark in 1995-1999 is shown in Table 7, (III). Previ-

ously, in 1977-1982, this age-depency was even greater, but 30-

day and 6-month relative survival have improved markedly, by 6-

17%, among the elderly over time and by 2-6% among their 

younger counterparts - even though more elderly underwent 

surgery.  

A notable decrease in relative survival was observed between 30 

and 180 days after surgery, particularly among the elderly, which 

is in line with observations made in the Netherlands (140) and the 

England (141). The Dutch study, in which very fit elderly had 

preoperative short-course radiotherapy in addition to TME sur-

gery, reported that the excess mortality within 6 months of sur-

gery was caused by non-cancer mortality and that postoperative 

complications more often had a fatal course among elderly than 

among younger patients (140). For instance, anastomotic leakage 

occurred at a similar rate in elderly and younger patients, but the 

6-month mortality was 57% in the elderly compared with 8% in 

the younger patients (142). A similar tendency was observed for 

other surgical complications and several medical complications 

(142). Others have confirmed that postoperative mortality  

 
Table 7  

Relative survival of 69,562 Danish colorectal cancer patients by age, 
1995-1999  (% (95% CI)) 

especially among the elderly extends beyond the 30 days after 

surgery and that the 30-day mortality rate understates the true 

risk of dying after surgery (141,143). Typically, patients dying 

between 30 and 90 days postoperatively were elderly, high-risk 

patients developing complications who had a prolonged course of 

intensive care, which ultimately culminated in multiorgan failure 

and death (143). 

Based on DCCG data from 2001-2008, the 30-day mortality of 

15.0% in patients aged >70 years remains much higher than that 

in the younger patients aged ≤70 years (3.6%) (17) - despite con-

tinuing advances in peri-operative care, a progress assumed to be 

important, in particular in frail, elderly patients. In line with the 

Danish figures, a mortality rate among elderly patients exceeding 

that of their younger counterparts at least two to three times 

higher has repeatedly been reported in other populations 

(95,96,116,127,128,130,131,135,136,144,145). In the UK, for 

example, the 30-day mortality rate was 10.6% in elderly >75 years 

and 3.8% in their younger counterparts in the period 2000-2005 

during which 85% of the elderly underwent surgery (131). Few 

series on selected patients report comparable mortality rates 

between elderly and younger patients (146). 

 

Thus, it must be expected that the observed improved short-term 

survival and increasing resection rate among the elderly contrib-

utes to improve their long-term survival as well.  
 

6.1.3. The impact of comorbidity  

Because of their age, colorectal cancer patients are likely to suffer 

from comorbid diseases. The proportion of Danish colonic cancer 

patients with comorbidity documented in hospital discharge 

registries and determined by Charlson’s Comorbidity Index scores 

1-2 and 3+ increased from 30% in 1995-1997 to 43% in 2004-2006 

and for rectal cancer patients from 30% to 37%, i.e., at least one-

third of the patients had comorbidities (VI). About 10% of the 

patients scored 3 or more, i.e., had severe comorbidity, regard-

less of tumour origin. The increase in comorbidity score may 

partly be due to a more accurate coding practice in the hospital 

discharge registries as a consequence of a change in administra-

tive reimbursement. 

Comorbidity affects the surgical decision-making for Danish colo-

rectal cancer patients as evidenced by a decreasing resection rate 

by increasing comorbidity level (VI), Table 8.  
 

Table 8  

 

Resection rates (%) of 3,433 Danish colorectal cancer patients by comor-

bidity level, 2004-2006 

 

Charlson Comorbidity score 0 1-2 3+ 

Colonic cancer 82.7 78.2 67.6 

Rectal cancer 70.6 61.0 51.6 

 

 

 

 

 

 

 

 

 

 

Age group ≤ 60 61-75 76-80 81-85 86+ 

Relative 30-day survival 97 (97-98) 94 (93-94) 91 (90-92) 86 (85-88) 82 (80-84) 

Relative 6-month survival 87 (86-88) 81 (80-82) 75 (73-77) 70 (68-72) 62 (59-64) 
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Among those about 10% of the colorectal cancer patients who 

suffered from severe comorbidity, only about one-half to two-

thirds underwent the mainstay of treatment: surgical resection. 

The resection rates among colonic cancer patients with Charlson 

Comorbidity scores 1-2 and 3+ were even lower in 1995-1997, 

while no change over time was observed for rectal cancer pa-

tients. 

The treatment policy for patients with colonic and rectal cancer 

and concomitant severe comorbidity in Denmark has seemingly 

changed differently over time. In the period 1995-2006, ‘no surgi-

cal intervention’ was performed in almost one-third of colorectal 

cancer patients with severe comorbidity; yet, the rate of ‘no 

surgical intervention’ was twice or trice as high as among patients 

with a Charlson Comorbidity score of zero (VI). However, the rate 

of ‘no surgical intervention’ has decreased over time in colonic 

cancer patients with severe comorbidity to 30% in 2004-2006. In 

contrast, in rectal cancer the rate rose to 37% in 2004-2006. In 

addition, about 5% of all colonic cancer patients and 10-15% of all 

rectal cancer patients had a diversion or a local procedure, includ-

ing SEMS insertion, with slight declines over time among patients 

with severe comorbidity.  

 

Thus, colonic cancer patients increasingly underwent resection, 

while they less frequently underwent a diversion/local procedure 

or had ‘no surgical treatment’. In rectal cancer, however, the 

resection rate remained stable, but the patients less frequently 

had a diversion/local procedure and ‘no surgical treatment’ be-

came increasingly common. In other words, over time the treat-

ment of patients with severe comorbidity has become surgically 

more aggressive in colonic cancer, while apparently becoming 

more cautious or differentiated in rectal cancer. This change is 

hardly caused by an increase in the proportion of later-stage 

disease among patients with severe comorbidity as stage distribu-

tion remained stable in Denmark during that time period. 

The finding of an inverse relationship between the comorbidity 

level and the resection rate in Danish colorectal cancer contra-

dicts observations of other studies (147-149), but these studies 

did not differentiate between the outcomes of surgery and con-

founding by cancer treatment may therefore bias their results. 

The resection rates in the Dutch studies were much higher (above 

87% in colonic cancer and above 67% in rectal cancer) and they 

were independent of comorbidity levels (148); and for patients 

with stage I-III, the resection rates were above 95% regardless of 

comorbidity (149). Noticeably, as compared with other European 

populations, a much higher proportion of Danish patients with 

severe comorbidity are either not offered optimal cancer treat-

ment, i.e., surgical resection, or they refuse surgery themselves. 

Clinicians may be concerned whether comorbid patients succumb 

during the postoperative course, whether they can sustain the 

toxicity of chemotherapy/radiotherapy or whether they would 

have any survival benefit at all taking their remaining life expec-

tancy into consideration. In contrast to the resection rate, non-

Danish studies have reported that comorbidity can limit the 

choice between treatment regimens as documented by the less 

frequent use of adjuvant chemotherapy in patients with stage III 

colon cancer (148,150) and the less frequent use of adjuvant 

radiotherapy in patients with rectal cancer (148). When consider-

ing the impact of comorbidity on outcome, it should also be re-

membered that measurement of comorbidity does not necessar-

ily parallel for example ‘general functional status’ or ‘performance 

status’, which may be the factor that determine clinicians’ daily 

decision-making. Finally, the skewed resection rates among co-

morbid patients across countries may find a methodological 

explanation in an unequal registration of such patients. 

Thirty-day mortality rates according to the Charlson Comorbidity 

level are unavailable for Danish colorectal cancer patients. The 

overall 30-day mortality rate in Denmark after resectional surgery 

remained stable at about 8% in colonic cancer and at about 6% in 

rectal cancer from 1995-1997 to 2004-2006 even if a growing 

proportion of colonic cancer patients with comorbidity under-

went resection (VI). During the same period, the 30-day mortality 

rates for those 5% of the colonic cancer patients who had a diver-

sion/local procedure ranged from 27% to 36% with no temporal 

pattern. For the 10-15% of rectal cancer patients who had such a 

palliative procedure, the mortality rates remained at the level of 

11-14%.  

 

Thus, the postoperative mortality rates remained stable in spite 

of an altered surgical treatment regimen for patients with severe 

comorbidity. 

The ASA score may be expressed as a score describing the sever-

ity of comorbidity. Based on the DCCG data from 2001-2008, the 

30-day rate of mortality from colorectal cancer rises dramatically 

by increasing ASA score (17), Table 9. Almost every fourth patient 

had severe comorbidity as determined by an ASA of III or more. 
 

Table 9  

 

Relationship beween ASA score and 30-day mortality (%) for Danish 

colorectal cancer patients based on DCCG data, 2001-2008 

 

 

ASA I II  III IV V Missing 

Proportion 

of patients 

(%) 

19 

 

44 

 

21 

 

3 <1 13 

30-day 

mortality 
1.8 5.6 17.7 37.3 69.0 NA 

 

 

These data clearly illustrate that comorbidity has a profound 

impact on the short-term survival of colorectal cancer patients. A 

similar relationship has been observed among English colorectal 

cancer patients (151) and among Swedish rectal cancer patients, 

although the mortality rates were at least two-fold lower in the 

Swedish population (152). In England, the overall 30-day postop-

erative mortality rate was 6.7% in 1998-2006, but 24.2% in pa-

tients with a Charlson Comorbidity score 3+ (E Morris, personal 

communication). Other population-based studies support that 

short-term survival is negatively influenced by comorbidity 

(147,149). A recent study based on DCCG data showed that the 

observed association between socioeconomic status (SES) and 30-

day mortality of elective patients was mediated mainly through 

differences in comorbidity level and to some extent lifestyle, such 

as tobacco and alcohol consumption (153). In other words, pa-

tients with a low SES had a higher 30-day mortality which mainly 

was attributable to a higher comorbidity level. 

 

6.1.4. Seasonal variation 

Peaking during the winter months, mortality rates for cardiovas-

cular and respiratory diseases (154-158) as well as influenza and 

other respiratory tract infections (159) exhibit distinct seasonal 

variation. The most plausible explanation is a well-recognised 

inverse association between outdoor temperature and morbidity 

and mortality, but also that elderly may be even more prone to 
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the effects of cooling because they are less able to regulate body 

temperature (160). 

Based on the facts, first, that comorbidity has much impact on 

short-term and long-term survival from colorectal cancer (VI), 

and, second, that postoperative medical complications, e.g., heart 

failure, sepsis and respiratory insufficiency, have been shown to 

be the main cause of early death after emergency surgery for 

colonic cancer (VIII), it seems likely from a theoretical point of 

view that 30-day mortality after surgery for colorectal cancer 

exerts some seasonal variation as well with highest rates seen in 

the winter months. However, a nationwide study including 33,556 

patients who underwent surgery for colorectal cancer failed to 

document such a winter peak of the monthly 30-day mortality 

rates (VII).  

Instead, and unexpectedly, the study observed a non-significant 

increase in the 30-day mortality rate in July with a rate of 10.0% 

(95% CI: 8.9-11.0%) as compared with the overall 30-day mortal-

ity rate of 8.7% (95% CI: 8.4-9.0%), Figure 4. The peak-to-trough 

ratio was 1.05 (95% CI:1.00-1.16), but this figure should be inter-

preted with caution because the monthly variation demonstrated 

no single annual cycle. 

 

 

 

 
Figure 4  

Monthly 30-day mortality rates for 33,556 patients after surgery for 

colorectal cancer, 1996-2006. 
 

The overall 30-day mortality rate of colonic cancer was 9.8% (95% 

CI: 9.4-10.2%) and of rectal cancer 6.5% (95% CI: 6.1-7.0%). The 

monthly 30-day mortality rates after surgery for colon cancer 

exhibited an even greater seasonal variation than the entire 

group with a non-significant 18% increase in July which should be 

seen in light of the 30-day mortality rate of 11.6% (95% CI: 10.2-

13.1%). For rectal cancer, the monthly mortality rates were al-

most stable throughout the calendar year, although a minor 15% 

increase was seen in February with a 30-day mortality of 7.5% 

(95% CI: 5.8-9.2%).  

Although the Danish study (VII) found no significant seasonal 

variation in 30-day mortality after surgery for colorectal cancer 

although 78% of the colorectal patients suffered from comorbid-

ity based on the ASA score, the Paper does not, however, pre-

clude a negative effect of coexisting comorbidities on the short-

term survival after colorectal cancer surgery. It is noteworthy that 

an ASA score ≥III was associated with a pronounced, but statisti-

cally non-significant seasonal variation in the 30-day mortality 

rates with a peak in July, Figure 5. In July, the 30-day mortality 

was 21.5% (95% CI: 17.4-26.0%), a 24% increase. No seasonal 

variation was depicted in monthly 30-day mortality rates for 

patients with ASA scores I and II, Figure 5. 

 

 
 

Figure 5  

Monthly 30-day mortality rates for 14,073 patients after surgery for 

colorectal cancer stratified by the ASA score, 2002 through 2006. 

 

 

To our knowledge, the literature contains no other studies exam-

ining seasonal variation in postoperative mortality from colorectal 

cancer. The July effect was unexpected and the most obvious 

explanation, although it is speculation only, is that July is the 

summer holiday month in Denmark, and thus staffing levels are 

low at all hospitals, i.e., standby is reduced. All elective activities, 

except cancer treatment, in hospitals are reduced during summer 

vacation. Therefore, there are fewer surgeons available to do 

surgery and fewer experienced surgeons to supervise more chal-

lenging operations, fewer anaesthesiologists to conduct the an-

aesthesia in high-risk patients with comorbidities, and fewer 

nurses to observe the patients in the wards postoperatively, all of 

which may contribute to inferior management of the patients. A 

July effect was not seen for rectal cancer, probably because the 

management of rectal cancer since the late 1990s has been cen-

tralized and the majority of patients are being treated by consult-

ant surgeons only at high volume hospitals who may have a bet-

ter standby during summer vacation. Thus, rectal cancer patients 

seem to be spared the deleterious effect of vacation and low 

staffing levels. A very recent Swedish small-scale study reported 

that the frequency of colonic cancer patients presenting as emer-

gency cases doubled in the summer months (161), which partly 

could explain the July effect. However, the proportion of the 

Danish emergency cases remained stable throughout the calen-

dar year. 

A very recent large-scale population-based study from London 

and the South East of England analysed seasonality in mortality 

within the first month of diagnosis (not identical to 30-day post-

operative mortality rate) in colorectal cancer patients (162). 

Diagnosis in the summer was associated with a decreased mortal-

ity compared with winter, which is completely opposite of the 

Danish study. However, seasonality in mortality disappeared 

when adjusting for monthly variations in general population 

mortality.  

 

Thus, to date, there is no hard evidence of any seasonality in 

short-term mortality from colorectal cancer, although the July 

effect should be elucidated further. 
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I
 Based on one study, 

II
 Based on two studies, 

III
 Based on studies not 

stratified for tumour origin, NA: not applicable 
 

Table 10  

 

Strength of evidence for an association between selected variables and 

postoperative mortality  

 

 

6.1.5. Caseload and surgical specialty 

The benefit of centralization and specialization has been debated 

ever since Luft in 1977 suggested that certain operations should 

be regionalised because outcome of complex procedures im-

proved the more operations were performed (163). Afterwards, 

the volume-specialty-outcome relationship has been repeatedly 

demonstrated for surgically complex procedures that involve a 

high risk of postoperative mortality, such as pancreatic cancer 

surgery (164,165) and oesophageal cancer surgery (165). 

In a review of the literature from 1992 through June 2004 on 

studies including at least 500 patients reporting short-term out-

come following surgery for colorectal cancer, n = 35, the interpre-

tation of the association between the volume-specialty variables 

and the postoperative mortality following surgery for colonic 

cancer, rectal cancer and colorectal cancer was as listed in Table 

10 (IV).  

The association between hospital caseload and postoperative 

mortality was most frequently analysed, Figure 6. Postoperative 

mortality after colonic cancer surgery was significantly associated 

with hospital caseload, OR 0.64 (95% CI 0.55 to 0.73), Figure 6, 

and the surgeon’s caseload, OR 0.50 (95% CI 0.39 to 0.64).  

Few, heterogeneous studies have examined the influence of the 

surgeon’s education/specialty and experience on the postopera-

tive mortality from colonic cancer. They found an improved out-

come among patients who were managed by board-certified 

surgeons/colorectal surgeons compared with non-board certified 

surgeons/colorectal surgeons or experienced surgeons (>20 yrs. 

vs. <5 yrs.). Only few, mainly small-scale studies, mostly flawed by 

methodological heterogeneity, have been performed on rectal 

cancer to examine these relationships.  

Postoperative mortality 

(No. of studies) 

Hospital caseload Surgeon’s caseload Surgeon’s education Surgeon’s expe-

rience 

Type of hospital 

Colonic cancer, n = 12 Strong Strong Strong 
II
 Strong 

I
 NA 

Rectal cancer, n = 8 No No No 
 II

  No 
 I
 No 

 II
 

Colorectal cancer
III

, 

n = 14 

No No Weak NA No 

Study  High caseload  Low caseload  OR (random)  Weight  OR (random)

or sub-category  n/N  n/N  95% CI  %  95% CI

01 Colon cancer

 Gordon 1999 (12)          14/251             58/379         4.54      0.33 [0.18, 0.60]        

 Khuri 1999 (11)          250/3328           319/3328       12.42      0.77 [0.64, 0.91]        

 Schrag 2000 (13)         248/7097           376/6837       12.62      0.62 [0.53, 0.73]        

 Marusch 2001(7)           27/596             42/815         5.91      0.87 [0.53, 1.43]        

 Birkmey er 2002 (16)     3240/59992         4691/63386      14.48      0.71 [0.68, 0.75]        

 Hannan 2002 (15)         119/5591           253/5490       11.32      0.45 [0.36, 0.56]        

 Callahan 2003 (19)       364/12121          698/12038      13.32      0.50 [0.44, 0.57]        

 Dimick 2003 (18)         129/5176           191/5156       11.19      0.66 [0.53, 0.83]        

 Finlay son 2003 (20)     1283/40100         1526/40155      14.18      0.84 [0.78, 0.90]        

Subtotal (95% CI) 134252             137584 100.00      0.64 [0.55, 0.73]

Total ev ents: 5674 (High caseload), 8154 (Low caseload)

Test f or heterogeneity : Chi² = 72.28, df  = 8 (P < 0.00001), I² = 88.9%

Test f or overall ef f ect: Z = 6.30 (P < 0.00001)

02 Rectal cancer

 Holm 1997 (21             26/776              7/158        12.37      0.75 [0.32, 1.75]        

 Simunov ic 2000 (23)       18/343             16/394        17.22      1.31 [0.66, 2.61]        

 Schrag 2002 (24)          23/707             21/545        20.89      0.84 [0.46, 1.53]        

 Hodgson 2003 (25)         30/1854            78/1621       31.78      0.33 [0.21, 0.50]        

 Wibe 2003 (22)            19/774             16/408        17.73      0.62 [0.31, 1.21]        

Subtotal (95% CI) 4454               3126 100.00      0.67 [0.40, 1.14]

Total ev ents: 116 (High caseload), 138 (Low caseload)

Test f or heterogeneity : Chi² = 14.26, df  = 4 (P = 0.007), I² = 71.9%

Test f or overall ef f ect: Z = 1.47 (P = 0.14)

03 Colorectal cancer

 Begg 1998 (2)              9/616             21/573        10.37      0.39 [0.18, 0.86]        

 Harmon 1999 (29)          94/3145           146/3110       34.78      0.63 [0.48, 0.81]        

 Parry  1999 (28)           21/213             28/231        15.59      0.79 [0.44, 1.44]        

 Urbach 2003 (30)         192/4438           181/4817       39.25      1.16 [0.94, 1.42]        

Subtotal (95% CI) 8412               8731 100.00      0.74 [0.47, 1.16]

Total ev ents: 316 (High caseload), 376 (Low caseload)

Test f or heterogeneity : Chi² = 17.38, df  = 3 (P = 0.0006), I² = 82.7%

Test f or overall ef f ect: Z = 1.31 (P = 0.19)

 0.1  0.2  0.5  1  2  5  10

 High caseload  Low caseload  
 

Figure 6  

Hospital caseload and postoperative mortality in colorectal cancer surgery. Forest plot of reviewed studies stratified for tumour origin (colonic, rectal, 

colorectal). Citations numbered as in (IV). 
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Thus, the review furnished evidence of an association between a 

lower postoperative mortality from colonic cancer and high hos-

pital caseload, high surgeon’s caseload, board-certification and/or 

surgeon sub-specialty and long experience of the surgeon. Such 

an association could not be identified for rectal cancer; however, 

many of the rectal cancer studies were flawed by methodological 

heterogeneity. Importantly, no studies reported an inverse asso-

ciation. 

Compelling evidence of the volume-outcome relationship has 

emerged since Iversen’s review (IV) was published. More recent 

reviews including the most recent studies report findings support-

ing the positive associations listed in Table 10 (166-169); the 

reviews of Salz (166) and Archampong (169) analysed rectal can-

cer only. Nugent concluded that mortality from rectal cancer was 

not associated with hospital volume, but with surgeon volume 

(170).  

The observed relationship between hospital and surgeon volume 

and postoperative mortality in recent population-based studies 

(in which adjustment for case-mix was made) is shown in Table 

11. In rectal cancer, recent studies seem to confirm a volume-

outcome association.  

A Danish nationwide study has examined the volume-outcome 

relationship among colonic cancer patients undergoing emer-

gency surgery. It failed to identify such a relationship with cut-

points for caseload of ≤12 vs. ≥21 operations yearly (VIII). Two-

thirds of the patients underwent surgery at hospitals treating ≤20 

emergency patients yearly. In other words, the majority of the 

patients were treated at low-volume hospitals and the analysis 

comprised almost exclusively low-volume hospitals. A large-scale 

English population-based study on emergency colorectal surgery 

in which about one-third of the patients suffered from colorectal 

cancer also failed to identify a volume-outcome relationship in 

adjusted analyses (178). 

The specialty-outcome association has been scarcely analyzed, 

but such an analysis may be difficult to perform because there is 

no internationally agreed definition of a specialist. 

Considering the greater complexity of rectal cancer surgery than 

of colonic cancer surgery, it seems striking that hospital and sur-

geon caseload predicted postoperative mortality for colonic 

cancer only in the meta-analysis, Figure 6. The reason may be 

that about 14% of colonic cancer patients require emergency 

surgery, which can be technically (very) challenging and is associ-

ated with much increased postoperative morbidity and mortality 

ratios. Such patients may undoubtedly benefit from assistance 

from specialized anaesthesiologist and cardiologists, ICU, etc., i.e., 

services most frequently available at hospitals with a high 

caseload in which surgeons having a high caseload are more likely 

to work. Interestingly, in 2007 a US SEER study on postoperative 

mortality in colonic cancer observed a hospital volume-outcome 

association that was mainly attributable to the availability of 

clinical services such as cardiac care units, around-the-clock avail-

ability of intensive care units, multiple medical specialties and 

interventional radiology, among others. Such resources may 

facilitate timely management of any complication (174). As in 

most US studies, hospital and surgeon volumes were very low. 

 

Thus, the finding of the volume-outcome relationship in colonic 

cancer seems reasonable and volume may be a surrogate marker 

or proxy for other important structural factors such as quality and 

capacity of the ICU, availability and capacity from other special-

ties, multidisciplinary infrastructure and nurse staffing, among 

others. 

 
Table 11  

 

Postoperative mortality: Volume-outcome association in recent popula-

tion-based studies  

 

 Colonic cancer Rectal cancer 

Postoperative 

mortality 

Hospital 

caseload 

Surgeon’s 

caseload 

Hospital 

caseload 

Surgeon’s 

caseload 

Harling 2005 

(10) 

  - NA 

Engel
1
 2005 

(95) 

- NA - NA 

Ho 2006 

(171) 

+ + + + 

Rogers  2006 

(172) 

+ + + - 

Simunovic 

2006 (173) 

- NA   

Billingsley 

2007 (174) 

+ +   

Morris
II
 2007 

(175) 

NA -   

Billimoria 

2008 (176) 

+ NA + NA 

Kressner 

2009 (177) 

  + NA 

Elferink 2010 

(135) 

- NA   

Elferink 2010 

(136) 

  + NA 

Borowski 

2010 (99) 

- + - - 

- indicates lack of a positive association (not a negative association).  
I  
Included resectional surgery only, but not (sub)total colectomy.  

II 
Included curatively treated stage II colonic cancer only. 

 

The results of volume-specialty-outcome studies are difficult to 

interpret because methodological issues may be many and be-

cause they do not lend themselves easily to clear-cut black-or-

white conclusions. Case-mix differences among hospitals and 

surgeons may bias the volume-specialty-outcome relationship. 

Even if adjustment for case-mix is performed, a skewed case-mix 

may persist. We may, for instance, ask ourselves whether treat-

ment policy for elderly and comorbid patients are similar among 

different hospitals or if some hospitals abstain from offering frail 

patients surgery. Such confounding by indication would favour 

hospitals treating the less frail patients. The question may also be 

asked whether all hospitals are evenly aggressive in performing 

radical surgery, which may heighten the risk of complications, or 

if some hospitals perform less aggressive, low-risk surgery with 

better short-term outcome at the expense of a higher rate of 

non-radical surgery. These important confounding factors have 

not been adjusted for why results of volume-specialty-outcome 

studies should be interpreted very cautiously.  

Clustering is the phenomenon that patients’ characteristics are 

likely to be similar for the same hospitals or surgeons and to differ 

between hospitals or surgeons (179). If clustering is not adjusted 

for, any observed difference in outcome may falsely favour vol-

ume. For instances, the characteristics of the inhabitants within 

one catchment area may differ from those of other catchment 
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areas. For example, a skewed proportion of inhabitants in terms 

of adverse life-style will affect comorbidity; similarly, young, fit 

patients with high SES may prefer treatment at university or high-

volume hospitals and not at local or low-volume hospitals, and so 

on. 

There is considerable variation in the definition of high and low 

caseload across the studies reviewed above. No studies have yet 

been able to define minimal caseload standards for achieving 

better outcome. For colonic cancer, cut-points for low hospital 

caseload ranged between 10 and 61 and for high hospital 

caseload between 19 and 201 (IV). For rectal cancer, the respec-

tive figures were 5 to 20 and 10 to 40. The definitions used to 

describe the surgeon’s caseload differed more for colonic cancer 

than for rectal cancer. The results obviously depend on these 

definitions and as suggested by Chowdhury, the volume-outcome 

relation would be more accurately captured if resort was made to 

graded volumes (for instance: 0-20, 21-40, 41-60, and so on) 

rather than arbitrarily defined volumes (180). Further, many 

studies are too poorly powered to detect a difference in outcome, 

which may flaw the rectal cancer studies most because the post-

operative mortality from rectal cancer is lower than that from 

colonic cancer. 

The volume-specialty-outcome relationship remains a matter of 

much controversy. In 2004, a task group nominated by the Na-

tional Board on Health recommended that the surgical manage-

ment of colorectal cancer should be practised at no more than 

10-15 units in Denmark (181). However, in 2010 colonic cancer 

surgery was still being performed at 20 departments and rectal 

cancer at 17 departments, Section 3.4. In 2008, the annual hospi-

tal caseload for colonic cancer in Denmark ranged from 32 to 209, 

excluding three outliers treating 13, 16, and 16 patients, respec-

tively. The caseload for rectal cancer ranged from 43 to 155, 

excluding eight outliers treating 2, 2, 3, 5, 5, 7, 8, and 9 patients, 

respectively (17). Some departments treated only one or two 

colorectal cancer patients weekly.  

The benefit of high volume and specialization on postoperative 

mortality seems evident in colonic cancer and probably also in 

rectal cancer. Moreover, the fact that no studies have so far 

reported detrimental effects of high caseload or specialization 

must be emphasized. A large-scale US study has recently reported 

that colonic cancer patients who underwent surgery at a hospital 

with an annual caseload of less than 42 patients had a 23% higher 

risk of death than those who underwent surgery at a hospital 

treating more than 125 patients per year (176). Similarly for rectal 

cancer, patients treated at hospitals with less than 10 patients per 

year had a 33% higher risk of death than patients who underwent 

surgery at hospitals treating more than 34 patients per year. 

However, volume-outcome relationship or not, there are other 

compelling reasons for favouring centralization. For instance, 

high-volume surgeons may be better equipped to prevent, recog-

nize and manage postoperative complications. 

 

6.1.6. Emergency surgery for colonic cancer 

The postoperative mortality rate following emergency surgery for 

colorectal cancer in Denmark is high (22%) as reported in Section 

6.1.1., (VIII) (17). The rate of rectal cancer patients undergoing 

emergency surgery is extremely low, so emergency surgery is 

performed almost exclusively in colonic cancer. Patients present-

ing as emergencies have a more unfavourable prognosis than 

elective patients for a number of reasons: they are older and have 

later-stage disease, among others, (182,183). 

In the Danish population of 2,157 emergency patients from 2001-

2005, surgery was performed mainly because of bowel obstruc-

tion (73.9%) and perforation (21.3%) (VIII). The median time from 

the first contact to hospital to emergency surgery was 1 day 

(inter-quartile range: 0-3). The 30-day mortality decreased non-

significantly from 23.2% in 2001 to 19.8% in 2005.  

The 30-day mortality was significantly associated with the post-

operative course, Table 12. 

 
Table 12  

 

30-day mortality by the number of postoperative complications 

 

No. of postoperative complica-

tions (proportion of patients) 

n = 0 

(59.3%) 

n = 1 

(27.8%) 

n = 2 

(8.1%) 

30-day mortality (%) 8.5 39.4 47.4 

 

 

Surgical complications occurred among 20.5% of the patients and 

had no statistically significant influence on their 30-day mortality, 

20.8%, Table 13. In contrast, 24.4% of the patients developed 

medical complications (cardiopulmonary, renal, thromboembolic 

and infectious) and their mortality was 57.8%. Included in these 

complication rates were 5.1% of the patients who developed 

surgical and medical complications combined; their 30-day mor-

tality was 34.2%. Excluding pneumonia, other infectious diseases 

and deep venous thrombosis, the 30-day mortality increased to at 

least 50% in case of a medical complication.  

Independent risk factors for death within 30 days after surgery 

were all of age ≥71 years, male gender, ASA grade ≥ III, palliative 

outcome, free or iatrogenic tumour perforation, splenectomy, 

intraoperative surgical adverse events and postoperative medical 

complications, Table 14. Hartmann’s procedure was associated 

with a more favourable outcome than other conditions. 
 

Thus, the main contributors to postoperative mortality after 

emergency surgery for colonic cancer were those almost 30% of 

the patients who were aged >80 years and who therefore had an 

at least five-times higher risk of death than other patients, and 

those 24% of the patients who developed medical complications 

and who therefore had a 12-times higher risk of death. Addition-

ally, about one third of the patients had ASA ≥ III and a two-three-

times higher risk of death. Prevention and/or early recognition of 

medical complications combined with appropriate treatment is 

expected to substantially reduce the 30-day mortality after emer-

gency.  

Age, comorbidity and social deprivation were all identified as 

strong independent risk factors of death after emergency colorec-

tal surgery in an English population-based study in which almost 

20% of the patients had cancer (184). The study analysed only 

patient-related preoperative variables and thus not postoperative 

complications. 

Postoperative medical complications counting pneumonia as the 

most frequent were also very frequently reported in a US study of 

292 elderly patients undergoing emergency colorectal surgery 

among whom 30% had obstructed or perforated colonic cancer 

(185). The development of postoperative complications was the 

strongest risk factor for death, OR 36 (95% CI 11-114). The au-

thors emphasized the inappropriate coincidence of the reduced 

physiological reserves in the elderly, their higher frequency of 

concomitant comorbidity and the time constraints associated 

with emergency surgery which precludes detailed medical 

workup and intervention. 
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Table 13  

 

Postoperative data for 2,157 Danish patients undergoing emergency 

surgery for colonic cancer, May 2001 - December 2005 and univariate 

analysis of factors associated with postoperative mortality (VIII). 

 

Variable No. of 

patients 

(%) 

 

No. of 

deaths 

within 30 

days after 

surgery 

(%) 

P 

Surgical complications 

    Total
1
 

    Afterbleeds requiring    

    surgery 

    Wound dehiscence
2
     

    Anastomotic leak    

    requiring surgery
3
 

    Anastomotic leak,    

    conservative treat 

    ment
3
 

    Intestinal obstruction 

    requiring surgery
2
 

    Stoma complications  

    requiring surgery
4
 

    Wound abscess
2 

 

 

441  (20.5) 

19  (0.9) 

 

106  (4.9) 

73  (6.3) 

 

12  (1.0) 

 

 

26  (1.3) 

 

42  (5.1) 

 

146  (7.1) 

 

89  (20.8) 

7  (36.8) 

 

18  (17.0) 

18  (24.7) 

 

5  (41.7) 

 

 

8  (30.8) 

 

7  (20.0) 

 

17  (11.6) 

0.283 

Medical complications 

    Total
1
    

    Apoplexy     

    Myocardial infarction   

    or heart failure  

    Pneumonia  

    Aspiration  

    Artificial respiration 

    Sepsis    

    Need for dialysis 

    Pulmonary embolism     

 

526  (24.4) 

28  (1.3) 

180  (8.4) 

 

159  (7.4) 

31  (1.4) 

132  (6.1) 

160  (7.4) 

44  (2.0) 

17  (0.8) 

 

304  (57.8) 

14  (50.0) 

128  (71.1) 

 

52  (32.7) 

20  (64.5) 

75  (56.8) 

108  (67.5) 

30  (68.2) 

11  (64.7) 

<0.0001 

Other complications 

    Unspecified 

 

21  (1.0) 

 

12 (57.1) 

<0.0001 

Only postoperative complications occurring in (a) at least 5% of patients 

or (b) at least 1% of patients combined with a 30-day mortality rate >25% 

are shown. 
1
Including 111 patients who had surgical as well as medical complications. 

2
Among 2,066 patients having a laparotomy. 

3 
Among 1,167 patients 

having right or extended right hemicolectomy, transverse colectomy, left 

hemicolectomy, sigmoid colectomy or colectomy with an ileorectal anas-

tomosis. 
4 

Among 822 patients having a stoma, i.e., Hartmann’s proce-

dure, colectomy + stoma, palliative stoma or a defunctioning loop-stoma. 

 

 

Mortality increased significantly by the number of complications 

(VIII). A population-based US study on surgery for different condi-

tions including colonic resections described how various medical 

complications multiply the risk of postoperative death (186). The 

authors also reported that even a mild first complication like 

pneumonia may multiply the risk of death by a factor of five and 

that the risk was equal for healthy patients and frail, high-risk 

patients, although the latter were at increased risk of developing 

a complication. These findings underscore the importance of 

preventing even mild complications.  

 

 

 

Table 14  

 

Multivariate analysis of factors associated with 30-day mortality after 

emergency surgery for colonic cancer in Denmark, May 2001 - December 

2005 (VIII). 

 

Variable Odds ratio 

(95% c.i.) 

P 

Age (years) 

    ≤50 

    51-60 

    61-70 

    71-80 

    81-90 

    ≥91 

 

1 

0.7  (0.2-2.1) 

1.3  (0.5-3.4) 

2.9  (1.2-7.4) 

4.7  (1.9-12.1) 

10.3  (3.6-29.5) 

<0.0001 

Gender 

    Male 

    Female 

 

1 

0.8  (0.6-1.0) 

0.048 

ASA Grade 

    I+II 

    III 

    ≥IV 

 

1 

1.9  (1.4-2.5) 

2.9  (2.0-4.3) 

<0.0001 

Outcome of surgery 

    Curative 

    Palliative 

    Not determinable  

    Missing
1
 

 

1 

2.3  (1.7-3.2) 

1.1  (0.5-2.1) 

7.6  (1.4-41.8) 

<0.0001 

 

 

Surgical procedure 

    Right hemicolectomy
2
 

    Left hemicolectomy 

    Sigmoid colectomy 

    Hartmann’s procedure 

    Colectomy + IRA
3
 

    Colectomy + ileostomy 

    Palliative surgery
4
 

    Other 

 

1 

0.9  (0.5-1.7) 

1.6  (0.9-2.8) 

0.6  (0.4-0.9) 

1.1  (0.5-2.3) 

1.2  (0.7-2.0) 

1.7  (1.0-2.9) 

1.3  (0.8-2.1) 

0.024 

Tumour perforation 

    No or encapsulated 

    Free 

    Iatrogenic 

 

1 

2.1  (1.4-3.0) 

2.4  (1.0-5.9) 

0.0004 

Resection of organs 

    None 

    Spleen     

 

1 

2.4  (1.0-5.4) 

0.039 

 

Intraoperative adverse 

events 

    None 

    Surgical
5
 

 

1 

2.3  (1.2-4.4) 

0.011 

 

Postoperative complications 

    None 

    Medical 

 

1 

11.7  (8.8-15.5) 

<0.0001 

 

1 
n = 27 

2 
Right and extended right hemicolectomy and transverse colec-

tomy. 
3 

IRA: ileorectal anastomosis. 
4
 Palliative stenting, palliative stoma, 

laparotomy only and local treatment. 
5
Injury to the spleen, lesion of small 

bowel/colon and other surgical adverse events. 

 

An unexpected finding in the Danish study (VIII) was that resec-

tion of neighbouring organs other than the spleen was not associ-

ated with an increased mortality risk. Resection of the spleen may 

reflect the performance of the surgeon rather than the complex-

ity of the disease. More than one third of the patients underwent 

palliative surgery which doubled their risk of death within 30 

days.  
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Thus, to increase the curative resection rate in emergency surgery 

and thus lower the postoperative mortality rate, surgeons should 

attempt to perform en bloc resection of locally advanced tumours 

adherent or fixed to for instance the abdominal wall, uterus, small 

bowel, etc. 

 

6.1.7. Self-expanding metallic stents for acute bowel obstruction 

About 14% of Danish colorectal patients present as surgical emer-

gencies mainly because of acute bowel obstruction (VIII). Conven-

tional therapy for relieving malignant bowel obstruction includes 

emergency surgery, e.g., resection, stoma formation, etc. Emer-

gency surgery is associated with inferior short-term outcome, 

Section 6.1.6. An alternative approach for relief of bowel obstruc-

tion is SEMS insertion. After its first description in 1991 by Doh-

moto (54), numerous publications have reported high technical 

and short-term clinical success rates of SEMS placement as sum-

marized in recent reviews (187-189). Using meta-analytical tech-

niques to analyse studies comparing outcome between SEMS 

placement and surgery for acute colorectal cancer obstruction (n 

= 8), data favoured the stented patients in terms of fewer post-

procedural medical complications and lower post-procedural 

mortality (190). However, the review is flawed by lack of match-

ing in the studies analyzed. 

When SEMS placement is performed on the indication acute 

bowel obstruction, some patients, i.e. those with potentially 

curable disease, may afterwards undergo elective resection as 

bridge to surgery. In those patients who appeared to be incurable 

after diagnostic work-up, the SEMS may serve as a definitive 

palliative procedure. Awareness of the SEMS modality has re-

cently been spurred by reports on stent-related bowel perfora-

tion (191,192). A Dutch randomized trial comparing stenting with 

surgery for incurable left-sided malignant bowel obstruction was 

even stopped prematurely because of an unacceptably high per-

foration rate in the stented group (193). Stent-related perforation 

may occur early during the SEMS procedure or within few days or 

perforations may be late, i.e., occurring ≥30 days after SEMS 

placement. Besides predilatation of the bowel obstruction, the 

reason for these perforations remains unknown. Yet, concern has 

centred on specific types of stents and concomitant chemother-

apy (191,194,195).   

To date, three Danish single-centre studies have been carried out 

on the short-term outcome of SEMS for acute malignant colorec-

tal obstruction (196,197) (IX), Table 15.  

One study included only the subgroup of patients with potentially 

curable colorectal cancer (IX). All studies were based on retro-

spective reviews of medical records, but patients were registered 

consecutively in one study (196). The outcome data are not fully 

comparable, among others because of the use of different defini-

tions of clinical success, unknown follow-up time for perforation, 

etc. The technical and clinical success rates were quite similar to 

those reported in recent reviews (187-189). The difference in the 

proportions of patients who had SEMS as bridge to surgery re-

flects the heterogeneity of patients only. 

The 12% perforation rate in the study of Iversen was rather high 

(IX). One of the four perforations was a blow-out in the caecum, 

while three were tumour perforations occurring 0, 5, and 17 days, 

respectively, after SEMS insertion. Emergency surgery was 

needed among 15% of the patients, including all four patients 

with perforation and one patient with insufficient relief of ob-

structive symptoms even after a second SEMS attempt. Three of 

the five patients who needed acute surgery developed medical 

complications (sepsis, prolonged fever and prolonged recovery 

because of poor general condition), while three of the 29 patients 

who underwent elective resection developed minor postopera-

tive complications (wound infection and urinary tract infection). 

Defined as mortality within 30 days after the SEMS attempt and 

surgery, the cumulative 30-day mortality was 3%; only the patient 

with blow-out perforation passed away. Pommergaard reported 

one fatal event after a perforation with a similar mortality rate 

although the follow-up time was not reported (197). In contrast, 

Bertelsen reported a cumulative 30-day mortality rate after SEMS 

and resection of 17% (196). However, the study included patients 

from the early beginning after SEMS implementation at the de-

partment reflecting that the surgeons were in the first phase of 

their learning curves (196). 

 

Table 15  

 

Short-term outcome after SEMS in acute malignant colorectal obstruc-

tion based on Danish studies and a recent review 

 

 Bertel-

sen 

(196) 

n = 56 

Pom-

mer-

gaard 

(197) 

n = 38 

Iversen 
I
 

(IX) 

n = 34 

Review of 

Watt 

(189) 

median 

(range) 

Study period 1997-

2004 

2002-

2007 

2004-

2007 

 

Technical suc-

cess  

88% 97% 100% 96  

(67-100)% 

Clinical success  75% 97% 
II
 88% 92  

(46-100)% 

Perforation 2% 
III

 5% 12% 5 (0-83)% 

30-day mortality 

after SEMS 

NA 3% 0% NA 

Elective bridge 

to surgery 

52% 24% 85% NA 

Cumulative 30-

day mortality 

after SEMS and 

surgery 

17% ? 3% NA 

I 
Including only patients with potentially curable colorectal cancer. 

II
 An-

other definition of clinical success was used, patients who had emergency 

surgery for perforation were not included.  
III

 Stent perforation reported 

as 2% in the Paper. However, perforation caused by the guidewire = 2% 

was not included. The perforation rate was calculated among the entire 

study group (n = 141) although all perforations were reported in the 

subgroup of patients (n= 56) with acute obstruction only. 

 

Even so, mortality after SEMS and surgery is much lower than the 

21% mortality rate observed after emergency surgery for colonic 

obstruction in Denmark (VIII), thus supporting the beneficial 

effect of SEMS in acute bowel obstruction. In a short-term per-

spective, the survival benefit of SEMS insertion seems even more 

obvious in acute patients having SEMS as palliation because the 

30-day mortality after emergency surgery with palliative outcome 

is 30% in Denmark (VIII). This discrepancy is noteworthy, espe-

cially in patients with a short life-expectancy. The perforation 

rate, however, requires further attention as perforation is the 

main contributor to mortality (188). 

While the short-term outcome of SEMS as bridge to surgery or as 

definitive palliation seems promising, concerns have been ex-

pressed regarding the safety and efficacy of SEMS in a long-term 

perspective. The concerns relate to the oncological outcome in 

patients having SEMS as bridge to surgery, which is described in 

Section 6.2.6., and the occurrence of late complications requiring 
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re-intervention in patients on palliative chemotherapy  

(191,194,195). Decision-making about treatment is particularly 

challenging in patients with incurable obstruction not presenting 

acutely in whom the consequences of late complications like 

perforation, migration and re-obstruction caused by tumour in-

growth or overgrowth, and faecal impaction should be consid-

ered. The increasing efficacy of palliative chemotherapy prolongs 

the life of such patients. Thus, the time requirements for stent 

patency also increase. However, numerous (retrospective) single-

centre studies have reported comparable long-term results of 

SEMS and surgery in incurable colorectal cancer (198-200). Never-

theless, the SEMS modality in patients with non-acute incurable 

obstruction needs further evaluation regarding its long-term 

outcome. 

 

 

6.2. LONG-TERM SURVIVAL FROM COLORECTAL CANER 

6.2.1. Overall  

Long-term survival from colonic and rectal cancer in Denmark has 

been rising steadily for more than 30 years (I, II) (201,202). From 

the period 1977-1982 to the period 1995-1999, the 5-year rela-

tive survival improved by 9% in both colonic and rectal cancer 

according to data from the Danish Cancer Registry (I), Table 16.  

 

Table 16  

 

5-year relative survival of 69,562 Danish colorectal cancer patients 

according to tumour site, 1977-1999 (% (95% CI)) 

 

The improvement was mainly seen within the first 6 months after 

diagnosis after which the survival curves for the different time 

periods became almost parallel (I). The oncological effect of colo-

rectal cancer surgery is not expected to manifest itself until after 

1-3 years. We therefore cannot conclude that a significant im-

provement of the oncological treatment succeeded in the period 

investigated here. Actually, surgery which is the main oncological 

treatment modality in colorectal cancer was not refined in the 

period 1977-1999, apart from the introduction of the TME tech-

nique in rectal cancer in the late 1990s. 

The most recent survival analyses from the Danish Cancer Regis-

try revealed a further survival improvement in the period 2004-

2006: The 5-year relative survival from colonic cancer for men 

and women rose to 52% (95% CI 51-54) and 57% (95% CI 55-58), 

respectively, and from rectal cancer to 55% (95% CI 53-57) and 

57% (95% CI 55-59), respectively (202).  

 

Thus, the overall 5-year relative survival has increased markedly 

from the early 1990s to the mid 2000s with a yearly increase of 

0.5-1% from 1977-1999, irrespective of tumour site. A similar 

increase was seen for colonic cancer from 1995-1997 to 2004-

2006 - a period in which the 5-year survival from rectal cancer 

increased even more. 

The impact of the National Cancer Plan on colorectal cancer sur-

vival has been analysed on the basis of data from the hospital 

discharge registries (II) and the Danish Cancer Registry (202,203). 

Analyses based on the former showed that the 1-year crude 

survival from colonic cancer remained constant at 65% from 

1995-1999 to 2000-2004, while the 1-year crude survival from 

rectal cancer rose from 71% to 74% (II). A similar pattern was 

seen when data were corrected for age and gender. The most 

recent analyses based on data from the hospital discharge regis-

tries, however, reveal an increase in the 1-year crude survival 

from colonic cancer to 69% in 2004-2006 and 70% in 2007-2009, 

whereas the 1-year crude survival from rectal cancer has in-

creased even more to 76% in 2004-2006 and 78% in 2007-2009 

(204). These unadjusted analyses also showed a minor increase in 

the 5-year crude survival from colonic cancer from 40% in 2001-

2003 to 43% in 2004-2006 with no further increase in 2007-2009; 

the latter two figures were predicted (204). The corresponding 

figures for rectal cancer were 2001-2003 43%, 2004-2006 46% 

and 2007-2009 47%. Storm et al compared the age-adjusted, 

gender-specific relative survival from 1998-2000 to 2001-2003 

and reported increasing 1-year figures for rectal cancer only,  

although the 3-year relative survival from colonic cancer in 

women also improved from 55% to 61% (203). In Storm’s et al 

most recent analyses, no further improvements in 1-year relative 

survival from colonic or rectal cancer were observed when the 

period 2001-2003 period was compared with the 2004-2006 

period; nor did they observe any major improvement in 5-year 

survival (202).  

Women continued to have a long-term survival advantage of 

about 3-5% in absolute figures (I). A more favourable outcome for 

women has also been observed in Sweden (205) and Scotland 

(206), though the opposite has been reported for colonic cancer 

in Norvway (207). For numerous other cancer sites, survival is 

higher in women than in men (208).The relationship between 

gender and outcome is not clear. Differences in mode of presen-

tation, stage distribution, tumour site, socioeconomic status, 

alcohol and tobacco consumption, comorbidity and use of sex 

steroids are some of the factors suggested to explain the gender 

difference in outcome (208,209). 

The survival improvements in Denmark were most pronounced 

for rectal cancer. Bülow has recently reported a substantial in-

crease in survival among Danish rectal cancer patients registered 

in the DCCG database (110). Bülow used periodic monitoring and 

found that the 5-year relative survival rates were 46% in 1994 and 

estimated that the rates would reach 62% in 2006. Interestingly, 

survival from rectal cancer in Denmark has in the 2000s just sur-

passed that of colonic cancer (202,204). A similar trend has been 

reported by the Swedish Cancer Registry based on 5-year relative 

survival from 1995-1999: colonic cancer 57.2% and rectal cancer 

57.6% (205), but also by the Norwegian Cancer Registry (210) and 

for southern Netherlands (134) and Scotland (206). The beneficial 

regimen of preoperative radiotherapy and TME surgery in pa-

tients with resectable rectal cancer was introduced in a few hos-

pitals in Sweden in the early 1990s. It was implemented nation-

wide in 1995 which was about 5 years before its introduction in 

Denmark. This approach also meant that surgery was being per-

formed by fewer, better trained surgeons. Other beneficial 

treatment-related changes, such as preoperative MRI, decision-

making in MDT, etc., have been implemented among others in 

Sweden and Norway. They have produced significant improve-

ment in rectal cancer survival in these countries (211-213) as well 

as in Denmark (110). 

The survival differences between Denmark and the other Nordic 

countries remain striking. Survival rates for Danish patients diag-

nosed in 1990-1994 was in line with those reported for Eastern 

Year of 

diagnosis 

1977-1982 1983-1988 1989-1994 1995-1999 

Colon 38.1 

(37.0-39.3) 

40.7 

(39.6-41.8) 

44.7 

(43.6-45.9) 

46.9 

(45.3-48.5) 

Rectum 37.3 

(35.9-38.8) 

39.6 

(38.2-41.1) 

42.8 

(41.3-44.3) 

46.6 

(44.4-48.8) 
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Europe and the UK (214). Recent 5-year relative survival rates are 

available from the NORDCAN database for patients diagnosed in 

1999-2003. Survival in this most recent period was calculated 

using the hybrid analysis methods by which country-specific 

mortality was used to calculate expected survival, Table 17. The 

Danish figures were 6-10% lower in absolute figures than all 

figures from Norway, Sweden and Finland. Comparing the survival 

figures with those of the period 1989-1993, no conspicuous large-

scale differences in absolute increases in percentage points across 

the Nordic countries, including Denmark, were observed. How-

ever, survival from colonic cancer improved at bit more in Finland 

as did survival from rectal cancer in Denmark and Finland, Table 

17. The survival deficit in Denmark is confirmed by the most 

recent relative survival estimates in Denmark, Norway, Sweden, 

UK, Canada and Australia calculated by the International Cancer 

Benchmarking Partnership based on patients diagnosed during 

1997-2007 and registered in population-based cancer registries 

(215). 

  

Thus, the inferior prognosis of rectal cancer in Denmark as com-

pared with the rest of the North seems to be shrinking marginally. 

For colonic cancer, Denmark is not doing more badly than the 

other countries. 

The reasons for this survival variation in the North have been 

studied using sophisticated analyses of data from NORDCAN in 

which the age-adjusted excess mortality was calculated. In 2007, 

Engholm demonstrated that Danish colorectal cancer patients 

have a higher excess mortality during the first 6 months after 

diagnosis than patients in Norway, Sweden and Finland (77). A 

similar finding was reported by the EUROCARE study in 1995 for 

colon cancer (1) and, recently, for rectal cancer by Folkesson 

(114) who also observed a different the stage distribution be-

tween countries and, after adjusting for stage, the excess mortal-

ity among Danes disappeared after 6 months. This observation 

parallels our findings of at least twice as high 30-day mortality 

rates in Denmark as in those other countries. In line with this, 

Morris et al. (217) have just published the results of a comparison 

of survival from colorectal cancer in England, Norway and Swe-

den. They reported that the inferior survival from colonic cancer 

in England was due to excess mortality in the first 3 months, 

especially among the elderly. In rectal cancer, the excess mortal-

ity remained until 2 years after diagnosis. The authors suggested 

that this may be indicative of suboptimal perioperative care. 

 

Thus, to improve long-term survival, Denmark ought to focus on 

reducing the high postoperative mortality. Interestingly, based on 

a French population-based study, Mitry calculated that a reduc-

tion of the 30-day mortality from 18% to 8% had led to a relative 

improvement in the 5-year survival of 27.5% (116).  

 

6.2.2. Elderly patients  

It is well-established that crude survival from colorectal cancer 

declines with increasing age (118,138), which is very apparent 

among the elderly aged >75 years (96,132,133,204). Crude sur-

vival may not be an appropriate measure of outcome because life 

expectancy decreases with advancing age. Cancer-specific survival 

would be a more appropriate measure. In fact, cancer-specific 

survival has consistently been reported to be similar among eld-

erly and their younger counterparts (131,146,218,219). In Swe-

den, a lower cancer-specific survival among elderly patients aged 

>80 years has been reported, although the observation may be 

biased by improper information on the cause of death that en-

tailed an overestimation of cancer deaths in the elderly (132). 

However, the relationship between age and outcome is complex 

and may be confounded by differences in stage, tumour site, 

comorbidity and type of treatment, among others (220). 

The Danish 5-year relative survival estimates for the period 1995-

1999 are shown in Table 18; the relative survival of those aged 

>80 years was lower than that of younger patients (III). However, 

the elderly aged >75 years, in particular, had experienced a 

marked 13-16% increase in relative survival from the period 1977-

1982 to the period 1995-1999 as compared to 7% among their 

younger counterparts. These improvements in survival were 

accompanied by an increasing rate of curative surgery and de-

creasing 30-day mortality among the elderly (III).  

 
Table 18  

 

Relative survival of 69,562 Danish colorectal cancer patients by age, 

1995-1999  (% (95% CI)) 

 

 

Age group ≤ 60 61-75 76-80 81-85 86+ 

Relative 5-year 

survival 

49 

(46-

51) 

47 

(46-

49) 

47 

(43-

50) 

43 

(39-

48) 

39 

(33-

45) 

 

 

Thus, although survival from colorectal cancer remains age-

related with declining survival with advancing age, the gap be-

tween survival of younger and elderly patients has decreased 

markedly.  

 

Table 17  

 

5-year age-standardised relative survival of colonic and anorectal and anal cancer patients according to tumour site based on data from NORD-

CAN, 1999-2003 (% (95% CI)) and absolute increases (percentage points) since 1989-1993 (216) 

 

  Denmark Norway Sweden Finland 

Colon Men 

Women 

49  (47-50) 

52  (51-53) 

+6% 

+6% 

55  (54-57) 

59  (57-60) 

+6% 

+6% 

56  (55-57) 

60  (59-61) 

+4% 

+6% 

59  (57-61) 

62  (61-64) 

+8% 

+9% 

Rectum+ 

anus 

Men 

Women 

49  (48-51) 

53  (51-54) 

+8% 

+10% 

57  (56-59) 

63  (61-65) 

+9% 

+6% 

57  (56-58) 

62  (61-64) 

+6% 

+7% 

57  (55-59) 

60  (58-62) 

+11% 

+10% 
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Figure 7  

Temporal trends in relative survival of elderly colorectal cancer pa-

tients aged >76 years and 61-75 years, 1977-1997 

 

 
 

 

 

 

 

n = 12,181 patients aged 76-80 years 

 

n = 9,283 patients aged 81-85 years 

 

 

 

n = 6,428 patients aged 86+ years  

 

 

n = 29,898 patients aged 61-75 years 

 

The temporal trends in relative survival among the elderly and 

those aged 61-75 years are depicted in Figure 7. A comparison of 

the survival curves reveals that mortality from colorectal cancer, 

as compared to other causes, was excessive in the elderly during 

the first two years, after which this over-mortality levelled off. 

Similar trends appear in recent relative survival curves for colonic 

and rectal cancer patients aged ≥70 years from the Netherlands 

(134). Danish patients aged >75 years had a slightly lower relative 

survival from colorectal cancer two or more years after diagnosis 

than did their younger counterparts. Competing causes of death 

in the elderly probably contribute to this finding. On the other 

hand, survival from colorectal cancer in elderly patients was fair if 

they survived the first two years, particular the first six months. 

This finding is consistent with a review of population-based stud-

ies that concluded that those elderly who survive the first year 

have a prognosis similar to that of younger patients (145). In line 

with the Danish results, the EUROCARE study (118) reported that 

survival differences between younger and older patients were 

larger one than five years after diagnosis. In that study, however, 

cancer stage at presentation was suggested to be the main factor 

contributing to excess mortality. The most recent EUROCARE-4 

study (221) noticed that the gap between the relative survival 

from colonic cancer in middle-aged (55-69 years) and elderly 

patients (70-84 years) widened in the period 1988-1999 because 

survival improved more among the former; this observation 

conflicts with the Danish results. 

Conflicting results on outcome of TME surgery for rectal cancer in 

elderly have emerged (96,140). A Norwegian study reported no 

difference in the relative survival of elderly rectal cancer patients 

treated with a curative intent and their younger counterparts. 

The authors concluded that selected elderly may benefit from 

TME surgery without radiotherapy (96). In Sweden, the 5-year 

relative survival from rectal cancer was slightly lower among 

elderly aged ≥75 years than among their younger counterparts, 

64% vs. 68%, respectively, (133). Although the Swedish elderly 

who had abminoperineal excision received preoperative radio-

therapy less frequently, 47% vs. 82%, their rate of local recur-

rence was comparable to that of the younger patients. The lower 

rate of radiotherapy could therefore not entirely explain their 

inferior survival. Results from the Dutch TME study on highly 
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selected elderly patients showed, however, that the addition of 

short-course radiotherapy to TME surgery was associated with 

improved cancer-specific survival, but not with overall survival. 

This latter was ascribed to an increase in non-cancer-related 

mortality, especially within the first 6 months (140). However, 

analysis of the Ducth rectal cancer patients from the most recent 

years (i.e., data up until 2006) contradicts the observation of no 

increase in overall survial: a modest improvement has now been 

observed in the 5-year relative survival of also elderly rectal can-

cer patients in the Netherlands (134). 

The beneficial effect of adjuvant chemotherapy for resected 

colonic cancer in patients ≥70 years finds support in reviewed 

reports (222,223) and in the fact that elderly enjoy the same 

potential gains from palliative chemotherapy as their younger 

counterparts. However, the evidence concerning toxicity remains 

inconclusive (223). The proportion of elderly in Denmark receiving 

adjuvant and palliative chemotherapy has not yet been reported. 

However, in the Netherlands, this proportion is extremely low, 

but rising (224): Only 5% of the elderly aged ≥80 years received 

adjuvant chemotherapy and 10% received palliative chemother-

apy in 2005-2007 in the southern part of the Netherlands (134). 

Dutch national data on colonic cancer patients aged ≥75 years 

diagnosed in 2004-2006 reveal the use of adjuvant chemotherapy 

among 19% of stage III patients and among 40% of stage IV pa-

tients (224). 

 

6.2.3. The impact of comorbidity   

Comorbidity adversely impacts long-term survival among Danish 

colorectal cancer patients (VI).  As shown in Table 19, the overall 

1-year survival from colonic and rectal cancer decreased by an 

increasing Charlson Comorbidity score for every 3-year period 

during the study period from 1995 to 2006. Similarly, the 5-year 

survival from colonic cancer in 1998-2000 was 43% in non-

comorbid patients and 20% in patients with severe comorbidity. 

The corresponding figures in rectal cancer were 46% vs. 21%. The 

mortality rate ratios (MRR) (i.e., hazard ratios computed by re-

gression analysis where mortality rates are compared among the 

comorbidity groups and adjusted for age, gender, time period and 

treatment policy) confirmed the negative impact of comorbidity 

on survival, Table 19. Comorbidity had an even stronger impact in 

rectal cancer than in colonic cancer as revealed by higher MRRs in 

rectal cancer. In the period 2004-2006, the risk of dying within 1 

year among rectal cancer patients with severe comorbidity was 

about trice that of non-comorbid patients. Increasing MRRs by 

increasing comorbidity was also observed in the subgroup of 

patients who underwent the most aggressive treatment, i.e., 

resection.  

 

Thus, the poorer outcome among comorbid patients could not be 

caused only by the use of suboptimal treatment. In other words, 

mortality may be attributed to comorbidity in a majority of co-

morbid colorectal cancer patients.  

Multivariate analysis of the causes of death in colorectal cancer 

patients has shown that patients with a Charlson Comorbidity 

score 3+ had almost a four-fold increased risk of dying of non-

cancer-related causes compared with patients with a Charlson 

Comorbidity score 0-2 (225). 

On the other hand, a large fraction of patients with severe co-

morbidity may die with, rather than from, their colorectal cancer 

due to the low surgical resection rate among Danish patients with 

severe comorbidity, Section 6.1.3. Similarly, US population-based 

studies have concluded that comorbidity has a stronger effect on  

survival among patients with early-stage cancer, i.e., longer life 

expectancy, than on patients with late-stage disease (226,227). 

The Danish results with decreasing long-term survival by increas-

ing level of comorbidity are in line with findings from other popu-

lations. A number of studies have thus concluded that comorbid-

ity has an independent adverse effect on survival after 

adjustment for age, sex, tumour stage, choice of treatment and 

deprivation, among others (121,148,149,227-229). Social inequal-

ity in survival has been documented among Danish colorectal 

cancer patients, i.e., patients with a low SES have a poorer sur-

Table 19  

 

Overall survival and adjusted relative mortality rates for 13,190 patients with colonic and rectal cancer from 1995 through 2006 

 
1
Adjusted for age, gender, time, and treatment policy 

 

 

Year of  diagnosis 1995-1997 1998-2000 2001-2003 2004-2006 

Colonic cancer 

    1-year overall survival (95% CI) 

        Charlson score 0 

        Charlson score 1-2 

        Charlson score 3+ 

 

 

69% (66-71%) 

60% (55-64%) 

53% (43-61%) 

 

 

70% (68-73%) 

62% (58-66%) 

51% (43-59%) 

 

 

75% (72-77%) 

63% (59-66%) 

44% (37-51%) 

 

 

75% (73-78%) 

69% (65-72%) 

58% (51-65%) 

    1-year relative mortality rate
1
 (95% CI) 

        Charlson score 0 

        Charlson score 1-2 

        Charlson score 3+ 

 

1 (reference) 

1.3  (1.1-1.5) 

1.7  (1.3-2.3) 

 

1 (reference) 

1.2  (1.0-1.4) 

1.9  (1.5-2.4) 

 

1 (reference) 

1.5  (1.2-1.8) 

2.5  (2.0-3.2) 

 

1 (reference) 

1.2  (1.0-1.5) 

1.8  (1.4-2.3) 

Rectal cancer 

    1-year overall survival (95% CI) 

        Charlson score 0 

        Charlson score 1-2 

        Charlson score 3+ 

 

 

75% (72-78%) 

65% (60-70%) 

50% (37-61%) 

 

 

78% (75-81%) 

67% (61-71%) 

54% (44-64%) 

 

 

81% (78-84%) 

69% (64-74%) 

47% (37-57%) 

 

 

83% (80-86%) 

71% (66-76%) 

50% (39-59%) 

    1-year relative mortality rate
1
 (95% CI) 

        Charlson score 0 

        Charlson score 1-2 

        Charlson score 3+ 

 

1 (reference) 

1.4  (1.1-1.8) 

2.2  (1.5-3.2) 

 

1 (reference) 

1.5  (1.2-1.9) 

2.3  (1.7-3.3) 

 

1 (reference) 

1.6  (1.3-2.1) 

3.1  (2.3-4.2) 

 

1 (reference) 

1.5  (1.1-2.0) 

3.2  (2.3-4.4) 
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vival than patients with a high SES. However, this socioeconomic 

difference was mainly attributed to differences in comorbidity 

level, and to some extent also to lifestyle (230).  

 

Thus, comorbidity impacts survival heavily. 

The mechanism through which colorectal cancer survival is af-

fected by comorbidity seems to be complex. Lemmens et al. 

reported that cardiovascular disease, chronic obstructive pulmo-

nary disease (COPD) and the combination of hypertension and 

diabetes were associated with worse survival from colorectal 

cancer (148). A more recent study on patients who had resec-

tional surgery only found that cardiovascular disease, COPD and 

diabetes all had an independent prognostic effects on the overall 

survival from colonic cancer. However, cardiovascular disease and 

COPD had an independent prognostic effect on survival from 

rectal cancer (149). Furthermore, congestive heart failure, cere-

brovascular disease, dementia, hemi/paraplegia, renal disease 

and moderate or severe liver disease have all been found to be 

associated with an increased risk of death within the first year 

after the cancer diagnosis (229). Some combinations of comorbid-

ity, such as diabetes mellitus and congestive heart failure, have 

been shown to affect survival more than others, such as diabetes 

and COPD (228).  

Another reason for the observed disparity in survival between 

comorbid and non-comorbid patients lies in the differences in 

treatments offered as described in Section 6.1.3. However, data 

are conflicting and probably influenced by selection bias: comor-

bid patients in good performance are more likely to receive a 

treatment offer and to receive treatment than patients displaying 

more inferior performance. Concerning adjuvant chemotherapy 

in stage III colonic cancer, patients with (severe) comorbidity have 

been found to suffer less excess overall mortality if they were 

offered chemotherapy (150,231). However, comorbidity has also 

been reported to worsen cancer survival independently of cancer 

treatment and, suboptimal cancer treatment thus cannot (fully) 

account for the observed differences in survival between patients 

with and without comorbidity (149,228).  

 

6.2.4. Caseload and surgical speciality 

The literature overwhelmingly reports a volume-specialty-

outcome relationship regarding survival in complex surgical on-

cology such as pancreaticoduodenectomy (164,165) and 

oesphageal resection (165). Data on colonic and rectal cancer 

surgery have been more inconsistent. 

 

 

 
Table 20  

 

Strength of evidence for an association between selected variables and 

survival 

 
I 
Based on one study.

 II
 Based on two studies. 

III
 Based on studies not 

stratified for tumour origin. NA: not applicable 

A review of the literature from 1992 through June 2004 on stud-

ies including at least 500 patients reporting the long-term out-

come of surgery for colorectal cancer identified 34 studies (V). 

The interpretation of the association between the volume-

specialty variables and overall survival for colonic cancer, rectal 

cancer and colorectal cancer combined based on these studies is 

listed in Table 20 (V).  

A high hospital caseload was significantly associated with im-

proved overall survival from colonic cancer, OR 1.22 (1.16 -1.28), 

and from rectal cancer, OR 1.38 (1.19 -1.60), Figure 9. 

In case-mix-adjusted analysis, surgeon caseload was not signifi-

cantly associated with overall survival from colonic cancer in 

contrast to the unadjusted analyses as shown in Figure 10. How-

ever, the cut-points for low and high caseload were extremely 

low, <2 operations per year vs. >4 operations per year (232). 

Similarly, in the rectal cancer studies, very low cut-points for 

surgeon caseload were used. 

Studies on surgeons’ education were too heterogeneous to allow 

a meta-analysis. However, for all three groups, i.e., colonic can-

cer, rectal cancer and colorectal cancer combined,  specialists 

outperformed non-specialists and sub-specialists like colorectal 

surgeons outperformed  general surgeons by achieving better 

overall survival (and cancer-free survival) of their patients.  

Thus, long-term survival from colonic and rectal cancer improved 

significantly with increasing hospital caseload and the surgeon’s 

education. 

The review failed to find a positive effect of surgeon caseload on 

survival, which contradicts observations in other technically chal-

lenging surgical procedures such as coronary artery bypass graft-

ing (165). Besides the methodological problems due to unrealisti-

cally low cut-points for surgeon caseload, it must be emphasized 

that a high hospital caseload may be a proxy for other factors that 

significantly influence outcome, such as assistance from other 

specialities, clinical decision-making in multidisciplinary teams, 

feedback on treatment and training exercise, among others. 

Furthermore, the variability in outcome may be rooted in surgeon 

training and experience and not in surgeon caseload. Because of 

their acquired knowledge and technical skill in addition to their 

collective team spirit, sub-specialized surgeons who are likely to 

be employed at high-volume hospitals may not need a high 

caseload themselves to maintain good long-term survival of their 

patients.  

All these factors, i.e., hospital caseload, surgeon caseload, as well 

as surgeon specialty and experience, interact in the volume-

specialty-outcome relationship. The interaction between hospital 

caseload and surgeon caseload is complex and its effect may 

depend on the outcome of interest. For instance, hospital 

caseload may affect surgeon outcome such as postoperative 

mortality because of the associated hospital infrastructure, as 

described in Section 6.1.5. Thus, any postoperative complications 

can usually be managed at the expert level in high-volume hospi-

tals; and rectal cancer surgeons are usually specialized, work in 

hospitals with a high caseload, have high caseload themselves 

and are more experienced. Surgeon caseload and specialization 

Survival 

(No. of studies) 

Hospital caseload Surgeon’s caseload Surgeon’s education Surgeon’s experience Type of hospital 

Colonic cancer, n = 8 Strong No 
I
 Strong 

II
 NA WeakI 

Rectal cancer, n = 12 Strong No Strong 
I
 Strong 

I
 Weak 

Colorectal cancer
III

, n 

= 10 

Weak No Strong No
 I
 No 

I
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may therefore affect hospital outcome such as survival from 

rectal cancer simply because of the surgeon’s own dedicated 

interest in the field. The simultaneous effect of the hospital’s and 

the surgeon’s caseload has been examined in rectal cancer. It 

appeared that variation in outcome was attributable more to 

surgeon caseload than to hospital caseload (233).  

Several recent reviews confirm the positive volume-outcome 

associations, Table 20 (166-168), although that of Gruen (167) did 

not document a relationship between hospital caseload and 

survival from rectal cancer. A recent review of rectal cancer stud-

Study  High caseload  Low caseload  OR (random)  Weight  OR (random)

or sub-category  n/N  n/N  95% CI  %  95% CI

01 Colon cancer

 Schrag 2000 (4)         3520/7097          3091/6837       39.31      1.19 [1.12, 1.27]        

 Mey erhardt 2003 (5)      709/1053           670/1050       22.77      1.17 [0.98, 1.40]        

 Schrag 2003 (12)        4190/5977          3931/6066       37.92      1.27 [1.18, 1.37]        

Subtotal (95% CI) 14127              13953 100.00      1.22 [1.16, 1.28]

Total ev ents: 8419 (High caseload), 7692 (Low caseload)

Test f or heterogeneity : Chi² = 1.87, df  = 2 (P = 0.39), I² = 0%

Test f or overall ef f ect: Z = 8.14 (P < 0.00001)

02 Rectal cancer

 Holm 1997 (18)           414/776             74/158         9.23      1.30 [0.92, 1.83]        

 Simons 1997 (20)         661/1183           339/823        21.04      1.81 [1.51, 2.16]        

 Stocchi 2001 (22)        185/319             51/87          5.27      0.97 [0.60, 1.58]        

 Schrag 2002 (23)         523/707            371/545        14.77      1.33 [1.04, 1.71]        

 Hodgson 2003 (24)       1552/1854          1242/1621       22.39      1.57 [1.32, 1.86]        

 Mey erhardt 2004 (7)      298/447            291/447        12.66      1.07 [0.81, 1.41]        

 Wibe 2004 (19)           483/755            227/398        14.65      1.34 [1.04, 1.71]        

Subtotal (95% CI) 6041               4079 100.00      1.38 [1.19, 1.60]

Total ev ents: 4116 (High caseload), 2595 (Low caseload)

Test f or heterogeneity : Chi² = 15.04, df  = 6 (P = 0.02), I² = 60.1%

Test f or overall ef f ect: Z = 4.17 (P < 0.0001)

03 Colorectal cancer

 Parry  1999 (27)           87/213             82/231        16.87      1.25 [0.85, 1.84]        

 Rabeneck 2004 (14)      5691/10923         5656/11710      83.13      1.16 [1.11, 1.23]        

Subtotal (95% CI) 11136              11941 100.00      1.17 [1.11, 1.23]

Total ev ents: 5778 (High caseload), 5738 (Low caseload)

Test f or heterogeneity : Chi² = 0.14, df  = 1 (P = 0.71), I² = 0%

Test f or overall ef f ect: Z = 5.82 (P < 0.00001)

 0.1  0.2  0.5  1  2  5  10

   
 

Figure 9  

Hospital caseload and overall survival in colorectal cancer surgery. Forest plot of reviewed studies stratified for tumour location (colonic, rectal, 

colorectal). Citations numbered as in (V). 

Study  High caseload  Low caseload  OR (random)  Weight  OR (random)

or sub-category  n/N  n/N  95% CI  %  95% CI

01 Colon cancer

 Schrag 2003 (12)        4130/5960          4150/6444      100.00      1.25 [1.16, 1.34]        

Subtotal (95% CI) 5960               6444 100.00      1.25 [1.16, 1.34]

Total ev ents: 4130 (High caseload), 4150 (Low caseload)

Test f or heterogeneity : not applicable

Test f or overall ef f ect: Z = 5.78 (P < 0.00001)

02 Rectal cancer

 Holm 1997 (18)           186/335            532/1037       32.08      1.18 [0.93, 1.52]        

 Hermanek 1999 (9)        272/454             85/140        18.06      0.97 [0.66, 1.42]        

 Stocchi 2001 (22)         68/121            330/550        17.39      0.86 [0.57, 1.27]        

 Schrag 2002 (23)         524/689            386/585        32.47      1.64 [1.28, 2.09]        

Subtotal (95% CI) 1599               2312 100.00      1.16 [0.88, 1.54]

Total ev ents: 1050 (High caseload), 1333 (Low caseload)

Test f or heterogeneity : Chi² = 10.02, df  = 3 (P = 0.02), I² = 70.0%

Test f or overall ef f ect: Z = 1.04 (P = 0.30)

03 Colorectal cancer

 Parry  1999 (27)           73/151             53/153        26.81      1.77 [1.11, 2.80]        

 McArdle 2004 (6)         430/751            353/665        73.19      1.18 [0.96, 1.46]        

Subtotal (95% CI) 902                818 100.00      1.37 [0.94, 1.99]

Total ev ents: 503 (High caseload), 406 (Low caseload)

Test f or heterogeneity : Chi² = 2.39, df  = 1 (P = 0.12), I² = 58.2%

Test f or overall ef f ect: Z = 1.63 (P = 0.10)

 0.1  0.2  0.5  1  2  5  10

   
 

Figure 10  

Surgeon’s caseload and overall survival in colorectal cancer surgery. Forest plot of reviewed studies stratified for tumour location (colonic, rectal, 

colorectal).  Citations numbered as in (V). 
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ies published from 1997 to 2009 concluded otherwise (170). The 

review found no evidence of an association between high hospital 

caseload and improved survival. Instead, it reported that high 

surgeon caseload and in particular the availability of a specialist 

colorectal surgeon was associated with improved survival. How-

ever, this review did not include all the studies reviewed by 

Iversen et al. (V) and, most importantly, it performed no meta-

analysis, but based its conclusions on the sum of significant and 

non-significant studies only; i.e., it employed the same method as 

Gruen (167). Another recent meta-analysis on rectal cancer, but 

based on two studies only, reported a significant association 

between high surgeon volume and improved survival (169). 

As described in Section 6.1.5., several methodological issues and 

confounding factors hinder definite conclusions regarding the 

volume-specialty-outcome relationship, but the data give grounds 

for a number of assumptions. The quality of surgery has not been 

evaluated in such studies and a big concern in the interpretation 

of the volume-specialty-outcome relationship in rectal cancer is 

that the prognostic superiority of the TME technique was not 

used in all of the previous studies.  

The reported relationship between hospital/surgeon caseload 

and survival in the most recent population-based studies (in 

which adjustment for case-mix was performed) is shown in Table 

21. These recent studies confirm a volume-outcome effect re-

garding hospital caseload.  

Furthermore, evidence demonstrating an effect of surgeon 

caseload in colonic cancer has recently appeared. However, in 

several of these studies, the cut-points were rather low; for in-

stance in the Swedish study by Brännström (237), the median 

surgeon caseload for colonic cancer was 7 (range 0-15) operations 

per year and for rectal cancer 9 (range 0-18) per year, i.e., one 

operation every month or every second month only. In the Danish 

rectal cancer study, a high hospital caseload was defined as more 

than 30 operations per year corresponding to about one opera-

tion per week (10). Such low caseloads make it difficult to detect 

a difference between the studies.  

In a populations-based study from the northern Region of Eng-

land, survival rates from colonic cancer were significantly better 

for surgeons with a high caseload after adjustment had been 

made for case-mix and hospital volume, whereas in rectal cancer 

such an association was evident for hospitals with high caseload 

after adjustment for surgeon caseload (99).  

 

Thus, evidence is growing that also surgeon caseload has an 

impact on long-term survival – and it may even be greater than 

that of hospital volume. 

Considering that the management of colorectal cancer in the 

Netherlands and Denmark should be at the same level, it is 

thought-provoking that very recent volume-outcome studies 

based on TME surgery from the Netherlands convincingly docu-

mented the inferior survival of early-stage rectal cancer (T1M0) 

patients treated at hospitals where less than 25 patients per year 

underwent surgery compared with hospitals at which more than 

50 patients were treated per year (136). Obviously, early-stage 

cancer patients should benefit most from treatment because of 

their long life-expectancy per se. For colonic cancer treated with 

an adjuvant chemotherapy regimen like that used in Denmark, 

the Dutch survival rates were significantly poorer at hospitals 

treating less than 50 patients per year than at hospitals treating 

more than 50 patients per year (135). In comparison, four Danish 

surgical departments treated less than 50 colonic cancer patients 

per year in 2008, and one-third of the 24 departments treated 

less than 75 patients (17).  

Table 21  

 

Survival: Volume-outcome association in recent population-based stud-

ies 

 

 Colonic cancer Rectal cancer 

Survival  Hospital 

caseload 

Surgeon’s 

caseload 

Hospital 

caseload  

Surgeon’s 

caseload 

Engel 2005 

(234) 

  - NA 

Harling 

2005 (10) 

  - NA 

Renzulli 

2006 (235) 

+ + + + 

Rogers 
I
  

2006 (172)  

+ + + + 

Simunovic 

2006 (173) 

- NA   

Birkemeyer 

2007 (236) 

+ NA   

Morris 
II
 

2007 (175) 

NA +   

Billimoria 

2008 (176) 

+ NA + NA 

Kressner 

2009 (177) 

  - NA 

Brännström 

2010 (237) 

NA - NA - 

Borowski 

2010 (99) 

- + + - 

Elferink 

2010 (135) 

+ NA   

Elferink 

2010 (136) 

  +
III

 NA 

- indicates lack of a positive association (not a negative association). 
  

I
 Analysis not stratified for tumour origin. 

II 
Included curatively treated 

stage II colonic cancer only.  
III

 For T1M0 tumours only   

 

 

Interestingly, a recent US study reported that colonic cancer 

patients had a 12% higher risk of death within 5 years if they had 

been treated at low volume hospitals (<42 patients per year) than 

if they had been treated at high volume hospitals (>125 patients 

per year) (176). They also found that if all colonic cancer patients 

were treated at such high volume hospitals, a tremendous num-

ber of number of deaths (2,700 per year in the US) could be 

avoided simply because of the high incidence of colonic cancer in 

combination with the large proportion that die within 5 years.  

 

Thus, compelling evidence demonstrates that the long-term 

survival from colorectal cancer depends on the hospital caseload, 

surgeon caseload and surgeon specialty. Unfortunately, the avail-

able literature does not allow us to draw more precise conclu-

sions.  

 

6.2.5. The significance of therapeutic delay 

Delay is inherently inevitable in the diagnostic pathway of symp-

tomatic colorectal cancer. Diagnostic delay can be categorized as 

shown in Figure 3. The sum of delay in primary health care and 

hospital delay is ‘provider delay’ and the sum of all delays is 

termed ‘total therapeutic delay’. The definitions of delay vary, 
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however, across studies which makes comparison between stud-

ies troublesome (238,239). Methodological issues related to for 

instance the reliability and validity of patient delay measures 

must also be considered when studying the impact on delay (240) 

A Danish population-based study on 2,212 cancer patients re-

ported that the median patient delay was 21 days (interquartile 

range (i.q.r.) 7-56) and the median total delay 98 days (i.q.r. 57-

168) (32). Another Danish population-based study on 743 colorec-

tal cancer patients, diagnosed during 2001 through mid 2002, 

reported delays as shown in Table 22 (241).  

Patient delay and delay in secondary health care were the major 

contributors to total delay. However, the 2-week waiting time 

guarantee from diagnosis to treatment issued in 2001 was only 

met for 65% of elective colonic cancer patients and 47% of rectal 

cancer patients (241). 

The impact of delay on tumour stage at the time of colorectal 

cancer diagnosis has been studied by Korsgaard et al (242), 

among others. They found that a total therapeutic delay >60 days 

was associated with a relative risk of 1.9 (95% CI 1.1-3.1) of hav-

ing advanced disease (defined as stage III or IV) in rectal cancer, 

whereas delay seemingly did not influence the stage distribution 

in colonic cancer. A recent review concluded similarly for rectal 

cancer with long delay being associated with advanced stage, 

while the opposite was observed in colonic cancer, i.e., a long 

delay was associated with earlier stage, although none of the 

observations were statistically significant in the meta-analyses 

(243). The most recent population-based observational study of 

272 colorectal cancer patients from Northern Holland found no 

association between total therapeutic delay and stage when 

analysing colonic and rectal cancer together, but the median total 

therapeutic delay of 164 days was longer than in Denmark (244). 

In line with the Danish observations, delay I n Holland was longer 

in rectal cancer than in colonic cancer (209).  

The impact of delay on colorectal cancer survival has been stud-

ied extensively and a recent review suggested a lack of associa-

tion between delay and survival (238). This relationship was re-

analyzed in the study cohort by Korsgaard et al. after a mean 

follow-up period of 3.49 years (95% CI: 3.32-3.66) for colonic 

cancer patients and 3.59 years (95% CI: 3.52-3.81) for rectal can-

cer patients (V). It was remarkable that only one fourth of the  

colonic cancer patients and one sixth of the rectal cancer patients 

experienced a time span below 60 days from their first symptom 

until initiation of treatment.  

In colonic cancer, a total therapeutic delay ≥60 days had no influ-

ence on survival from colon cancer, Figure 11; neither in the 

multivariate analysis adjusted for age, sex, Charlson comorbidity 

score and urgency of surgery (HR = 0.96 (95% CI: 0.70-1.31)), nor 

in the model that also included stage. 

Neither provider delay ≥60 days nor hospital delays ≥30 days or 

≥60 days was significantly associated with survival in the adjusted 

analysis. 

In rectal cancer, however, a total therapeutic delay ≥60 days was 

significantly associated with inferior survival from rectal cancer,  

HR = 1.69 (95% CI: 1.01-2.83), Figure 11. This negative influence 

on total therapeutic delay ceased, however, after inclusion of 

stage in the model, HR = 1.53 (95% CI: 0.91-2.59). Neither pro-

vider delay ≥60 days nor hospital delays ≥30 days or ≥60 days was 

associated with survival. 

 

 
 

 
 

Figure 11  

Survival from colonic and rectal cancer according to level of total thera-

peutic delay, unadjusted analyses 

 Patient delay Delay in primary 

health care 

Hospital delay Provider delay Total therapeutic 

delay 

Colonic cancer 18  (i.q.r. 0-90) 3  (i.q.r. 0-59) 28  (i.q.r. 15-49) 52  (i.q.r. 25-123) 116  (i.q.r. 57-249) 

Rectal cancer 44  (i.q.r. 5-115) 5  (i.q.r. 0-53) 29  (i.q.r. 22-47) 49  (i.q.r. 28-103) 135  (i.q.r. 76-243) 

Table 22  

 

Median delay and interquartile range in days for Danish colorectal cancer studies (241) (X) 
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This recent observation of a long delay as a predictor of worse 

long-term survival contradicts that of previous colorectal cancer 

studies published in this century. Most of these studies reported 

no association between delay and survival (245-251), while other 

studies found long delay to be associated with improved survival 

(252) or short delay to be associated with poor survival in patients 

with Dukes’ stage D only, as in the Dutch study (244). This is re-

ferred to as the ‘waiting time paradox’. Methodological reasons 

may explain the diverging results as only four among seven stud-

ies reporting no association between delay and survival per-

formed adjusted analysis (245,249-251). All of these studies in-

cluded tumour stage as one of the adjustment variables. 

However, stage should be regarded as an intermediate step in the 

causal pathway between delay and survival (253) and it should 

therefore not be adjusted for. This is similar to the observation 

that screening is instrumental in detecting tumours at a less ad-

vanced stage and that screening therefore improves survival. 

Furthermore, stage is not a confounder as it remains unknown 

until after treatment. The Dutch study analysed data otherwise: 

they performed multivariate analysis on patients with early stage 

cancer and late stage cancer separately (244). The ‘waiting time 

paradox’ is known from other types of cancer as well (239) and 

may be caused by confounding by tumour aggressiveness, 

whereby less aggressive tumours may produce less aggressive 

symptoms and therefore longer delay and improved survival.  

Similarly, emergency cases combine a short delay with poor sur-

vival. A recent Danish PhD study found an u-shaped association 

between diagnostic delay and the 5-year mortality of colorectal 

cancer patients presenting with ‘alarm or any serious symptoms’, 

i.e., patients with a short delay had an increased mortality, but 

with decreasing levels by increasing length of short delay, and 

then mortality increased again with longer delay (254). Confound-

ing due to differences in tumour aggressiveness may explain the 

observation of an increased mortality with a short delay, whereas 

the observation of increased mortality by longer delay, in parallel 

with that of Iversen (X), seems to be real as confounding could  

not explain that observation (254).  

The discrepancy between colonic and rectal cancer regarding the 

impact of delay on prognosis is probably a reflection only of the 

relationship between presentation behaviour and tumour site 

(255). Rectal cancer patients are more likely to be delayed than 

colonic cancer patients and patients with vague symptoms or 

more common symptoms like rectal bleeding delay longer than 

patients with for instance pain (255). Further, colonic cancer 

patients are more likely to present with vague, non-specific symp-

toms, whereas rectal cancer patients present with more specific 

symptoms like rectal bleeding (15). 

 

Thus, based on the recent Danish results that do not including 

stage in their analyses, a total therapeutic delay ≥60 day has a 

negative impact on long-term survival among rectal cancer pa-

tients, but not among colon cancer patients. Neither provider 

delay ≥60 days, nor hospital delays ≥30 days or ≥60 days had a 

prognostic impact on long-term survival from colorectal cancer. 

Especially patient delay and hospital delay seemed long and 

should be reduced. This may serve to reduce the number of pa-

tients diagnosed with late-stage disease. In the Netherlands, 

attention has been paid to reducing the long time interval from 

diagnosis to treatment, and the Dutch Cancer Society proposed in 

2005 that this time should be reduced to less than 15 working 

days. However, an analysis of colorectal cancer patients from 

2005 and 2008 revealed that the effect of these efforts has not 

yet been observed as this time interval has not been reduced 

(256).  

 

6.2.6. Self-expanding metallic stents as bridge to surgery 

Patients with colorectal cancer presenting as emergencies in 

whom emergency surgery is necessary have a poor outcome 

compared with patients undergoing elective surgery. Their mor-

bidity and postoperative mortality is higher, Section 6.1.6., their 

resection rate is lower, their resection for cure rate is lower, and 

their long-term survival is poorer (111,182). Among 632 Scottish 

patients, the 5-year survival after emergency curative surgery was 

39% compared with 71% in patients who underwent elective 

curative surgery (111). Other small-scale case-control studies 

have reported reduced long-term survival after emergency sur-

gery compared with elective surgery (183,257). In the Danish 

setting and based on DCCG data, the 5-year survival from colonic 

cancer was 39% after acute curative surgery and 65% after elec-

tive curative surgery (16), i.e., almost similar to the Scottish re-

sults. 

The use of stents as a bridge to surgery, as first described by 

Tejero in 1994 (40), has the potential to convert emergency sur-

gery into an elective setting in selected patients and to allow time 

to perform diagnostic work-up to ensure that only patients with 

potentially curable cancer are offered surgical resection. Further, 

the risk of stoma formation is decreased because acute surgery is 

avoided. Issues have, however, been raised against the oncologi-

cal outcome because stent-related tumour perforation is ob-

served in at least 4% of stented patients (187-189). A further 

argument against this approach is that tumour cells in peripheral 

circulation have been detected after SEMS placement (258). 

Unfortunately, the literature is very sparse regarding the long-

term outcome after SEMS as bridge to surgery. To date, only four 

studies in non-randomized designs have reported long-term 

outcomes (259-261) (IX), Table 23. One of the studies was re-

ported in abstract form only (259).  

 
Table 23  

 

Long-term outcomes of SEMS as bridge to surgery in patients with 

potentially curable colorectal cancer 

 

 Saida 

(259) 

n = 44 

Dastur 

(260) 

n = 10 

Kim (261) 

n = 24 
I
 

Iversen 

(IX) 

n = 34 

Study period 1993-

2001 

1997-

2004 

1999-

2007 

2004-

2007 

No of days 

from SEMS 

insertion to 

surgery, me-

dian (range) 

NA 70 (1-223) 
II
 

Mean 9 

(SD=6) 

35 (6-100) 

Follow-up 

period, me-

dian (months) 

NA Mean 21 

(SD= 25) 

NA 34 (range 

0-70) 

3-year survival 48% 80% 

(estima-

ted) 

44% 
III

 74% 

Analysis on patients with stage II and III only. 
II
 Including 12 patients. 

III
 5-

year survival rate 

 

The Danish survival figures were calculated according to the 

intention-to-treat principle. They therefore included also patients 

who needed emergency surgery because of stent-related compli-
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cations (IX). The 2-year and 3-year survival rates of the 34 pa-

tients with potentially curable colorectal cancer were 85% (95% CI 

68-94) and 74% (95% CI 53-86), respectively. For those 30 pa-

tients who had a curative outcome, the 2-year and 3-year survival 

rates were 90% (95% CI 72-97) and 77% (95% CI 54-89), respec-

tively. Half of the patients had stage III cancer.  

 

Thus, the SEMS concept made it possible to achieve 3-year sur-

vival rates in emergency surgery reaching 75%, i.e., rates similar 

to those seen after elective surgery for colonic cancer with a 

curative outcome in Denmark (16). 

The time period from SEMS placement to elective surgery has to 

be defined. In most studies, the median interval was 5-6 days 

(189), but it was much longer in the English and Danish studies, 

Table 23. Arguments for a long interval include the need for suffi-

cient time for reversion and recovery of the pathophysiological 

mechanisms associated with bowel obstruction, the need for 

sufficient bowel decompression to facilitate (curative) surgery, 

the time required to perform diagnostic work-up, the possibility 

of offering neo-adjuvant chemotherapy to selected patients and 

need to create space on surgery lists. Arguments against a long 

interval include a potentially higher risk of stent-related complica-

tions requiring re-intervention like migration and perforation. 

One of the four patients with perforation in the Danish study 

could have been spared emergency surgery had elective surgery 

been performed 5-6 days after SEMS placement. Some have 

recommended that the use of SEMS as bridge to surgery in pa-

tients with potentially curable disease should only to be consid-

ered when surgery is promptly scheduled after SEMS insertion 

(195). 

 

Thus, promising results in regard to curative outcome and survival 

may be achieved by the use of SEMS as bridge to surgery in acute 

bowel obstruction even though a disproportionately high perfora-

tion rates may occur as serious adverse events.  

 

 

7. CONCLUSION 

 

PAPER I  

The overall 5-year relative survival for Danish colorectal cancer 

patients rose from 37.8% to 46.8% during the period 1977-1982 

to 1995-1999. The observed survival improvement was caused 

mainly by an 8% improvement in survival within the first 6 

months after diagnosis (I).  

 

PAPER II  

During 1985-2004, the crude 1-year and 5-year survival for colon 

and rectal cancer improved. A further improvement in 1-year 

survival from 71% to 74% and in the 1-year relative mortality 

could be identified for rectal cancer after implementation of the 

National Cancer Plan in 2000. Such an improvement was not 

observed for colon cancer (II). 

 

PAPER III  

Elderly patients, aged >75 years, experienced improvements in 

relative survival from colorectal cancer of 13-16% from 1977-

1982 to 1995-1999. In 1995-1997, only minor differences existed 

in 5-year relative survival between younger (49%), middle-aged 

(47%) and elderly (39-47%) patients. The radical resection rate 

simultaneously rose markedly among elderly patients where it 

was performed almost as frequently in 1995-1997 (49.2%) as in 

patients ≤75 years (46.7-51.4%) (III). 

 

PAPER IV-V 

Review of the literature published from 1992 through June 2004 

provided evidence that (i) high hospital caseload, (ii) high sur-

geon’s caseload, (iii) surgeon’s sub-speciality and (iv) surgeon’s 

experience were collectively associated with an improved short-

term outcome after surgery for colonic cancer. Such an associa-

tion could not be documented for rectal cancer due to the sparse 

literature on this disease (IV). Data on long-term outcome 

showed that a high hospital caseload was associated with an 

improved overall survival from colonic and rectal cancer. The 

surgeon’s surgical sub-speciality had a positive impact on cancer-

free and overall survival from colonic and rectal cancer (V).  

 

PAPER VI  

At least one-third of colorectal cancer patients suffered from 

comorbidity as documented in hospital discharge registries. Co-

morbidity had a substantial impact on survival; both 1-year and 5-

year survival decreased with increasing Charlson Comorbidity 

Index scores. Patients with severe comorbidity may therefore die 

with, rather than from, their colorectal cancer. The negative 

impact of comorbidity was most pronounced on the outcome of 

rectal cancer (VI).  

 

PAPER VII   

The 30-day mortality for colorectal cancer patients operated 

during 1996 through 2006 exhibited no seasonal variations like 

those seen for some cardio-pulmonary diseases even though the 

majority of patients suffered from comorbidity as assessed by the 

ASA score. A non-significant increase was observed in July in 

colonic cancer and comorbid patients (VII).  

 

PAPER VIII  

The overall 30-day mortality after emergency surgery for colonic 

cancer in Denmark was 22.1% in the period 2001-2005. The 30-

day mortality was 8.5% for those 59.2% of the patients who had 

an uneventful post-operative course and 39.4% for patients who 

developed one postoperative complication (27.8%). The strongest 

independent risk factor for death within 30 days after surgery was 

postoperative medical complications (OR = 11.7). Other risk fac-

tors were age ≥71 years, male gender, ASA grade ≥ III, palliative 

outcome, free or iatrogenic tumour perforation, splenectomy and 

intraoperative surgical adverse events (VIII).  

 

PAPER IX   

Patients with acute bowel obstruction seemed to benefit from a 

SEMS insertion as measured by a cumulative 30-day mortality of 

2.9%, and 2-year and 3-year survival rates of 85% and 74%, re-

spectively, i.e., figures being comparable to those achieved after 

elective surgery. The clinical implications of the high perforation 

rate of 11.8% must await further analysis in larger patient cohorts 

(IX).  

 

PAPER X   

Delay ≥60 days from the onset of symptoms until initiation of 

treatment (total therapeutic delay) was a predictor of inferior 

long-term survival from rectal cancer, HR = 1.69 (95% CI: 1.01-

2.83). Such an association was not found for colon cancer. Pro-

vider delay ≥60 days and hospital delays ≥30 days or ≥60 days had 

no prognostic impact on long-term survival from colorectal cancer 

(X).  
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8. SUMMARY 

 

This thesis has reported survival among Danish colorectal cancer 

patients over the past decades and it has explored different as-

pects of the inferior short-term and long-term survival of Danish 

patients in relation to (i) patient factors: old age and comorbidity; 

(ii) disease factors: prognostic factors for early death after emer-

gency surgery; (iii) diagnostic factors: impact of diagnostic delay; 

(iv) treatment factors: seasonal variation in postoperative mortal-

ity and the benefit of a new approach for management of ob-

structive cancer; and (v) structural factors: hospital volume and 

surgeon characteristics. 

 

SHORT-TERM SURVIVAL   

For colonic cancer, the 30-day relative survival rose from 86% in 

1977-1982 to 90% in 1995-1999, and for rectal cancer it rose from 

90% to 94% (I). Data from regional hospital discharge registries 

show that the overall 30-day mortality rates of colonic and rectal 

cancer remained stable at about 11% and 4-5%, respectively, 

during 1985-2004 (II). Stratifying for urgency of surgery, but not 

for tumour site, the 30-day mortality rate was 6.2% after elective 

surgery and 22.1% after emergency surgery in the period 2001-

2008 according to DCCG data (17). Nevertheless, the 30-day 

mortality was about twice as high in Denmark as in Norway, 

Sweden and Scotland, even if the data for these countries are 

older than the Danish data. Mortality rates after palliative surgery 

are three times higher than the rates following curative surgery 

(115). The stage distribution at the time of diagnosis is more 

unfavourable in Denmark than in the other Nordic countries 

(114). Comparison of survival among countries is, however, en-

cumbered by several methodological issues related to complete-

ness, and data quality of cancer registries, among others, biases 

the survival estimates.    

Like most western populations, the Danish population is ageing 

and the proportion of elderly colorectal cancer patients aged >75 

years has therefore risen from 37% in 1977-1982 to 42% in 1995-

1999 (III). Disparity in cancer treatment between elderly and 

younger patients exists on a number of counts, e.g., the former’s 

curative resection rate is lower, their emergency presentation 

rate is higher and they are moreover more likely to present with 

later-stage disease than are younger patients. However, in Den-

mark the curative resection rate among elderly patients aged >75 

years rose from 36% in 1977-1982 to 49% in 1995-1999 (III). This 

trend was paralleled by an increase in 30-day and 6-month rela-

tive survival. Patients aged >70 years have a 30-day mortality rate 

of 13.1%, but their younger counterparts’ mortality rate is only 

3.5% (17). A mortality rate at least two to three times higher 

among the elderly than among younger patients has been re-

ported repeatedly in various populations 

(95,96,116,127,128,130,131,135,136,144,145). 

In Denmark there is an inverse relationship between the comor-

bidity level and the resection rate in colorectal cancer. In the 

period 1995-2006, surgical treatment of patients with colonic 

cancer and severe comorbidity became progressively more ag-

gressive, whereas surgical treatment of patients with rectal can-

cer apparently became more cautious or differentiated (VI). Nev-

ertheless, the overall 30-day mortality rate after resectional 

surgery remained stable at about 8% in colonic cancer and at 

about 6% in rectal cancer. Almost every fourth patient had severe 

comorbidity as determined by an ASA of III or more and their 30-

day mortality rate was at least 18% in 2001-2008. Any reduction 

in their short-term mortality will therefore have a substantial 

impact on the overall mortality rate. 

Despite the impact of comorbidity on postoperative mortality, the 

distinct seasonal variation seen in mortality from cardiovascular 

and respiratory diseases, with excess mortality in the winter 

months, has not been observed in postoperative mortality from 

colorectal cancer (VII). Postoperative mortality from colonic can-

cer was non-significantly higher in July than in other months of 

the year (VII).  

Evidence reveals a volume-outcome relationship regarding post-

operative mortality in colonic cancer (IV) and the most recent 

literature suggests that it probably also is so in rectal cancer. 

However, volume may be a surrogate marker or proxy for other 

important structural factors such as quality and capacity of inten-

sive care units, the availability of other clinical services like car-

diac care units, multiple medical specialties, multidisciplinary 

infrastructure and nurse staffing, etc.  

Postoperative mortality after emergency surgery for colonic 

cancer was as high as 22% in 2001-2005 and mortality was signifi-

cantly associated with the postoperative course. Patients devel-

oping medical complications had a mortality rate of 57.8%.  Inde-

pendent risk factors for death within 30 days after surgery were 

age ≥71 years, male gender, ASA grade ≥ III, palliative outcome, 

free or iatrogenic tumour perforation, splenectomy, intraopera-

tive surgical adverse events and postoperative medical complica-

tions (VIII). 

SEMS placement performed on the indication acute bowel ob-

struction in patients with potentially curable disease can be ac-

complished with high technical and clinical success rates. The 

perforation rate, however, may reach 12%. Even so, the mortality 

rate within 30 days after a SEMS attempt and later surgery may, 

irrespective of its timing, by very low (3%) relative to the mortal-

ity seen after emergency surgery (IX).  

 

LONG-TERM SURVIVAL 

The 5-year relative survival improved by 9% for both colonic and 

rectal cancer from 1977-1982 to 1995-1999 (I). Further improve-

ment has been observed and in 2004-2006, the 5-year relative 

survival from colonic cancer was 52% (95% CI 51-54) for men and 

57% (95% CI 55-58) for women. For rectal cancer the correspond-

ing percentages were 55% (95% CI 53-57) and 57% (95% CI 55-59) 

(202). Overall, from 1977 until 2006, 1-year and 5-year survival 

increased almost 0.5-1% annually. Long-term survival has im-

proved more in rectal cancer than in colonic cancer and survival 

from rectal cancer surpassed that of colonic cancer in the 2000s 

(202,204). 

Elderly patients aged >75 years experienced a marked 13-16% 

increase in relative survival from 1977-1982 to 1995-1999, i.e., a 

period during which the rate of curative surgery increased pro-

nouncedly among the elderly (III). The survival improvement 

among their younger counterparts in that period only reached 

7%. Mortality from colorectal cancer was only excessive in the 

elderly during the first two years after surgery. 

In 1995-2006, about 30-43% of colorectal cancer patients had 

moderate and severe comorbidity as determined by a Charlson 

Comorbidity score of 1-2 and 3+, respectively. These comorbid 

patients had a long-term survival inferior to that of patients with 

no comorbidity. In colonic cancer, the 5-year survival in 1998-

2000 was 43% in patients with no comorbidity and only 20% in 

patients with severe comorbidity. Comorbidity had an even 

stronger impact in rectal cancer (VI).  

Evidence repeatedly demonstrates a volume-outcome effect on 

long-term survival from colonic and rectal cancer with improved 

survival being significantly associated with increasing hospital 

caseload and surgeon’s education/specialty (V). In addition, the 
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most recent evidence reveals that surgeon caseload may have a 

stronger impact on long-term survival than hospital volume which 

reflects the complexity in the interaction between hospital 

caseload and surgeon caseload. 

A total therapeutic delay ≥60 day has been shown to have a nega-

tive impact on the long-term survival from rectal cancer, but not 

from colon cancer, given that stage is an intermediate step in the 

causal pathway between delay and survival (X). Neither provider 

delay ≥60 days, nor hospital delays ≥30 days or ≥60 days had any 

prognostic impact on long-term survival from colorectal cancer. 

Emergency surgery for colonic cancer is associated with an infe-

rior long-term survival. The 5-year survival after acute curative 

surgery in Denmark is 39% (16). However, the use of SEMS as 

bridge to elective curative surgery makes it possible to achieve 3-

year survival rates similar to those of 75% seen after elective 

curative surgery for colonic cancer (IX) – despite an unexpectedly 

high perforation rate. 

 

 

9. PERSPECTIVES 

 

The best strategy to reduce the colorectal cancer burden is pri-

mary prevention, i.e., a lowering of its incidence. The incidence 

may decline if efforts to change unfavourable life styles character-

istic of the Western populations are successful and, probably, if 

national screening is introduced to reduce the precursor of colo-

rectal cancer: colorectal adenomas. However, an exploration of 

these aspects is beyond the scope of this thesis, which focussed 

on different aspects related to mortality and survival from colo-

rectal cancer. 

 

SHORT-TERM OUTCOME 

Several factors contribute to the inferior short-term outcome 

from colorectal cancer in Denmark. Among these factors is the 

fact that about 18% of Danish patients present with distant me-

tastases and that curative surgery is not achieved in about 22% 

(17). It would therefore seem reasonable to assume that short-

term outcome may improve if (i) patients are diagnosed at earlier 

stage by implementation of national screening and/or by reducing 

the therapeutic delay, and (ii) surgeons were better at achieving 

tumour control, among others by adopting a more aggressive 

surgical approach, i.e., increase the curative resection rate. 

Other factors contributing to the inferior short-term outcome 

include, e.g., advanced age, comorbidity and emergency presen-

tation – all of which are discussed below. 

Elderly patients’ short-term mortality is two to three times higher 

than that of their younger counterparts. Their increased level of 

comorbidity and decreased physiological reserve contribute to 

this situation. Currently, major progress within the area of mini-

mally invasive surgical techniques like laparoscopic surgery con-

tinues, which will probably further improve the short-time out-

come (262,263). 

Surgical decision-making about elderly colorectal cancer patients 

continues to be a major challenge. A curative resection rate of 

around 50% among the elderly in the late 1990s and at the same 

time an excess mortality within 6 months of surgery are indicators 

of less than optimal surgical decision-making and peri-operative 

care of the elderly. It has been suggested that the elderly should 

undergo a preoperative comprehensive geriatric assessment in 

order to assess frailty (123). It has even been stated that present-

ing data on elderly patients without frailty information is as unac-

ceptable as presenting cancer data without stage information 

(264). The main drawback of the comprehensive geriatric assess-

ment, however, is that it is time-consuming. The question is 

therefore whether elderly should be evaluated and treated by 

multidisciplinary teams including also geriatric specialists. Clini-

cians have to decide among a growing number of beneficial (pal-

liative) treatment regimens and they have to individualize treat-

ment of the elderly even more than treatment of their younger 

counterparts and surgery is scarcely the best option in everyone. 

Patients of the same age may be fit, have no comorbidity and 

have a high physical activity level or they may be frail and have 

severe comorbidity and functional impairment (265). Some eld-

erly may certainly be too frail to withstand a postoperative course 

and such patients may best be managed by supportive or pallia-

tive care. However, even some frail, high-risk patients do need 

surgery because of severe tumour-related symptoms - and among 

these some will inevitably die in the postoperative course. 

Several questions regarding the elderly remain unanswered: Why 

do elderly more frequently present as emergencies? Do elderly 

ignore symptoms suggestive of colorectal cancer more frequently 

than their younger counterparts? Are the caregivers less aware of 

colorectal cancer among elderly? Have the caregivers abstained 

from offering elderly patients surgery? Or do the elderly patients 

themselves decline the offer of surgery? Treatment of the elderly 

and an improvement in their outcome may be accomplished if 

these questions can be answered by future research. 

Most of the considerations regarding the elderly can be applied to 

the comorbid patients as well. Comorbidity, age and frailty are 

interrelated. Interestingly, the resection rate has increased 

among comorbid colonic cancer patients and at the same time 

the mortality rate has remained stable.  

Unexpectedly, a non-significant increase in postoperative mortal-

ity from colonic cancer was observed for July – and it was most 

pronounced in patients with comorbidity. This July effect should 

be elucidated further and its association with the staffing level at 

hospitals during summer vacation should be examined.  

The main contributors to postoperative mortality after emer-

gency surgery for colonic cancer are elderly patients, comorbid 

patients and patients who develop medical complications. Efforts 

should therefore be directed towards prevention and/or early 

recognition of medical complications which should be combined 

with appropriate treatment. Such an approach is expected to 

substantially reduce the 30-day mortality after emergency. Fur-

thermore, the emergency rate must be reduced, which can be 

done by implementation of national screening as has been ob-

served in England (Phil Quirke, unpublished data).  

The use of SEMS in patients with obstruction is another option 

that may reduce the emergency rate. Many clinicians are reluc-

tant to embrace this approach, partly because of its adverse 

events like perforation. There is no doubt that the perforation 

rate requires further attention as perforation is the main mortal-

ity factor (188). In addition, in patients with non-acute incurable 

obstruction, the long-term outcome of SEMS should be further 

studied due to the late complications like perforation, migration, 

re-obstruction caused by tumour in-growth or overgrowth and 

faecal impaction in patients on palliative chemotherapy. 

The benefit of high volume and specialization on postoperative 

mortality seems evident even if the literature has identified sev-

eral limitations. A further centralization and specialization there-

fore seems to be warranted, at least from the author’s common 

sense point of view, in order to reduce the persistent, high post-

operative mortality rate in Denmark. Even a small-scale benefit 

achieved by such centralization may have much impact; not least 
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if the burden-incidence of colorectal cancer with the ageing, 

comorbid, high-risk patients is taken into consideration. The fact 

that the Danish nationwide studies examining the volume-

outcome effect have examined the effect mainly among low-

volume hospitals underscores the importance of the need for 

further studies using cut-points based on graded volumes and 

studying the effect among high-volume hospitals in detail. There 

is also a need for studies adjusted for, e.g., the quality of surgery. 

Better understanding of surgical risk is crucial to treatment opti-

mization. In case patients at high risk of postoperative death can 

be identified preoperatively, the clinicians will probably be able to 

better tailor management to the patient’s needs and to recognize 

and treat any complication timely, although evidence for the 

latter is missing. Several risk scoring systems have been designed 

to predict the risk of death. None of them have been evaluated in 

Danish colorectal cancer patients and Denmark has not yet focus-

sed much on the country’s high level of postoperative mortality. 

The author and her collaborators plan to develop a Danish risk-

scoring system and to evaluate the effect of more individualized 

management. While awaiting the development of such risk scor-

ing systems or easy-to-use comprehensive geriatric assessment 

tools, management of colorectal cancer patients should be tai-

lored to comorbidity rather than age per se (125).   

As a result of advances in medical treatment and supportive care 

at intensive care units, several postoperative complications are 

now being treated more efficiently although some of the patients 

may ultimately die after the immediate postoperative period. 

Especially elderly and comorbid patients may die following a stay 

at an intensive care unit extending 30 days after surgery. There-

fore, short-term mortality should not be evaluated by the 30-day 

mortality rate only; assessment of the mortality rate after 90 days 

or 180 days would be more appropriate.  

 

LONG-TERM OUTCOME 

The high level of short-term mortality inevitably implies that also 

long-term survival from colorectal cancer is inferior in Denmark. 

However, long-term survival from rectal cancer has improved 

after the implementation of TME surgery, the introduction of 

preoperative radiotherapy, the concentration of surgery at fewer 

hospitals and the establishment of MDTs. We may reasonably 

expect a similar improvement in the long-term outcome from 

colonic cancer if such optimization and focus on treatment could 

be accomplished. Hohenberger has achieved a favourable out-

come of the CME technique in colonic cancer. The future will 

show whether these favourable results are reproducible. Fur-

thermore, we must ask ourselves whether this technique can be 

learned/implemented by all surgeons, if it should be used in all 

cases or if it must be modified. A more detailed preoperative 

evaluation of the T-stage of colonic cancer would probably aid 

selection of patients to different operative regimens like laparo-

scopic technique, conventional surgery and CME, etc. The Danish 

guidelines on colonic resection are defined by the vascular liga-

tion and hence the adequacy of vascular supply to the intended 

anastomotic segments. However, a recent Swedish study has 

suggested that the high logo-regional recurrence rate of sigmoid 

cancer was caused by surgeons performing minor wedge-like 

resections (266). Thus, focus should be on making true central 

vascular ligation and adequate bowel resection margins in colonic 

surgery with a curative intent. The results of the randomized trial 

FOxTROT (267) will also answer the question whether neo-

adjuvant chemotherapy in locally advanced colonic tumours has 

any effect on long-term survival. 

The survival improvement in elderly that accompanied the grow-

ing use of curative resection should also be emphasized. Surgical 

resection is the optimal treatment for colorectal cancer and 

should be offered to fit elderly independently of their chronologi-

cal age. It is important to remember the fact that a person who 

has reached the age of 80 years will have a relatively longer life 

expectancy than younger persons. Also, importantly, if an elderly 

is offered surgery, it should be with a curative intent. In the fu-

ture, the benefit of preoperative radiotherapy in elderly rectal 

cancer patients must be elucidated. 

Comorbidity adversely affects long-term survival. It remains unre-

solved whether the present treatment of comorbidities is appro-

priate and efforts should be directed against evaluation of the 

appropriateness of comorbidity treatment in the pre-, intra-, and 

postoperative period. Optimization of surgical decision-making in 

comorbid patients is yet another target for future research. 

Evidence demonstrates that survival from colorectal cancer de-

pends more or less on the hospital caseload, surgeon caseload 

and surgeon specialty. Given that four Danish surgical depart-

ments treated less than 50 colonic cancer patients per year in 

2008 and eight departments treated less than 75 patients (17), 

the Danish hospital structure for surgical management of colorec-

tal cancer has seemingly not yet been organized in a manner that 

allows it to achieve an optimal outcome. The Danish hospital 

structure should therefore undergo further centralization and 

specialization. Moreover, MDTs should be established covering all 

specialties relevant to the management of colorectal cancer in 

each unit to minimize the detrimental volume-specialty-outcome 

effect on colorectal cancer survival. Importantly, by increasing the 

hospital volume, treatment feedback and benchmarking would be 

more powerful and thus more real and meaningful and a Haw-

thorne effect may probably be observed, i.e., underperforming 

departments will make every possible effort to improve their 

quality. 

Both patient delay and hospital delay are rather long and the fact 

that a total therapeutic delay ≥60 day has a negative impact on 

long-term survival among rectal cancer patients calls for a reduc-

tion of delay. Patients should therefore be educated to become 

aware of their symptoms and, probably more importantly, to 

understand how and when to act on these symptoms (239,268). 

Hospital delay may hopefully decrease because of the introduc-

tion of fast-track referral for diagnosis and treatment in late 

2000s and because of the third National Cancer Plan’s recom-

mendation of fast-track pathways also for patients with potential 

cancer symptoms that do not fulfil the urgent referral criteria.  

Stent-related tumour perforations observed in 4-12% of emer-

gency-stented patients is a matter of great concern both in pa-

tients having SEMS as bridge to elective surgery and in patients 

having SEMS as a definitive palliative procedure. In the former, 

the optimal time period from SEMS placement to elective surgery 

has to be defined. In the future, long-term results of two ongoing 

randomized trials comparing SEMS insertions with emergency 

surgery may determine the most optimal treatment method in 

acute bowel obstruction. Meanwhile, SEMS insertion may be 

recommended in patients not suspected of having concomitant 

perforation. 

To monitor colorectal cancer outcome properly and to get robust 

evidence timely of any advances or disadvantages of new treat-

ment regimens, national cancer registration should continue to 

be developed ensuring complete ascertainment and correct data 

collection. This will allow the production of up-to-date survival 

estimates, feedback and benchmarking. 
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APPENDIX 1 

 

The NOMESCO codes used to identify patients who had under-

gone procedures for colorectal cancer in Paper II, VII, VIII include:  

KJFA68, KJFA83-84, KJFA96-97, KJFB20-97, KJFC00-51, KJFF10-13, 

KJFF20-31, KJFH00-33, KJFH96, KJFW96-98, KJGA32-52, KJGA73-

96, KJGA98, KJGB00-50, KJGB96-97, and KJGW96-98.  

 

For Paper VII, we categorized treatment in three groups: those 

who underwent  

(a) a resection (NOMESCO codes: KJFB20-97, KJFH00-33, KJFH96, 

KJGB00-50 and KJGB96-97),  

(b) a diversion only/local procedure (KJFA68, KJFA83-84, KJFA96-

97, KJFC00-51, KJFF10-13, KJFF 20-31, KJFW96-98, KJGA32-52, 

KJGA73-96, KJGA98, KJGW96-98) and  

(c) no surgical treatment. 

 

APPENDIX 2 

Charlson Comorbidity Index 

ICD-8 and ICD-10 codes used for the individual conditions were as 

reported in Table 5 in (204). 

 

 

Table 24  

 

Charlson Comorbidity Index 

 

Charlson weights Condition 

1 
Myocardial infarction 

1 
Congestive heart failure 

1 
Peripheral vascular disease 

1 
Cerebrovascular disease 

1 
Dementia 

1 
Chronic pulmonary disease 

1 
Connective tissue disease 

1 
Ulcer disease 

1 
Mild liver disease 

1 
Diabetes 

2 
Hemiplegia 

2 
Moderate/severe renal disease 

2 
Diabetes with end organ damage 

2 
Any tumour (not colorectal cancer) 

2 
Leukemia 

2 
Lymphoma 

3 
Moderate/severe liver disease 

6 
Metastatic solid tumour 

6 
AIDS 

 

 

 


