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Abstract

Background Randomized trials show similar outcomes

after open surgery and laparoscopy for colon cancer, and

confirmation of outcomes after implementation in routine

practice is important. While some studies have reported

long-term outcomes after laparoscopic surgery from single

institutions, data from large patient cohorts are sparse. We

investigated short- and long-term outcomes of laparoscopic

and open surgery for treating colon cancer in a large

national cohort.

Methods We retrieved data from the Norwegian

Colorectal Cancer Registry for all colon cancer resections

performed in 2007–2010. Five-year relative survival rates

following laparoscopic and open surgeries were calculated,

including excess mortality rates associated with potential

predictors of death.

Results Among 8707 patients with colon cancer that

underwent major resections, 16 % and 36 % received

laparoscopic procedures in 2007 and 2010, respectively.

Laparoscopic procedures were most common in elective

surgeries for treating stages I–III, right colon, or sigmoid

tumours. The conversion rate of laparoscopic procedures

was 14.5 %. Among all patients, laparoscopy provided

higher 5-year relative survival rates (70 %) than open

surgery (62 %) (P = 0.040), but among the largest group

of patients electively treated for stages I–III disease, the

approaches provided similar relative survival rates (78 vs.

81 %; P = 0.535). Excess mortality at 2 years post-sur-

gery was lower after laparoscopy than after open surgery

(excess hazard ratio, 0.7; P = 0.013), but similar between

groups during the last 3 years of follow-up. Major pre-

dictors of death were stage IV disease, tumour class pN?,

age[ 80 years, and emergency procedures (excess hazard

ratios were 5.3, 2.4, 2.1, and 2.0, respectively; P\ 0.001).

Conclusion Nationwide implementation of laparoscopic

colectomy for colon cancer was safe and achieved results

comparable to those from previous randomized trials.

Keywords Laparoscopy � Surgery � Colon cancer �
Implementation � Relative survival

Colorectal cancer is the third most common cause of death

in Western Europe and the USA, and its incidence is

increasing [1]. Surgical resection remains the cornerstone

of cure, and it is also employed as a palliative treatment to
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Table 1 Clinical and pathological characteristics of a national cohort of 7023 patients that underwent open or laparoscopic resections for colon

cancer in 2007–2010

Patient

characteristics

Total

(n = 7023; 100 %)

%

Open

(n = 5122;

72.9 %)

%

Laparoscopya

(n = 1901; 27.1 %)

%

P� Converted

(275/1901;

14.5 %)

%b

P�

Year of diagnosis

2007 24.7 84.1 15.9 \0.001 15.2 0.177

2008 25.5 75.6 24.4 12.1

2009 25.4 67.7 32.3 13.5

2010 24.4 64.3 35.7 16.7

Gender

Female 51.9 73.1 26.9 0.762 12.2 0.004

Male 48.1 72.8 27.2 16.8

Age (years)

\66 27.8 73.4 26.6 0.603 15.9 0.530

66–79 43.2 73.2 26.8 14.0

[79 29.0 72.1 27.9 13.7

Localization

Right 56.7 71.7 28.3 \0.001 12.0 \0.001

Left 8.1 84.0 16.0 31.9

Sigmoid 35.2 72.3 27.7 16.3

T stage

pT1–3 88.3 72.1 27.9 \0.001 13.1 \0.001

pT4 11.7 84.3 15.9 39.0

N stage

pN0 58.0 71.5 28.5 \0.001 12.4 \0.001

pN? 42.0 75.7 24.3 18.5

Tumour size

\5 cm 54.8 53.2 60.0 \0.001 49.4 \0.001

[5 cm 45.2 46.8 40.0 50.6

Stage of disease

I–III 83.4 71.3 28.7 \0.001 12.8 \0.001

IV 16.6 81.3 18.7 27.1

Urgency

Elective 82.7 68.1 93.9 \0.001 13.8 \0.001

Acute 17.3 31.9 6.1 38.0

Anastomotic leak

Yes 4.8 5.3 3.2 \0.001 23.0 0.056

No 95.2 94.7 96.8 14.2

Annual hospital volume

\25 8.7 87.6 12.4 \0.001 8.1 0.102

C25 91.3 72.0 28.0 15.0

Hospital teaching status

Yes 79.7 72.7 27.3 0.444 15.6 0.005

No 20.3 73.7 26.3 9.9

� P value based on Pearson’s Chi-square test
a Included converted procedures
b Per cent of procedures that commenced as laparoscopic procedures
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relieve detrimental symptoms in patients with advanced

disease. Laparoscopic colectomy was first reported in 1991

[2], and it has since emerged as an alternative to open

colectomy. However, laparoscopic colon resection is con-

sidered a rather complex procedure. Thus, the surgical

community’s adoption of the laparoscopic approach for

colorectal surgery has been slower and less widespread

compared to the adoption of laparoscopic procedures for

other indications.

Randomized controlled multicentre trials have shown

similar long-term survival outcomes with open and

laparoscopic techniques [3–6]. However, randomized trials

have strict inclusion criteria, and generalizability to other

populations may be limited by patient selection. Accord-

ingly, it is important to assure that outcomes from ran-

domized trials can be reproduced in large patient cohorts

that reflect common surgical practice for treatment of this

life-threatening disease [7, 8]. Presently, data on the extent

that laparoscopic colon resection is used for treating cancer

in routine clinical practice and the outcomes of those

treatments are currently limited [9], because most data in

contemporary literature were obtained from retrospective

institutional audits [10–13].

In the present study, short- and long-term outcomes

were evaluated in a large national cohort after laparoscopic

surgery for colon cancer was introduced into routine clin-

ical practice.

Materials and methods

This observational study was conducted according to the

suggested STROBE guidelines [14].

Ethics

Data were reported and collected according to govern-

mental regulations for the Cancer Registry of Norway.

Anonymous data were provided for analyses. The study

was classified as an evaluation of current practice; thus, it

did not require approval of the Regional Ethics Committee.

Study population

We evaluated data recorded in the Cancer Registry of

Norway (CRN) regarding patients treated with major sur-

gical resections for primary colon cancer, between 1 Jan-

uary 2007 and 31 December 2010. National legislation

requires that all patients diagnosed with solid tumours must

be recorded in the CRN. Data on patients with colon cancer

are also recorded in the Norwegian Colorectal Cancer

Registry (NCCR), which is a clinical quality registry that

forms part of the CRN. Hospitals nationwide record data on

patient demographics, disease stage, treatments employed,

and follow-up information, including recurrences. All res-

idents of Norway have a unique, 11-digit personal number

that enables complete patient follow-up. The dates of death

were obtained from Statistics Norway (http://www.ssb.no)

in February, 2014. The registry also made regular queries

to the responsible hospitals to collect missing and follow-

up data on clinical outcomes, including times and locations

of recurrent disease.

Clinical management

Surgery was performed according to national guidelines,

based on current surgical state-of-the art practices. The

decision of whether to use an open or laparoscopic

approach was based on hospital policy and the technical

skills of the surgical staff. In accordance with the national

standard of care, laparoscopic surgery was considered

when the surgical team and department had the necessary

experience, and when preoperative examinations indicated

that tumour resection was technically feasible. Develop-

ment of laparoscopic skills was the responsibility of the

individual surgical departments, and did not occur within a

national training programme. The national guidelines for

elective cases recommended a preoperative work-up that

included a complete bowel examination, with or without a

biopsy, for malignant tumour confirmation; a measurement

of serum carcinoembryonic antigen (CEA); and a com-

puted tomography (CT) scan of the chest and abdomen. In

the emergency setting, patient examinations were based on

their clinical presentation and the time available before

urgent surgery. Patients were followed for 5 years. Follow-

up examinations included a biannual serum CEA mea-

surement, a biannual contrast-enhanced ultrasound exami-

nation of the liver, and an annual low-dose CT scan of the

chest. Any loco-regional or distant recurrences, identified

according to criteria defined in national guidelines, were

reported to the NCCR [15]. No data were available

regarding BMI, previous abdominal surgery, specific

comorbidity, or surgeon experience.

Definitions

Demographic data included gender and age. Age groups

were defined as B 65 years (working age), 65–79 years

(retired and generally eligible for active surgical or onco-

logical treatment of recurrences), and C 80 years of age

(aged patients). An anastomotic leak was defined as a leak

from the anastomosis, confirmed by imaging or

reoperation.
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Surgery

Laparoscopic resection was defined as any resection per-

formed laparoscopically that did not require conversion to

open surgery. Conversion to open surgery was defined as a

procedure that had commenced as a laparoscopic proce-

dure, but eventually, for any reason, was converted to a

laparotomy. For the present analyses, surgical procedures

were categorized as right-sided resections (including the

transverse colon), left non-sigmoid resections (including

the left colon flexure and the descending colon), or sigmoid

resections. Patients with resections of the recto-sigmoid

junction that included part of the rectum were excluded.

Hospital volume and teaching status

In Norway, surgery for colon cancer is exclusively offered

in public, government-owned, non-profit hospitals. The

hospitals included in this study were categorized according

to the annual number of colon resections for cancer; hos-

pitals performed either\ 25 or C 25 annual resections

(i.e.\ 2 or C 2 resections per month) [16, 17]. Hospitals

were also classified as either teaching hospitals (i.e. those

that provided a fellowship programme for subspecialist

training in gastrointestinal surgery) or non-teaching hos-

pitals (i.e. those without an approved teaching programme).

Staging and tumour characteristics

Cancer stage was classified according to the TNM classi-

fication (7th edition) [18]—which takes into account the

extent of the primary tumour (T), the involvement of

regional lymph nodes (N), and the presence or absence of

distant metastases (M)—expressed in Arabic numeral

notations. Disease stage was based on cancer staging,

expressed in Roman numerals. The colon was defined as

the large intestine, starting at 15 cm above the anal verge

and extending to the caecum. Tumour size was categorized

as either\ 5 or C 5 cm in diameter.

Statistical analysis

Statistical analyses were performed with IBM SPSS

Statistics (IBM Corporation) version 22 and with R 3.1.0

(http://www.r-project.org). The R-package ‘‘relsurv’’ ver-

sion 2.0-6 was employed to calculate relative survival and

excess mortality [19]. Parameters were estimated with the

maximum likelihood method. Data regarding demograph-

ics and clinico-pathological characteristics were analysed

with descriptive statistics. The Chi-squared test was used to

compare categorical variables. For dichotomous outcome

variables, we performed multivariable logistic regression

analyses with variable selection and evaluation of goodness

of fit, according to Hosmer and Lemeshow’s purposeful

variable selection method [20].

Survival up to 5 years was calculated with a relative

survival analysis, in which the probability of patients with

colon cancer surviving to a given time post-operatively was

divided by the probability that the general population

would survive to that time, given the same age, gender, and

year of birth distributions. Population survival was calcu-

lated with Norwegian population lifetime tables from

All patients

n = 10,648

Major resection

n = 8707 (81.8%)

No resection

n = 1902 (17.9%)

Synchronous

tumours

n = 16 (0.1%)

Emigrated to

other countries

n = 23 (0.2%)

All TNM stages

n = 8612 (80.9%)

Stage unknown

n = 95 (0.9%)

Open surgery

n = 5122 (48.1%)

Missing data
on surgical approach

n = 1589 (14.9%)

Included

n = 7023 (66.0%)

Laparoscopic surgery
n = 1901 (17.9%)

Fig. 1 Flowchart of study

patient selection. The

laparoscopic group (n = 1901)

included 275 procedures that are

converted to open surgery.

Analysis of patients with

missing data on the surgical

approach (n = 1589;

Supplemental Digital Content

Table 1) showed no significant

differences from the included

group, in terms of gender

(P = 0.109), emergency

presentations (P = 0.082), or

annual patient volume at the

treating hospital (P = 0.113).

However, patients excluded due

to missing data had a

significantly lower frequency of

reported anastomotic leaks

(P\ 0.004) and a higher

frequency of stage IV disease

(P = 0.047) compared to the

included cohort
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Statistics Norway (http://www.ssb.no). The excess mor-

tality was defined as the additional mortality observed in

the patient group compared to the mortality of the general

population, given the same age, gender, and year of birth

distributions [21]. The excess mortality was as a step

function which was constant over each of the post-opera-

tive time intervals studied: 0–3 months, 3–12 months,

1–2 years, 2–3 years, 3–4 years, and 4–5 years. Patients

that received laparoscopies were compared to those that

received open surgeries by calculating excess mortality

ratios, defined as the ratio of the respective excess mor-

tality rates for each post-operative time interval. This

analysis was performed on an intention-to-treat basis, in the

sense that converted procedures were considered laparo-

scopic. In addition, we grouped patients with loco-regional

disease (i.e. stages I, II, and III) into one group and com-

pared them to patients with stage IV disease, because

preoperative imaging typically can detect only gross

tumour invasions beyond the colon and mesocolic fat (i.e.

T4). More detailed T staging, based on CT scans, is cur-

rently unreliable.

After estimating basic excess mortality, we performed

multivariable analyses with a multiplicative model for the

excess hazard ratio [19]. We included factors that could

potentially influence mortality as covariates. The multi-

variable analyses then identified which factors significantly

impacted excess mortality. These analyses ensured that our

estimates of excess mortality ratios were unbiased [22]. To

guard against type 1 errors in multiple testing, we used a

level of 0.01 for the inference in each time interval, when

reporting excess mortality ratios for each time interval

during the 5-year follow-up. This level of 0.01 corre-

sponded to the use of an overall level of 0.05, with Bon-

ferroni correction for multiple testing. All other tests were

two-tailed, and the significance level was set at P\ 0.050.

Results

During the study period, a total of 10,648 patients were

registered with a first-time diagnosis of colon cancer.

Among these, 8707 patients (82 %) underwent major

Table 2 Results of univariable

and multivariable analyses of

factors associated with the

selection of laparoscopic

resection for treating colon

cancer, and potential interacting

factors

Selection of surgical approach Univariable

OR (95 % CI)

P value Multivariable

OR (95 % CI)

P value

Gender

Male versus female 1.02 (0.92–1.13) 0.76

Age groups (years)

66–79 versus B65 1.01 (0.89–1.15) 0.92

C80 versus B65 1.07 (0.93–1.22) 0.38

Year of treatment \0.00

2008 versus 2007 1.70 (1.44–2.01) \0.01 1.56 (1.30–1.92) \0.00

2009 versus 2007 2.52 (2.14–2.96) \0.00 2.50 (2.07–3.02) \0.00

2010 versus 2007 2.93 (2.48–3.44) \0.00 2.75 (2.28–3.32) \0.00

Annual hospital volume

C25 versus\25 2.73 (2.13–3.50) \0.00 2.87 (0.61–13.50) 0.18

Teaching hospitals

Non-teaching versus teaching 0.88 (0.79–0.99) 0.03 0.09 (0.02–0.41) \0.00

Tumour location \0.00

Left versus right colon 0.48 (0.38–0.61) \0.00 0.49 (0.38–0.63) \0.00

Sigmoid versus right colon 1.01 (0.89–1.13) 0.97 1.10 (0.96–1.27) 0.16

Clinical presentation

Elective versus acute 7.16 (5.60–9.17) \0.00 4.14 (2.53–6.80) \0.00

TNM stage

I–III versus IV 1.75 (1.49–2.05) \0.00 1.53 (0.87–2.69) 0.14

Tumour size

\50 versus C50 mm 1.24 (1.11–1.38) \0.00 1.19 (1.05–1.35) \0.00

T stage

T1–3 stages versus T4 stage 2.07 (1.70–2.53) \0.00 1.70 (1.36–2.13) \0.00

Effects of interaction

Teaching status by annual volume 9.90 (2.04–48.10) \0.00

TNM stage by clinical presentations 2.10 (1.16–3.82) 0.02
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resections at 54 different Norwegian hospitals (Fig. 1). We

excluded patients with incomplete data regarding disease

stage (n = 95; 0.9 %) or surgical approach (n = 1589;

14.9 %; Supplemental Table S1). Thus, a total of 7023

patients with major colon resections were eligible for

analysis. Of those, 5036 (72 %) patients had TNM stages

I–III colon cancer and were treated electively.

Table 1 shows patient demographics and clinico-

pathologic characteristics. A laparoscopic approach was

attempted in 1901 operations (27.1 %), and 275 (14.5 %)

of these procedures were converted to open surgery. Dur-

ing the study period, the proportion of laparoscopic pro-

cedures increased from 15.9 % in 2007 to 35.7 % in 2010

(P\ 0.001). Among the 54 hospitals included in this

study, 9 (16.7 %) performed laparoscopic colon surgery in

2007 as compared to 19 (35.2 %) in 2010. Gender and age

distributions were similar between the groups treated with

different surgical approaches. Laparoscopic surgery was

more common in patients with right-sided and sigmoid

tumour locations compared to those with left-sided

tumours. Laparoscopy was more common in pT1–3 than in

pT4 tumours. The proportion of patients with at least 12

harvested lymph nodes in laparoscopic resections was

78.3 %, as compared to 72.4 % in open surgery

(P\ 0.001).

Selection of surgical approach

Clinical and tumour-related characteristics were inclu-

ded in univariable and multivariable regression analyses

to identify factors that might be related to the selection

of the different surgical approaches (Table 2). Multi-

variable regression analyses showed that elective

treatment was the most important factor in the choice of

laparoscopy over open surgery (OR 4.1; 95 % CI

2.53–6.80). Other significant factors included a less

advanced T stage (pT1–3 versus pT4; OR 1.7; 95 % CI

1.36–2.13) and smaller tumour size (\ 5 ver-

sus C 5 cm; OR 1.2; 95 % CI 1.05–1.35). Compared to

tumours in the right colon or the sigmoid colon,

tumours in the left colon were less likely to be resected

with laparoscopic surgery (OR 0.5; 95 % CI 0.38–0.63).

Patients treated at non-teaching hospitals were less

likely to undergo laparoscopic surgery (OR 0.1; 95 %

CI 0.02–0.41) when compared to patients treated at

teaching hospitals.

Conversion from laparoscopy to open surgery

Among procedures that were commenced as laparoscopic,

the overall conversion rate was 14.5 %. This rate remained

unchanged throughout the study period. Multivariable

regression analysis showed that, compared to right-sided

tumours, conversion rates were higher for left-sided

tumours (OR 3.8; 95 % CI 2.26–6.52) and sigmoid tumours

(OR 1.8; 95 % CI 1.29–2.45). Higher conversion rates

were also associated with pT4 tumours (OR 3.5; 95 % CI

2.29–5.48), acute surgery (OR 3.3; 95 % CI 1.85–6.06),

and TNM stage IV (OR 2.0; 95 % CI 1.36–2.96). Gender,

age, and annual patient volume at the treating hospital were

not significant predictors for conversion (Supplemental

Table S2).

Table 3 Univariable and

multivariable analyses of factors

associated with anastomotic

leak after laparoscopic or open

resection for colon cancer

Univariable HR P value Multivariable HR P value

Gender

Male versus female 1.78 (1.43–2.11) \0.001 1.68 (1.32–2.14) \0.001

Age group 0.172

Year of diagnosis 0.458

Annual hospital volume 0.500

Surgical approach

Laparoscopy versus open 0.60 (0.45–0.79) \0.001 0.52 (0.38–0.72) \0.001

Educational level 0.843

Tumour location

Left versus right 1.44 (1.01–2.01) 0.043

Sigmoid versus right 1.06 (0.83–1.36) 0.625

Clinical presentation

Acute versus elective 1.34 (1.03–1.75) 0.027

Disease stage

IV versus I–III 1.31 (1.00–1.71) \0.047 0.76 (0.57–1.02) 0.066

Tumour size 0.343

T stage 0.641
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Anastomotic leaks with different procedures

The anastomotic leak rate was significantly lower after

laparoscopy (3.2 %) than after open surgery (5.3 %)

(P\ 0.001). This difference remained significant also

when comparisons were limited to patients treated elec-

tively for stages I–III disease (3.4 % and 5.3 %, respec-

tively; P\ 0.001). Multivariable regression analysis

revealed that the anastomotic leak rate was associated with

gender (male vs. female: OR 1.7; 95 % CI 1.32–2.14) and

surgical approach (laparoscopic vs. open surgery: OR 0.5;

95 % CI 0.38–0.72) (Table 3).

Survival

Regardless of the surgical approach, the median follow-up

period was 61 (range 38–85) months. The relative survival

at 5 years was 70.0 % in the laparoscopic group

(n = 1901) and 62.1 % in the open surgery group

(n = 5122) (P = 0.040) (Fig. 2A). When analysing

patients that underwent elective resections for stages I–III

disease (n = 5857), the relative survival was 77.7 % in the

laparoscopic group and 80.6 % in the open group

(P = 0.535) (Fig. 2B). Survival was similar within stage I,

II, or III when analysed separately. In patients with stage

IV disease, the relative 5-year survival was 19 % in both

groups after colon resections (Fig. 2C).

Excess mortality and multivariable analysis

The excess mortality ratios of laparoscopic to open surgery

are shown in Table 4 and Fig. 3. Excess mortality (with

P at the 0.01 level of significance) was lower in the

laparoscopic group than in the open group during the first

two years after surgery, and the rates were similar there-

after. However, when this analysis was limited to patients

that received elective surgery for stages I–III disease, the

excess mortality was similar at all time intervals of follow-

up (P level at 0.01).

Multivariable analyses of other possible predictors of

5-year survival showed that male patients had a signifi-

cantly increased risk of death compared to females, when

operated electively for stages I–III tumours (Table 4). A

higher age was a significant predictor of death in all

bFig. 2 Five-year relative survival rates. The relative survival is

calculated as the number of patients that received either laparoscopic

or open surgical resections for colon cancer between 2007 and 2010

compared to the number of age- and sex-matched individuals in the

general population that survived over the same 5-year period. Five-

year relative survival rate are shown for A all patients, B all patients

with stages I–III disease that received elective treatments, and C all

patients with stage IV disease
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stratified patient groups; this result indicated that the

diagnosis and treatment of colon cancer was associated

with a higher risk of death in patients C 80 years com-

pared to patients in younger age groups, regardless of

surgical approach. Surgery for sigmoid tumours was

associated with a significantly lower risk of death com-

pared to resections of the right colon (excess hazard, 0.6;

P\ 0.001), but not resections of the left non-sigmoid

colon, for stages I–III disease. Emergency procedures were

associated with a twofold increase (P\ 0.001) in the

5-year mortality for patients with stages I–III disease, and

with a 1.6-fold increase (P\ 0.001) for patients with stage

IV disease. Lymph node involvement (i.e. pN?) was the

strongest predictor of the 5-year risk of death; this condi-

tion increased the excess hazard by 3.1 (P\ 0.001) among

patients with stages I–III disease that received elective

treatments.

Discussion

This study shows that nationwide implementation of

laparoscopy in the surgical treatment of colon cancer has

been safe, with long-term survival similar to that achieved

with open surgery in the setting of common daily practice

in a large national patient cohort.

Table 4 Multivariable analysis

of factors associated with

increased mortality after

surgical resection for colon

cancer

Years All stages Stage I–III elective Stage IV

HR P value** HR P value** HR P value**

Excess risk of mortality for disease factors at different times after surgerya

0–0.25 0.53 \0.001** 0.39 0.016 0.72 0.159

0.25–1 0.50 \0.001** 0.46 0.017 0.57 0.007**

1–2 0.69 0.013 0.58 0.038 0.78 0.200

2–3 0.72 0.103 0.82 0.536 0.71 0.225

3–4 1.35 0.164 1.18 0.571 1.76 0.088

4–5 2.04 0.085 1.36 0.538 2.75 0.167

Excess risk of mortality for disease factors associated with independent predictors of death

Gender

Male versus female ns 1.27 0.034 ns

Age groups (years)

66–79 versus\66 1.41 \0.001 1.61 \0.001 1.25 0.010

[79 versus\66 2.10 \0.001 2.22 \0.001 1.81 \0.001

Year of diagnosis

2008 versus 2007 1.17 0.041 1.51 0.017 ns

2009 versus 2007 1.22 0.016 2.16 \0.001 ns

2010 versus 2007 1.32 0.002 1.95 0.001 ns

Annual hospital volume

C25 versus\25 ns ns ns

Non-teaching versus teaching hospital ns ns ns

Tumour location

Left versus right 0.88 0.211 1.12 0.524 0.75 0.048

Sigmoid versus right 0.81 0.002 0.55 \0.001 0.82 0.024

Clinical presentation

Acute versus elective 1.99 \0.001 – – 1.59 \0.001

TNM stage

IV versus I–III 5.25 \0.001 – – – –

T stage

pT4 versus pT1–3 1.62 \0.001 – – 1.25 0.012

N stage

pN? versus pN0 2.36 \0.001 3.11 \0.001 1.85 \0.001

** Level of significance is set at P = 0.01 to correct for multiple testing
a The excess hazard ratios for laparoscopic versus open surgery are calculated at several time intervals

during follow-up
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Fig. 3 Excess mortality ratios

for different patient groups.

Excess hazard ratios are

calculated for patients with

colon cancer treated between

2007 and 2010. This ratio

compares excess mortality rates

between the two treatment

groups, i.e. the excess mortality

of the laparoscopic group to the

excess mortality of the open

surgery group. Excess hazard

ratios are shown with 99 %

confidence intervals for various

time intervals during the 5-year

follow-up. Ratios are calculated

for A all patients, B patients

treated electively for stage I–III

disease, and C patients treated

for stage IV disease
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Several randomized controlled trials (RCTs) [4, 23–27],

systematic reviews [3], and meta-analyses [5, 6] have

reported similar long-term survival rates for patients that

received laparoscopic and open surgery for colon cancer

resections. These studies, however, were mostly phase III

trials, and they imposed strict patient inclusion criteria.

Also, those operations were most likely performed by

surgeons with special interest and skills in laparoscopy, and

often in highly specialized hospitals. Thus, it may be dif-

ficult to generalize those results to a general population,

due to selection bias. Currently, there is only sparse

information available on the long-term outcomes of

laparoscopic treatments for colon cancer performed in

routine surgical practice. Accordingly, it is important to

determine whether the outcomes from RCTs can be

reproduced in large patient cohorts managed in a daily

practice setting, which is comparable to a phase IV or

implementation study.

To reflect this setting, we used an intention-to-treat

analytical approach by grouping the patients according to

preoperative information regarding disease stage (i.e. loco-

regional, stages I–III disease, or stage IV disease) and by

grouping converted procedures with completed laparo-

scopic surgeries for the analyses. Our results confirmed that

laparoscopic surgery for colon cancer could be safely

performed in a routine practice setting for the subgroup of

patients treated electively for limited disease (i.e. stages I–

III and/or tumour sizes\ 5 cm). Relative survival was

high within the largest subgroup of patients with less

advanced disease (i.e. stages I–III, tumour size\ 5 cm)

that was treated electively. This selection of patients to

laparoscopy complies with current recommendations

regarding the safe performance of laparoscopic resection

for curable colon and rectal cancer as defined by the

Society of American Gastrointestinal and Endoscopic

Surgeons (SAGES) [28] and the British guidelines for case

selection for laparoscopic colorectal resection from the

National Training Programme for Laparoscopic Colorectal

Surgery [29]. At the time of introduction of laparoscopic

surgery, no formal guidelines or national training pro-

gramme existed in Norway. These results observed in this

study were most likely due to reasonable patient selection.

Patients treated by laparoscopic surgery showed signif-

icantly better relative survival and lower excess mortality

during the first 2 years of follow-up, when compared to

those with open surgery. However, no significant between-

group differences were observed during the later 3 years

(Table 4). In fact, during the last years of follow-up, there

was a slightly higher mortality rate among patients that

received laparoscopic surgery than those that received open

surgery. This result apparently counteracted the initial

favourable results observed in the laparoscopic group

(Fig. 3 A–C). However, these differences did not reach

statistical significance, probably due to the fewer patients

included in the analyses of the later years of follow-up.

This assumption was supported by the large confidence

intervals. Overall, our findings may indicate that laparo-

scopic surgery was associated with some beneficial effects

during the first two years post-surgery; however, we lack

sufficient data to elaborate on this hypothesis further. We

observed no between-group differences in excess mortality

among the patients with stages I–III disease that were

treated electively, nor when calculating relative survival in

stage I, II, or III separately. This lack of difference may be

attributable to selection, because patients that received

operations in an emergency setting were excluded.

This study suggested that the laparoscopic approach was

rapidly and widely implemented during the study period.

Most hospitals with a large annual colectomy volume

([ 25 operations) and most teaching hospitals have incor-

porated laparoscopic colon resections as part of their rou-

tine practice. The procedure-type conversion rate did not

change during the study period. Although we had no data

regarding the technical skills or experience of individual

surgeons, there was most likely a gradual increase in the

number of patients with colon cancer selected for laparo-

scopy, in parallel with the increase in surgeon experience

with laparoscopic surgery throughout the study period. The

implementation of laparoscopic surgery is, as any new

surgical technique, associated with a learning curve, and

may lead to longer operation time, increased complications

or a higher frequency of conversion to open surgery. This

may be particularly true in the setting of low-volume

hospitals. Unfortunately, the NCCR does not provide

detailed data for further evaluation.

We found that tumours located in the right colon and the

sigmoid were more likely to be treated with a laparoscopic

approach than tumours in the left colon. This was pre-

sumably due to the infrequent occurrence and technical

challenges associated with left colon tumours. The careful

selection of patients that received laparoscopic resection

helped make this procedure a safe surgical alternative to

conventional open surgery. The data showed that laparo-

scopic resection was associated with a lower anastomotic

leak frequency and similar relative survival compared to

open surgery. However, the significantly lower frequency

of anastomotic failure was not consistent with results from

prior randomized studies [25, 30]. Our data were insuffi-

cient to explain this difference clearly; however, we sus-

pect that factors known to influence favourable outcomes,

such as BMI, comorbidity, previous abdominal surgery,

and surgeon skills, also most likely influenced the selection

of patients for laparoscopy.

Derived from a national registry, the present study

cohort included patients that underwent colon resection

between 2007 and 2010. The end of this study period was
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contemporary with the first release of long-term results for

laparoscopic procedures. Thus, fewer procedures were

performed at the start of national implementation, and the

number of procedures may have increased towards the end

of the study period, with surgeon experience and confir-

mation of long-term results from RCTs [4, 5, 31–34]. We

included patients that underwent resection up to 2010, and

we collected follow-up data for approximately 5 years.

This study had some limitations. The most conspicuous

limitation was the absence of data regarding patient peri-

operative comorbidity and functional status, which is an

inherent limitation of most national registry studies. We

also lacked data on surgeon experience; however, we note

that the conversion rate from laparoscopic to open surgery

did not change significantly during the 4-year study period

and that the conversion rate was considerably lower than

that typically found in randomized trials [4, 25]. These

observations suggested that surgeon experience did not

substantially impact the results.

Missing data are generally acknowledged as a disad-

vantage and a challenge of large national registries. Miss-

ing data on surgical approach in some 15 % of the patients

are most likely due to suboptimal reporting from the var-

ious hospitals, and may have the potential of introducing a

selection bias. Therefore, we investigated the possibility of

a selection bias regarding the group with missing data on

surgical approach. Table S1 displays various characteristics

with regard to missing data. Accordingly, we think that the

missing of data in this regard has a very limited systematic

influence on outcomes, if any. Furthermore, because we

retrieved data from the national registry, we did not aim to

identify causative relationships; instead, we aimed to pro-

vide a clear depiction of whether the laparoscopic approach

in daily routine could achieve outcomes similar to those

achieved with open surgery in a large, unselected patient

cohort. The use of relative survival as the main outcome

depicted mortality associated with the diagnosis and

treatment of colon cancer, and thus, a comparison of these

two surgical approaches from a national perspective was

warranted.

In conclusion, this analysis showed that laparoscopic

surgery for colon cancer was safe and feasible in routine

practice with regard to short- and long-term outcomes, and

thus adds support to previous results reported from ran-

domized controlled trials.
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