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ABSTRACT

Aim

The LAFA study compared laparoscopic and open resections for adenoma or adenocarcinoma of 

the colon, within a fast track (FT) or standard care perioperative regimen. We aimed to compare 

long-term overall survival, cumulative incidence of recurrence, quality of life, incisional hernia rate 

and adhesion related small bowel obstruction (SBO) rate in the 2-5 years following randomization.

Methods

We performed a long-term case-note review of patients randomized in the LAFA study. Endpoints 

were overall survival, cumulative incidence of recurrence, quality of life, incisional hernia rate, 

and the rate of SBO requiring admission or reoperation. The open and laparoscopic groups were 

compared.

Results

Data were available for 399 of 400 patients; 208 patients in the laparoscopic group, and 191 

patients in the open group. Median follow-up was 3.4 years. Baseline data were similar. There 

was no difference in overall survival (hazard ratio 1.1 (95% CI 0.6 - 2.0); P=0.730) or in cumulative 

incidence of recurrence (Gray’s test P=0.51) between the open and laparoscopic group. There was 

no difference in quality of life (P>0.35 for all scales). Multivariable regression showed that open 

colectomy is an independent predictor for incisional hernias (OR 2.4 (95% CI 1.1 - 5.3); P=0.022) 

and adhesion related SBO (OR 3.7 (95% CI 1.1 - 12.5); P=0.038).

Conclusion

We observed no difference in survival, recurrences or quality of life in this study. Laparoscopic 

resection led to a significant reduction in incisional hernias and adhesion related small bowel 

obstruction.
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INTRODUCTION

Laparoscopic and open resections for colon cancer have been compared extensively in various 

randomized controlled trials (RCT). In a Cochrane systematic review performed in 2008, Kuhry et 

al performed a meta-analysis and concluded that long-term recurrence and mortality rates for 

laparoscopic resection of colon cancer do not differ from those for open colectomy.1 This study 

also concluded that there was not enough evidence to determine if the incidence of incisional 

hernias and adhesion related complications was affected by laparoscopic surgery. More recent 

publications - including the long-term results of the MRC CLASICC trial - indicate that laparoscopic 

colorectal surgery could possibly lead to a lower incisional hernia and adhesion-relation SBO   

rate2-6, other publications however contradict these findings.7,8

Incisional hernias and adhesion related small bowel obstruction (SBO) are important long-

term complications of abdominal surgery. Reported incidence of incisional hernia after midline 

laparotomy varies between 11 and 23 per cent.9 Approximately one-third of patients experiences 

pain and discomfort and up to 20 per cent of all incisional hernias require surgical repair, with 

recurrence rates after primary repair of 24 - 54 per cent.9,10  The incidence of adhesion related 

readmissions has been studied by the Surgical Clinical Adhesions Research (SCAR) study group. 

In a 5-year follow-up period of 12,756 patients with lower abdominal surgery the overall risk of 

readmission directly related to adhesions was 3.8 per cent. In the subgroup of 1,597 patients 

who had a resection for colon cancer, this risk was 3.8 per cent as well.11 Clearly, both these 

complications constitute a large burden on healthcare.

In the LAFA study, patients with colon adenoma or cancer were randomized to laparoscopic 

or open resection within a fast track (FT) or standard perioperative program. The main short-

term outcomes were hospital stay, morbidity and costs, and were published previously. 12,13 For 

the present study, we compared long-term overall and recurrence free survival, quality of life, 

incisional hernia rate and adhesion related small bowel obstruction (SBO) rate in the 2-5 years 

following randomization to laparoscopic or open resection.

METHODS

Between 2005 and 2009 patients who had an elective colectomy for a histologically confirmed 

adenoma or adenocarcinoma of the colon were randomized into four treatment groups in the 

multi-center LAFA study.13 Patients were randomized to laparoscopic or open colectomy, combined 

with either a Fast Track (FT) care program or a standard care program in a 2x2 balanced factorial 
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design. Details on the study design and short-term outcomes of this study have been published 

previously.12,13 The study protocol was approved by the Institutional Review Board of the Academic 

Medical Center in Amsterdam, The Netherlands and is registered under NRT222 (www.trialregister.

nl).

Follow-up

In October 2011 all patients had a follow-up period of at least 2 years and we reviewed all medical 

records. Also, we sent a questionnaire to all living patients, inquiring about incisional hernias and 

reoperations after the colectomy to verify the data retrieved from the medical records. If a patient 

had not been at the outpatient clinic or at their general practitioner for more than one year and 

if they did not respond, we reviewed the Municipal Personal Records Database to verify if the 

patient was alive or deceased. All data were combined with the pre-existent data of the LAFA 

study.

Outcomes

No long-term effect of the choice of perioperative program was expected; we therefore 

compared long-term outcomes of the open and laparoscopic colectomy groups irrespective of 

the perioperative program. Outcome measures were overall survival, recurrence free survival, 

quality of life, the number of patients with an incisional hernia and the number of patients who 

had an episode of adhesion related short bowel obstruction (SBO) within 2-5 years of follow-up. 

Furthermore we looked at the number of patients that had a reoperation for an incisional hernia 

or for adhesion related SBO. Overall survival was defined as the time between surgery and death 

by any cause of all patients with tumour stage I or higher. Time to recurrence was defined as the 

time between surgery and diagnosis of first cancer recurrence, with death by any cause other than 

colon cancer considered as a competing risk. Quality of life was assessed using the Short Form 36 

(SF-36)14 and the gastrointestinal quality of life index (GIQLI).15 An incisional hernia was defined 

as an abdominal wall hernia - at the location of the colectomy incision - diagnosed by a medical 

specialist, either by physical examination or by radiologic imaging. An episode of SBO was defined 

as such if adhesions causing SBO were observed during surgery, or if the patient was admitted to 

the hospital, and no other causes of SBO (i.e. obstructive tumours, stenosis, internal herniation) 

were identified on imaging or during surgery, analogous to the definitions used in the CLASICC 

trial.2

Statistical analysis

Data were analyzed according to the intention to treat principle. We performed auxiliary analyses 

comparing the fast track group to the standard care group for all study endpoints to verify that 

there was no long-term effect of the choice of perioperative program. Categorical data were 
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reported as numbers and percentages and continuous data as median with interquartile range 

(IQR). For dichotomous outcomes, laparoscopic and open colectomy groups were compared with 

χ2 test and Fisher’s exact test where appropriate. To compare medians, the Mann-Whitney U test 

was used.

For all patients with a TNM-stage16 of I or higher, we plotted overall survival curves and compared 

the open and laparoscopic groups with the log-rank test following Kaplan-Meier survival analysis.  

We plotted an actual cumulative incidence probability plot for recurrence and the groups were 

compared with the Gray’s test.17 To determine the effect of conversion on survival, we also 

compared overall survival and actual cumulative incidence for three groups: open colectomy, 

laparoscopic colectomy and a conversion group. Quality of life scores were compared using the 

Mann-Whitney U test, since the data were skewed.

To determine independent predictive factors for an incisional hernia or an episode of SBO, we used 

univariable and subsequent multivariable logistic regression. To correct for differences in duration 

of follow-up we added a ‘time to event’ variable (event being the first incisional hernia or first 

episode of SBO respectively), on which we did a square root transformation because the relation 

between time to event and the cumulative incidences of these incisional hernias or episodes of 

SBO were non-linear. For the patients that had an incisional hernia repair or a reoperation for 

adhesion related SBO we did a logistic regression in which we were only able to correct for duration 

of follow-up, due to the number of events. To illustrate the effect of conversion and reoperation on 

incisional hernias, we plotted a Kaplan-Meier curve for five groups using a per protocol analysis: 

laparoscopic resection, open resection, laparoscopic resection converted to open, laparoscopic 

reoperation due to complications and midline laparotomy due to complications. Maximum time 

of follow-up was five years. All tests were two-sided and p values <0.05 were deemed significant. 

Most statistical analyses were performed with IBM SPSS Statistics for Windows (version 19.0) or 

NCSS 2007; the ‘cmprsk’ R package was used for Gray’s test.

RESULTS

Details of patient inclusion are shown in Figure 1. In the original LAFA study 400 patients were 

included. Of these patients, 70 had died at the time of follow-up, and one patient was lost to 

follow-up. A questionnaire was sent to 329 patients, of which 281 (85 per cent) responded. In 

total, we included 399 patients for analysis. Median follow-up time was 3.4 (IQR 2.6 - 4.4) years.
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Figure 1. Patient flow chart

Auxiliary analyses confirmed that there was no long-term effect of the choice of perioperative 

program for any of the endpoints (data not shown). Baseline and clinical characteristic at the time 

of randomization are shown for the open (n=191) and laparoscopic (n=208) groups in Table 1.

Figure 2 shows overall survival which was similar in both groups for all tumour stages (log-rank 

P=0.722, hazard ratio for death in the laparoscopy group 1.10 (95% CI 0.67 - 1.80)). Also after 

stratification for tumour stages overall survival was similar in both groups. When we compared 

overall survival for three groups - open colectomy, laparoscopic colectomy and a conversion 

group - there was no significant difference (overall log-rank P=0.202). Hazard ratio for death in 

the conversion group in comparison with the open group was 2.05 (95% CI 0.90 - 4.69), P=0.088). 

Figure 3 shows the actual cumulative incidence of recurrences, corrected for patients who died 

from another cause than colon cancer. Cumulative incidence rate was similar for the laparoscopic 

and open group in all stages (Gray’s test, P=0.51), and it was also similar for both groups after 

stratification for stages. When comparing cumulative incidence rate for open, laparoscopic and 

converted colectomy, there was no significant difference (Gray’s test P=0.26). We observed no 

difference in quality of life between the open and laparoscopic group measured by the SF-36 (all 

scales P>0.35) and the GIQLI (all scales P > 0.65).
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Table 1. Baseline and clinical characteristics of the included patients (n=399)

Open (N=191) Laparoscopy 
(N=208)

P value

Male sex 113 (59.2) 121 (58.2) 0.841

Age (year) 67 [61-73] 68 [60-74] 0.440

Body Mass Index (kg/m2) 26.1 [23.4 - 29.1] 25.7 [23.4 - 27.7] 0.566

ASA Grade I or II 137 (71.7) 156 (75.0) 0.538

Co-morbidity 122 (63.9) 145 (69.7) 0.216

Type of colectomy 0.761

Right-sided 85 (44.5) 90 (43.3)

Left-sided 103 (53.9) 116 (55.8)

TNM stage (histopathology) 0.325

No tumour or Stage 0 31 (16.2) 31 (14.9)

Stage I 32 (16.8) 49 (23.6)

Stage II 62 (32.5) 58 (27.9)

Stage II A 58 56

Stage II B 2 -

Stage II C 2 2

Stage III 58 (30.4) 61 (29.3)

Stage III A 9 8

Stage III B 43 48

Stage III C 6 5

Stage IV 8 (4.3) 9 (4.3)

Stage IV A 7 7

Stage IV B 1 2

Conversion rate - 25 (12.0)

Protocol violation (type of surgery) 0 (0) 4 (1.9)

Incision type ⁰ <0.001

Midline 159 (83.2) 22 (10.6)

Transverse 31 (16.2) 5 (2.4)

Mini-midline (extraction site) - 31 (14.9)

Pfannenstiel (extraction site) - 50 (24.0)

Transverse (extraction site) - 12 (5.8)

Other 1 (0.5) 64 (30.8)

Duration of surgery (min) 129 [107 - 160] 171 [138 - 200] <0.001

Blood loss (ml) 200 [100 - 312] 75 [0 - 173] <0.001

Table is adapted from the original LAFA study publication.13 ASA: American Society of Anesthesiologists. ⁰ 
Incision type is missing for n=24 (11.5%) in the laparoscopy group.

3



56

Chapter 3 

Figure 2. Overall survival by open and laparoscopic colectomy, stratified for any stage (A), stage I (B), stage II 
(C) and stage III (D) 

Figure 3. Actual cumulative incidence of recurrence for laparoscopic versus open colectomy, accounting for 
death by any other cause than colon cancer as a competing risk,  stratified for any stage (A), stage I (B), stage 
II (C) and stage III (D)
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Table 2 shows the rates of patients with an incisional hernia, patients with incisional hernia repair, 

patients with an episode of adhesion related SBO, and patients who had adhesiolysis for short 

bowel obstruction. 

Table 2. Number of patients with incisional hernia and/ or a first episode of small bowel obstruction

Open (N=191) Laparoscopy (N=208)

Incisional hernia 32 (16.8) 21 (10.1)

Incisional hernia repair 18 (9.4) 14 (6.7)

Small bowel obstruction (adhesion related) 14 (7.3) 5 (2.4)

Adhesiolysis for small bowel obstruction 7 (3.7) 3 (1.4)

Table 3 shows in which incision types the incisional hernias were observed. Of the 212 patients 

that had a midline incision or a mini midline extraction site, 45 (21.2%) patients developed an 

incisional hernia. Of the 50 patients that had a Pfannenstiel incision as extraction site, only 2 

(4.0%) patients developed an incisional hernia. 

Table 3. Incision type where incisional hernias were observed

Open (N=191) Laparoscopy (N=208)

Midline incision 30 (15.7) -

Transverse incision 2 (1.0)

Laparoscopy converted to midline or transverse incision - 4 (1.9) †

Laparoscopy, but midline incision for reoperation - 4 (1.9)

Mini-midline extraction site 7 (3.4)

Pfannenstiel extraction site 2 (1.0)

Other extraction site 2 (1.0)

Trocar hernia - 2 (1.0)

Total 32 (16.8) 21 (10.1)

† 2 midline incisions & 2 transverse incisions

Tables 4a and 4b show the results of multivariable analysis. After correction for follow-up and 

body mass index, open colectomy in comparison to laparoscopic colectomy is an independent 

predictive factor for the presence of an incisional hernia (OR 2.44 (95% CI 1.12 - 5.26); P=0.022) and 

after correction for follow-up, open colectomy is also an independent predictive factor for a first 

episode of adhesion related SBO (OR 3.70 (95% CI 1.07 - 12.50); P=0.038). Logistic regression, in 

which we only corrected for duration of follow-up, showed no significant effect of open colectomy 

on incisional hernia repair (OR 1.58 (95% CI 0.69 - 3.61); P=0.28) or on reoperation for adhesion 

related SBO (OR 1.88 (95% CI 0.36 - 9.83); P=0.45). 
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Table 4a. Multivariable logistic regression for incisional hernia rate

Odds Ratio (95% CI) P-value

Duration of follow-up * 0.05 (0.02 - 0.12) <0.001

Open vs. laparoscopic colectomy 2.44 (1.12 - 5.26) 0.022

BMI 1.08 (1.00 - 1.17) 0.048

Wound dehiscence - 0.752

Anastomotic leakage - 0.501

* A square root transformation was applied to duration of follow-up

Table 4b. Multivariable logistic regression for first episode of small bowel obstruction

Odds Ratio (95% CI) P-value

Duration of follow-up * 0.06 (0.02 - 0.13) <0.001

Open vs. laparoscopic colectomy 3.70 (1.07 - 12.50) 0.039

Anastomotic leakage - 0.413

* A square root transformation was applied to duration of follow-up

Figure 4 shows the Kaplan-Meier curve in which a per protocol analysis is displayed; patients who 

were converted to open surgery had a similar incisional hernia rate to patients who initially had 

open surgery. Patients who had a reoperation however, had a higher incisional hernia rate. 

Figure 4. Kaplan-Meier analysis for time to incisional hernia, compared by the actual type of surgery
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DISCUSSION

In this study laparoscopic and open resection showed similar results for overall survival and 

cumulative incidence of recurrence. Also, we observed no differences in long-term quality of life. 

Laparoscopic resection did show a significant reduction in incisional hernia and adhesion related 

SBO rates, even after correction for duration of follow-up. However, we observed no difference in 

the number of incisional hernia repairs or reoperations for adhesion related SBO.

Survival and Quality of Life

Our results on overall survival, recurrence rates and quality of life are in line with the results of 

earlier large RCTs on laparoscopic versus open colorectal cancer.1,18 Although not significant, there 

was a minor effect of conversion survival; the patients that were converted from laparoscopic to 

open colectomy had a slightly worse overall survival and a slightly higher cumulative incidence of 

recurrence then the group that had open colectomy initially. The majority of these conversions 

was performed because of a large tumour size, adhesions or even invasion (n=2) of the tumour 

into its surroundings. These patients may have had a worse outcome despite the type of surgery. 

Also, of the 25 patients in this group, 11 patients were entitled to adjuvant chemotherapy, of 

which 2 patients never started chemotherapy and 3 stopped chemotherapy early.

Incisional hernias

Previous study showed that incision length is directly related to the incisional hernia rate.4 The 

smaller incisions used in laparoscopic surgery may lead to a reduced risk for the development 

of an incisional hernia. Other known risk factors include wound infection, obesity, age and 

poor nutrition.10 Previous results on the effect of laparoscopy on incisional hernias have been 

ambiguous, and are mostly from observational studies, with some studies showing positive effects 

or trends2,4,6,19,20, and some showing no effect at all.7,8,21 Our results are in line with the long-term 

results of the MRC CLASICC trial, in which a trend was observed towards reduced rates of incisional 

hernia. In the CLASICC study there was a relatively high conversion rate (23.6%), possibly leading 

to an increased incisional hernia and adhesion related SBO rate in the laparoscopic group.2 Recent 

studies on incisional hernias after laparoscopic-assisted colorectal surgery also showed a very low 

incisional hernia rate after a Pfannenstiel incision in comparison with a midline extraction site.10,22 

The incidence of trocar site hernia in our study is comparable to that in a recent systematic review 

which showed a pooled prevalence of 0.5 - 2.0 per cent.23

A possible explanation for the lack of a difference in the number of incisional hernia repair might 

be the different types of hernia in the groups. Midline incisional hernias tend to be larger than 

extraction site or trocar site hernias. A smaller hernia is more likely to cause pain and discomfort 
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and it has a higher risk of incarceration - both of which are important arguments for surgical 

correction. Costs of incisional hernia repair may be considerable; in a cost analysis study in Sweden 

(2003), the costs (including sick leave) for incisional hernia repair were estimated at EUR 6122 and 

EUR 5458 for suture and mesh repairs, respectively.9,24

Adhesion related SBO

Studies on adhesions have shown that laparoscopy reduces the surgical trauma by reducing the 

peritoneal incision size, by keeping the environment closed and more humid, by introducing less 

foreign bodies, and by causing less tissue trauma and hemorrhage.25 The significant reduction in 

patients with an episode of adhesion related SBO in this study is supported by a number of recent 

clinical studies in colorectal surgery.2,3,5,6 11 The overall incidence of 4.8 per cent is slightly higher 

than the 3.8 per cent of adhesion related readmissions reported by the SCAR study group.11 No 

adhesive barriers were used in any of the patients participating in the LAFA study. In a British study 

published in 2001, the costs involved with admissions for SBO due to postoperative adhesions 

were estimated at GBP 4677 for surgically treated SBO and at GBP 1606 for conservatively treated 

SBO.26  Next to these direct medical costs, it is likely that the indirect costs (i.e. costs of absence of 

work, reduction in quality of life) also constitute a considerable burden on healthcare and society.

Strength and limitations of the study

The strength of this study is the randomized controlled trial design and the large number of 

patients with colonic cancer. However, there still are some limitations to the study. First, the 

outcomes studied were not primary outcomes when designing the original trial. Patients were 

seen in the outpatient clinic based on standard oncologic follow-up protocols, and there was no 

routine examining for abdominal hernias. Neither was readmission or reoperation for adhesion 

related SBO documented prospectively. For this reason, general practitioners and patients 

themselves were contacted to verify these outcomes. Although the observed incisional hernia 

rates did not seem deviant from previously published rates,2,9,11 actual overall incisional hernia 

and SBO incidence therefore might have been higher. Second, the study was performed between 

2005 and 2009, in both teaching and university hospitals. Even though surgeons had to meet 

the criterion of 20 laparoscopic colon resections before they could participate in the trial, over 

time laparoscopic techniques and experience have improved. Third, in the laparoscopic group, the 

type and length of the incision used for extraction were at the surgeon’s discretion. This resulted 

in many different types and lengths of incisions. If all patients having a left-sided colectomy 

would have had a Pfannenstiel incision instead of a left sided split incision for extraction of the 

specimen, this could have increased the positive effect for laparoscopy. Since incision length was 

not prospectively recorded, we unfortunately could not estimate the effect of incision length. If 

relatively large incisions were used for extraction, this could lead to an underestimation of the 

observed effect.



61

Long-term outcomes of the LAFA study

In conclusion, laparoscopic resection did not differ from open resection by overall survival, 

cumulative incidence of recurrence and quality of life at 2-5 years after surgery. Moreover, it led 

to a significant reduction in both the number patients with an incisional hernia and the number of 

patients with adhesion related SBO episode in the same period of time. The short-term benefits 

of laparoscopic colectomy have been well-established.27 Since long-term oncologic outcome of 

laparoscopic resection for colon carcinoma is similar to that of open colectomy, these long-term 

clinical, and possibly economic (e.g. shorter hospital stay), benefits of laparoscopic surgery should 

further encourage and justify the use of laparoscopy for colonic resection.
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