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Abstract 

Purpose:  Comparisons of open and laparoscopic colon cancer resection have shown that 

laparoscopy offers an oncologically safe option.  However, there are no data on long-term 

influence of converted resection, despite conversion rates of up to 30% and the general 

observation that short-term outcome is significantly worsened. The aim was to compare the 

long-term results of primary open resection (OR), purely laparoscopic resection (LR-p) and 

converted resection (LR-c). 

Methods:  In a prospective study at 282 German hospitals demographic, tumor- and 

treatment-related data and disease-free survival were compared in the three groups. 

Results:  8015 of 8307 patients with OR, 280 of 290 patients with LR-p and 55 of 56 patients 

with LR-c were followed for 39.5 months (median). Overall, no statistically significant 

differences were seen for five-year DFS (74.8%, 81.3% and 65.6%).  However, for patients in 

stage II with conversion, the five-year DFS was significantly poorer (43.3%) than for OR 

(80.5%; p=0.003) and LR-p patients (92.5%; p=0.001).  For stages I and III no differences 

were observed. 

Conclusion:  Conversion of laparoscopic colon cancer resection worsens DFS in locally 

advanced stage II carcinoma.  There is a need to reduce the conversion rate by adequate 

patient selection for laparoscopic resection by experienced surgeons.  

 

 
Key words:  Colon cancer – laparoscopic resection – conversion – oncological results – 

disease-free survival. 
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Introduction 

Prospective, randomized studies and meta-analyses in colon carcinoma have shown 

oncological safety and equivalent long-term oncological results of laparoscopic resection to 

those of open resection [1, 2].  In colon carcinoma, laparoscopic resection has several 

advantageous aspects that are of secondary importance from the oncological point of view; 

they include reduced post-operative pain, earlier bowel movements, quicker dietary 

normalization, shorter hospital stay, reduced blood loss and less scarring [1, 3–5].   

Laparoscopic resection of colo-rectal carcinoma demands considerable technical experience 

in the use of minimally invasive methods, and one factor that depends directly upon this  is 

the conversion rate. An analysis by Morino et al. [6] has shown that in the case of rectal 

carcinoma a justifiably low conversion rate of below 15% is reached only after some 100 

laparoscopic resections. Likewise Marusch et al. [7] report a significantly lower conversion 

rate in hospitals that conduct more than 100 laparoscopic resections per year and Kuhry et al. 

[8] were able to show, that the conversion rate depends significantly upon the hospital 

volume. Results of other unicentric and multicentric trials have shown a wide range of 

conversion rates, from below 5% to above 40% [2, 9–15], dependent upon the experience at 

the site and the selection of patients.  In the study populations of the CLASSIC trial, the COST 

trial and the COLOR trial [1, 3, 4], the conversion rates for elective laparoscopic colon 

carcinoma resection were respectively 17%, 21% and 17%.   

Regarding the influence of the conversion upon the success of treatment, the only data 

currently available are for the early post-operative outcome. Belizon et al. [16] investigated 

the influence of conversion upon the early post-operative events following laparoscopic 

resection of benign, inflamed and malignant colon carcinoma. A match-paired comparison 

between patients after converted laparoscopy versus primary open resection showed a 

significantly higher morbidity for the conversion group, particularly in respect of wound 

infection, of anastomotic leakage and incisional herniation.  In the CLASSIC trial, conversion 
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was also found to be associated with a higher rate of wound infection and an increased 

frequency of pulmonary infections, in comparison with open and purely laparoscopic 

resections.  However, a higher rate of anastomotic leakage was not seen [3]. 

To date, no results have been published dealing with oncologically long-term outcome after 

conversion from laparoscopic to open resection. Therefore, the present analysis was 

conducted in order to investigate the long-term oncological results of converted colon 

carcinoma resection compared with open resection. Only if the long-term results after 

conversion are not significantly worse than those of open resection the conversion rates 

mentioned above can be justified.  Otherwise, the selection criteria must be defined in such a 

way that patients with a high risk of conversion are allocated to primary open resection. 
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Methods 

Study 

Within the multicentre observation study “Colon/Rectal Carcinoma (Primary Tumour)”, from 

1.1.2000 to 31.12.2004 data of 30,453 patients with colon carcinoma were acquired 

prospectively by the “Institute for Quality Assurance in Operative Medicine” at the Otto-von-

Guericke University of Magdeburg, Germany. In this observational study, patients are 

included who have been operated on for carcinoma of the colon or rectum.  The participation 

of hospitals in the study is voluntary, and it helps them to monitor the quality of their 

treatment and to compare it with that at other centres.  The data acquired are assessed for each 

hospital and for the entire study, and the results are provided to the participating hospitals in 

annual reports.  Each year, data from approximately 6000 colon-cancer patients and 3000 

rectal-cancer patients are recorded in the study. To record information about the patient, the 

tumor, the operation, the course of disease from the operation up to discharge from hospital, 

and histopathological information a standardized questionnaire was completed at the hospital 

where the patient was treated. A second questionnaire was completed by the patient's own 

doctor or, where appropriate, by the hospital; this include last contact with the patient, life 

status or cause of death (tumor-related, tumor-independent), any local recurrence, any distal 

metastasis, and as appropriate the time of recurrence and the method of detection (biopsy, 

endoscopy, imaging).  A detailed description of the study design and monitoring has already 

been published [17]. 

The study was conducted according to the Declaration of Helsinki for Biomedical Research.  

Participation was voluntary, evaluation was based on anonymous data, and the study involved 

observation only – i.e., it had no influence upon the choice or course of therapy.  For these 

reasons, an Ethics Committee vote was not necessary.  All patients gave their written consent 

to the collection and the anonymous evaluation of their data.  The primary data and the end 
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results represent the standard of patient care in clinical routine and cover the entire spectrum 

of institutions from hospitals providing basic care to university hospitals. 

Analysis 

Study patients who were operated on for colon carcinoma in UICC (Union Internationale 

Contre le Cancer) stages I to III and had undergone elective operation, with curative intent, 

for confirmed or suspected carcinoma were included in the present analysis.  Patients operated 

upon without previous suspicion of the carcinoma, and those who underwent emergency 

operation, were not included. Furthermore only patients recorded in the period 1.1.2000 to 

31.12.2002 were considered, in order to leave a sufficiently long post-operative follow-up 

interval. 

To determine the influence of the conversion from laparoscopic to open resection upon the 

long-term oncological outcome compared with primary open resection, the patients were 

classified into three groups: (i) patients with primary open resection (OR), (ii) those with 

purely laparoscopic resection (LR-p), and (iii) those with resection converted from the 

laparoscopic to the open approach (LR-c). For some analyses, the latter two groups were 

pooled (laparoscopy, intention-to-treat; LR-ITT). The choice to perform primary open or 

primary laparoscopic resection was made by the hospital surgeon responsible for the case, 

according to the usual criteria in the hospital; this decision was not influenced in any way by 

the centre's participation in this observational study. The groups were compared in respect of 

demographic data, tumour location, pT category, pN category, number of lymph nodes 

sampled, UICC stage, duration of operation,  intra-operative and post-operative morbidity and 

mortality. 

The assessment of the long-term oncological outcome was conducted on the basis of disease-

free survival (DFS) and overall survival (OS).  
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Statistics 

Data processing was performed with the statistical program SPSS 12.0.  Continuous variables 

were compared between groups by using Student's t test (two-group comparison) or univariate 

variance analysis (one-way-ANOVA; 3-group comparison) and results were expressed as 

means with associated confidence intervals. Categorical variables were compared by using the 

χ2 test.  The univariate analysis of DFS for the various groups was performed by the Kaplan–

Meier method.  DFS and OS rates between group were compared by log-rank analysis.  In all 

tests, differences between the groups were considered significant when a two-sided test 

yielded p < 0.05. 
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Results 

From 2000 to 2002, a total of 13,574 patients were treated by curative resection of UICC 

stage I–III colon carcinoma in 282 hospitals. A total of 8653 patients were eligible for 

analysis. In 8307 patients a primary open resection was performed (OR). In another 346 

patients the resection was commenced laparoscopically (LR-ITT). For 56 of the 346 patients 

for whom colon resection was commenced laparoscopically, the operation was converted to 

an open one.  This corresponds to a conversion rate of 16%.  In Table 1 the tumor locations of 

the OR group, the LR-ITT group and the LR-c group are compared: 89% of the planned 

laparoscopies were for patients with tumours in the caecum and the ascending or sigmoid 

colon. For tumours in the remaining colon sections, laparoscopic resection was commenced 

relatively infrequently compared with primary open resection. Figure 1 shows the conversion 

rates after laparoscopically commenced resection, broken down by tumour location.  

Conversion rates above average were found for tumours in the transverse colon and in the 

region of the splenic flexure. Thus, this distribution by tumour location is approximately the 

converse of the distribution of laparoscopic resections. 

 

Reasons for conversion 

In Table 2 the frequencies of reasons for conversion are given, for the entire collective of 56 

patients with conversion and for each UICC stage. 

 

Comparison of treatment groups 

Table 3 presents demographic data and early post-operative morbidity rates for the patients in 

the various treatment groups (OR, LR-ITT, LR-p and LR-c).  The results of statistical testing 

are shown for comparisons (i) between the OR and LR-ITT groups and (ii) between the OR 

and LR-c groups. The comparison of the OR and LR-ITT groups shows that patients for 

whom the laparoscopic technique was chosen were significantly younger, suffered from 
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significantly fewer co-morbidities (ASA score) and, above all, showed significantly more 

favorable tumour characteristics (pT category, UICC stage).  In respect of early post-operative 

morbidity and mortality no significant differences were seen. 

The comparison between OR and LR-c patients shows no differences between these groups in 

respect of demographic or disease variables. Significant difference was seen for the duration 

of the operation. In the comparison of early post-operative outcome no significant differences 

were found, even though the overall post-operative morbidity in the LR-c group was 

noticeably higher than that in the OR group. 

 

Comparison of long-term oncological results 

For the comparison of long-term oncological results, follow-up information was available for 

8015 of the 8307 OR patients, for 280 of the 290 LR-p patients and for 55 of the 56 LR-c 

patients.  The median follow-up time was 39.5 months overall (OR, 39.5 m; , LR-p, 38.7 m; 

LR-c, 39.1 m; p = 0.352). 

Five-year DFS and five-year OS rates for the OR and LR-ITT groups in all UICC stages did 

not differ significantly: DFS, 74.8% vs. 78.9%, p = 0.267 (Figure 2A); OS, 70.1% vs. 79.9%, 

p = 0.071. Similarly, the comparison of five-year DFS and OS between the three groups (OR, 

LR-p, LR-c) showed no significant differences: DSF, 74.8% vs. 81.3% vs. 65.6% (Figure 

2B); OS, 70.1% vs. 81.8% vs. 67.9%.   

 

Comparison of DFS stratified by UICC stage 

The comparisons of five-year DFS for patients in UICC stage I did not show any significant 

difference. 86.5% of the patients after open resection and 90.0% after laparoscopically 

commenced resection survived for five years disease free (p = 0.443). 

Even when the laparoscopically resected patient groups were considered separately, no 

significant differences can be found. 5-y-DFS was achieved for 89.7% of LR-p patients, 
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92.3% of LR-c patients and 86.5% of OR patients (LR-c versus LR-p, p = 0.982; LR-c versus 

OR, p = 0.748; LR-p versus OR, p = 0.483). 

In UICC stage II, the comparison of the OR group with the LR-ITT group showed no 

statistically significant difference in the 5-y-DFS rate (80.5% versus 82.9%; p = 0.988; Figure 

3A). 

When the comparison in UICC stage II was performed for the LR-p and LR-c groups 

separately, it was found that patients with conversion had a significantly worse outcome 

(43.3%) compared with those whose laparoscopic resection was not converted (92.5%; 

p = 0.001) and with patients with primary open resection (80.5%; p = 0.004).  However, no 

significant difference in 5-y-DFS was seen between the LR-p and OR patients (p = 0.158; 

Figure 3B).   

 

The analysis of  DFS for the OR, LR-ITT, LR-p and LR-c patients within UICC stage III 

showed 5-y-DFS rates of respectively 60.4%, 63.0%, 63.6% und 52.2%.  In this comparison, 

there was no significant difference between the OR and LR-ITT patients (p = 0.932) or among 

the OR, LR-p and LR-c groups (LR-c versus LR-p, p = 0.985; LR-c versus OR, p = 0.986; 

LR-p versus OR, p = 0.933). 
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Discussion 

There is today no doubt of the feasibility of laparoscopic resection of colon carcinoma and its 

equivalence to open resection in terms of safety and oncological results [1, 3, 4, 18, 19]. 

Likewise, long-term observations – including those presented in this paper – have shown that 

the long-term outcome of curative resection in the ITT laparoscopy group is comparable with 

the corresponding rate for primary open resection [1, 2, 20]. 

Data on the influence of conversion from laparoscopic to open resection are restricted to early 

post-operative results. Thus, in the CLASSIC trial [3], and in the unicentric analysis by 

Belizon et al. [16], a higher post-operative morbidity and a longer hospital stay was found for 

patients with conversion compared to patients with open resection. However, not all authors 

agree that conversion has such an influence [15]. Likewise, the present survey showed an 

increased but not statistically significant post-operative morbidity after conversion compared 

to the open resection. 

 

Influence of conversion on long-term results 

In contrast, the literature currently contains no data on the influence of conversion upon long-

term oncological outcome. The analysis presented here compared this outcome for patients 

with converted laparoscopic resection with the corresponding outcome for patients with 

primary open resection.  Based upon the premise that even if laparoscopic resection is 

advantageous in terms of lower immunosuppression [21, 22, 23], in the case of conversion the 

results should not be worse than those of primary open resection. If the results after 

conversion were less favorable than that of primary resection, the conversion group must be 

described as a high-risk population, which in turn would lead to the demand for an 

improvement of pre-operative selection of patients for laparoscopic resection with low risk of 

conversion. 
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In the presented analysis, the comparison of the patients with colon carcinoma in UICC stages 

I–III undergoing primary open resection vs. laparoscopic resection (ITT) shows that the 

patients selected for laparoscopy did not differ from the others in respect of demographic data, 

but they had significantly more favourable pT categories, and correspondingly more 

favourable UICC stages. Furthermore, for the LR-ITT patients a selection in respect of 

tumour location was observed, with a clear majority of sigma carcinomas, in comparison with 

the primary open resected group. The comparison of conversion group and primary open 

resection group did not show any differences in respect of demographic data, pT category or 

UICC stage. 

In the comparison of long-term oncological outcome presented here between UICC stage II 

patients with primary open resection and those with converted laparoscopic resection, it 

emerges that the conversion has a deleterious impact upon DFS.  For UICC stage I tumors the 

conversion has no demonstrable negative prognostic effect on DFS, as was also the case for 

UICC stage III tumors. 

 

Conversion in UICC stage II patients 

The comparison of reasons for conversion among the LR-c patients in UICC stage II with the 

corresponding reasons in stages I and III shows that the reasons ‘unclear anatomy’, ‘local 

expansion of the tumor’ and ‘intra-operative tumor perforation’ were more common in stage 

II. As shown in an analysis by Leung et al. [2], the difficulty of operating close to a colon 

carcinoma is associated with a raised oncological risk of spreading tumor cells.   

The results presented here on the influence of the conversion upon the long-term oncological 

outcome following laparoscopically commenced resection of colon carcinoma show that a 

decisive contribution to this is made by the selection of patients for planned laparoscopy.  

Above all, the tumour size and tumour location – influence the probability of conversion and 

thus the outcome. Even though the comparison of long-term results after primary open 
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resection vis-á-vis planned laparoscopic resection was not the central feature of this 

comparison, the results nevertheless show that DFS is comparable between these operative 

techniques, both overall and within each UICC stage.  

 

Conversion, caseload and learning curve 

Tekkis et al. [24] have produced a model for the prediction of conversion in colon resection, 

done on the basis of a broad spectrum of colon disorders.  Within the group with malignomas, 

the highest conversion rate was found for T4 tumors. Regarding the experience of the 

surgeon, a shallow learning curve has been reported.  Tekkis et al. [25] have also evaluated 

the course of the learning curve in a comparison of right-side and left-side laparoscopic colon 

resections. Beside a lower conversion rate for right-side compared with left-side 

laparoscopies, these authors found that the learning curve for the right hemicolon reached a 

plateau after 55 laparoscopic resections, and for the left hemicolon reached a plateau after 62 

resections.  Other authors also see a shallow learning curve, with a plateau after 40–80 

laparoscopic resections [26, 27]. 

 

In summary, the analysis presented here shows that a consideration of the long-term 

oncological result of laparoscopic resection (ITT), is comparable to that of open resection.  

However, the conversion from laparoscopic to open resection in cases of locally advanced 

tumor (UICC stage II) results in a worsening of the prognosis.  In consequence, selection of 

patients for laparoscopic resection must take account of these factors, including the 

experience of the operating surgeon, with the aim of reducing the incidence of negative, 

oncologically relevant intra-operative events and thus of decreasing the frequency of 

conversion. 

 

Limitations 
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The results of this study must be interpreted with care, on account both of the small 

conversion group and of the nature of the study (observation study, evidence level III).  It is 

regrettable that at present no results from randomized studies or from trials with a larger 

sample size are available for comparison. Limitations of these results are the absence of 

information on the time point of conversion and the oncologically limited possible statements 

regarding the influence of the reasons for the conversion upon the oncological outcome. No 

conclusions can be drawn about the isolated influence of the conversion upon long-term 

results, because of the interference between conversion and the incidence of intra-operative 

complications.  A multivariate comparison of long-term results between the LR-c and the OR 

patients was not performed, because of the above-mentioned interference between intra-

operative complications and conversion, the non-significant, but appreciable differences 

between these groups in respect of demographic and tumor-related variables, the relatively 

favorable tumor location for the LR-c patients in UICC stage II and the small number of 

patients in the conversion group.   

However, a worsening of the results by the conversion alone seems unlikely; rather, the 

problem appears to lie in oncologically relevant intra-operative events that lead to conversion, 

and effort should be made to reduce the frequency of these by early conversion in the case of 

laparoscopically unresectable tumours. 
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Table 1 
 
Distribution of open, laparoscopic (ITT) and converted laparoscopic surgery according 
to the colon carcinoma location. 

 
Caecum and 
ascending 

colon  
Hepatic 
flexure  

Transverse 
colon 

Splenic 
flexure 

Descending 
colon  

Sigmoid 
colon 

Open resection 
N = 8307  

2691 606 598 382 476 3554 

Laparoscopic 
resection (ITT) 
N = 346 

63 9 8 8 13 245 

Laparoscopic 
resection with 
conversion  
N=56 

 
8 

 
1 

 
2 

 
3 

 
2 

 
40 
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Table 2 
 
Absolute and relative frequencies of reasons for conversion, total and stratified by UICC 
stage. 

   Frequency UICC stage 

Reason for conversion Absolute 
(N) 

I 
(N) 

II 
(N) 

III 
(N) 

Adhesion 9 5 2 2 

Ureter injury 1 – 1 – 

Intestinal injury (distal to tumor) 4 3 1 – 

Problems with the capnoperitoneum 3 – 2 1 

Tumor location 3 1 – 2 

Unclear anatomy 8 2 4 2 

Injury to blood vessel 2 – 2 – 

Size or extent of tumor 9 – 5 4 

Intra-operative tumor perforation 3 1 2 – 

Other 14 7 2 5 

Total 56 19  21  16  
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Table 3 
 
Survey of the patient groups; comparison of epidemiological and tumour-specific 
variables and post-operative outcome 

 
OR 

N = 8307 
LR-ITT 
N = 346 

LR-p 
N = 290 

LR-c 
N = 56 

p (OR vs. 
LR-ITT) 

p (OR vs. 
LR-c) 

Age  [years] mean ± SD 69.3 ± 10.6 66.9 ± 10.6 66.5 ± 11.1 68.9 ± 7.3 < 0.001 n.s. 

ASA score  [%] ASA I 
 ASA II 
 ASA III 
 ASA IV 

  9 
51 
38 
  2 

19 
53 
27 
  1 

20 
53 
25 
 2 

16 
51 
33 
– 

<0.001 n.s. 

pT category  [%] pT1 
 pT2 
 pT3 
 pT4 

  9 
20 
63 
  8 

25 
24 
44 
  7 

27 
24 
43 
 6 

14 
23 
52 
11 

<0.001 n.s. 

pN category  [%] pN0 
 pN1 
 pN2 

65 
22 
13 

70 
22 
  8 

70 
22 
  8 

69 
20 
11 

n.s. n.s. 

UICC stage  [%] I 
 II 
 III 

24 
41 
35 

42 
28 
30 

43 
27 
30 

34 
37 
29 

<0.001 n.s. 

Duration of operation  
[min] mean ± SD 140.1 ± 54.9 180.2 ± 59.9 178.9 ± 59.2 186.7 ± 63.4 <0.001 <0.001 

Morbidity  [%] 29 28 26 39 n.s. n.s. 

Mortality  [%] 2 1 0.3 2 n.s. n.s. 

p values below 0.05 are shown in bold type. 
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Table 4 
 
Comparison of  pT3/pT4 distribution and distribution of tumour location between OR 
patients, LR-p patients and LR-c patients within UICC stage II 

 
 

 OR 
(N = 3396) 

LR-p 
(N = 77) 

LR-c 
(N = 21) 

p 
(OR vs. LR-c) 

Distribution of pT3 / pT4 
cancers: 

pT3 [n]: 
pT4 [n]: 

 
 

3126 
  270 

 
 

70 
  7 

 
 

17 
  4 

 
0.173 

Distribution of tumor 
locations [n]: 

Caecum / ascending colon: 
Hepatic flexure: 

Transverse colon: 
Splenic flexure: 

Descending colon: 
Sigmoid colon: 

 
 

1144 
  304 
  285 
  171 
  202 
1290 

 
 

19 
  3 
  3 
  1 
  4 
47 

 
 

 2 
– 
– 
 1 
 1 
17 

0.004 
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Captions for figures 

Figure 1 Conversion rates in the various colon sections. 

Figure 2 Comparison of DFS in UICC stages I – III between the OR and LR-ITT groups 
(A) and between OR, LR-p and LR-c groups (B). 

 
Figure 3 Comparison of DFS in UICC stage II between the OR and LR-ITT groups (A) and 

between OR, LR-p and LR-c groups (B). 
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