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Abstract

Background The long-term outcomes after laparoscopic
surgery for colon cancer remain debatable, as randomized
trials have reported similar outcomes for open and
laparoscopic surgery but population-based data are scarce.
Thus, it is unclear whether, outside of clinical trials,
laparoscopic surgery that is performed as a standard clin-
ical treatment has detrimental effects on patients’ long-
term survival.

Methods This study examined a unified database of 30
German regional cancer registries for patients with col-
orectal cancer who were diagnosed between 2003 and
2011. Among 216,682 patients with colorectal carcinoma,
we identified 37,068 patients with Union for International
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Cancer Control stage I-III colon carcinoma (>12 cm from
the anal verge), including 3825 patients (10.38 %) who
underwent laparoscopic surgery. Multivariate Cox regres-
sion analyses were also used to evaluate factors that
influenced the likelihood of a patient undergoing laparo-
scopic surgery. Kaplan—Meier analysis with the log-rank
test was used to analyse differences in short- and long-term
survival outcomes after open or laparoscopic surgery.
Results Younger age, lower T-stage, and left-sided surgery
were independent predictors of the patient undergoing
laparoscopic surgery (all, p < 0001). The 30-day mortality
rate was significantly lower for patients who underwent
laparoscopic surgery for left-sided tumours (odds ratio
[OR] 0.49; 95 % confidence interval [CI] 0.33-0.77).
Compared to open surgery, laparoscopic surgery was a
significant and independent predictor of prolonged long-
term survival for right- and left-sided surgeries (right-side,
OR 0.67; 95 % CI 0.56-0.82; left-sided, OR 0.70; 95 % CI
0.62-0.78).

Conclusion Our results indicate that laparoscopic surgery
provides favourable outcomes even when used outside
controlled trials and should be considered as a standard
treatment for patients with colon cancer.

Keywords Minimal invasive surgery - Laparoscopic
surgery - Colon cancer - Cancer registry - Long-term
survival

Laparoscopic surgery for colon cancer has slowly been
adopted during the last decade in Germany, despite large
randomised trials reporting similar long-term oncologic
outcomes for laparoscopic and open surgery [1-7], and
better short-term results for laparoscopic surgery [8]. The
reason(s) for the limited adoption of laparoscopic surgery
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remains unclear, although it seems likely that the absence
of any clear advantage in the long-term oncologic out-
comes has not motivated surgeons to switch from open
surgery, which is considered an established, safe, and cost-
effective procedure. However, several recent population-
based analyses have reported a clear benefit in the short-
term results for laparoscopic surgery, compared to open
surgery, in patients with colon cancer [9-11]. Nevertheless,
only two studies have reported stage dependent long-term
results from population-based registries of laparoscopic
colon cancer surgery [12, 13].

Colorectal cancer cases in Germany have historically
been tracked in 30 regional registries. Each regional reg-
istry collects data from all hospitals in a specified area. The
overall coverage of these 30 registries is approximately
28 % of the German population. The German Society of
Clinical Cancer registries combine the individual data from
these registries every 2 years for a nationwide quality
conference. For the current analysis, we used these data to
compare the short- and long-term outcomes after laparo-
scopic and open surgery for German patients with colon
cancer.

Materials and methods

The preliminary data were collected in 30 regional registries
covering approximately 28 % of the German population.
Thus, all levels of hospitals were included. The area that is
covered by these registries is mainly the east of Germany
including Bavaria and parts of Baden-Wiirttemberg. How-
ever, these registries used different data sets for their primary
data collection. Therefore, a unified “transfer data set” was
created to merge all patient data into a single unified SPSS
database. All patient data were anonymized before this
transfer. In addition, identifying information about single
hospitals was removed. This study’s design was reviewed
and approved by the Ethical Review Board of University of
Regensburg, Germany (approval no. 15-170-0000).

Using the unified database, we identified 216,682 patients
who were diagnosed with colorectal carcinoma (ICD codes:
C18-20) between 2002 and 2011. Among these patients,
83,934 patients fulfilled the criteria for stage I-III colon
adenocarcinoma, which included the upper-third of the rec-
tum (12—-16 cm from the anal verge), and were treated via
standard oncologic resection (right or left hemicolectomy).
Patients with adenocarcinoma in the upper-third of the rec-
tum were included because of variations in the international
definitions of the upper end of the rectum, and because the
operation essentially involves a left hemicolectomy with a
mid-rectum anastomosis. Cases with a tumour in the trans-
verse colon were included if they were treated using right or
left hemicolectomy (n = 1160) and were excluded if another
procedure was used (n = 9997). After excluding patients
with incomplete information regarding the procedure type,
short-term outcomes, and long-term oncologic outcomes, we
identified 37,068 patients with complete records for analysis
(Table 1).

In the database, information regarding adjuvant
chemotherapy was recorded as “yes,” “no,” or “no
information.” As only 4.1 % of the patients’ records
indicated “no” for adjuvant chemotherapy, we combined
the “no” and “no information” records under the
assumption that these patients did not undergo adjuvant
chemotherapy. Thus, for our analyses, 47.6 % of patients
had undergone adjuvant chemotherapy, and 52.3 % of
patients were assumed to have not undergone adjuvant
chemotherapy. For all other analysis items, the groups with
missing data were reported separately. The primary study
outcomes were short-term (30-day mortality) and long-
term (5-year overall survival) survival outcomes.

Statistical analyses

All data were analysed using SPSS software (version 23.0;
SPSS Inc., Chicago, IL), and a p value of <0.05 was
considered statistically significant. Categorical data were
analysed using the Chi-square test. The median follow-up

Table 1 Selection algorithm
for the study cohort

Screened patients with colorectal carcinoma 216,682
Rectal carcinoma —73,747
Appendix carcinoma —2016
Tumour location not plausible —754
Stage IV or stage unknown —48,833
Missing T-stage, Tis, or TO —2177
Missing N-stage —781
Procedures other than hemicolectomies or oncologic segmental resections —8152
Operative procedure unclear —43,154

Study cohort 37,068
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was calculated using an inverse Kaplan—Meier analysis.
Univariate survival analyses for the different groups were
performed using the Kaplan—-Meier method and the log-
rank test. Stratification was carried out according to UICC
stage, type of surgery (laparoscopic vs. open) and local-
ization of the tumour (right vs. left). Survival curves were
generated using R software (version 3.2.2) and the KMWin
Interface (version 15.2). Multivariate survival analyses
were performed using a Cox proportional hazard model
(with a forward selection strategy using likelihood ratio
statistics), and the results were reported as hazard ratios
(HRs) and 95 % confidence intervals (95 % CIs). The
patients’ demographic and disease-related characteristics
were classified as indicated in Table 2. The multivariate
linear regression model was adjusted for the significant
factors in the univariate analyses, and the results were
reported as odds ratios (ORs) and 95 % ClIs for 30-day
mortality or the likelihood of undergoing laparoscopic
surgery. Factors included in the multivariate analysis for
short-term results were: type of surgery, T-stage, N-stage,
age, sex, grading, R-classification and lymph node retrie-
val. For long-term results adjuvant chemotherapy was
included additionally.

Results
Demographic characteristics

Among the 37,068 patients who were included, 33,243
(89.3 %) patients underwent open surgery and 3825
(10.7 %) patients underwent laparoscopic surgery. During
the study period, the proportion of laparoscopic surgery
increased from 4.3 % in 2002 to 15.4 % in 2011, although
the proportions of laparoscopic surgery varied from 1.2 to
35.4 % between the different registries. The median
estimated follow-up was 53.5 months (95 % CI
53.1-53.8 months). As shown in Table 2a, b, the laparo-
scopic surgery group included a significantly larger pro-
portion of men (55.8 vs. 52.4 %, p < 0.001), and the
patients who underwent laparoscopic surgery were
approximately 2.68 years younger than the patients who
underwent open surgery (p < 0.001). Differences in the
specimens’ pathological characteristics were also observed,
with the laparoscopic surgery group exhibiting a trend
towards lower tumour stages (T, N, and Union for Inter-
national Cancer Control staging) and better differentiation.
The open surgery group exhibited a higher number of
retrieved lymph nodes, although the proportion of R1/2
resections was also larger in the open surgery group.
Multivariate logistic regression was used to evaluate the
pre-surgery factors’ effects on the likelihood of undergoing
laparoscopic surgery (Table 3), and we found that T-stage
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(T2: OR 0.467, T3: OR 0.295, T4: OR 0.193; all
p < 0.001) exhibited a strong influence and age exhibited a
lesser influence (OR 0.98/10 years, p < 0001), on the use
of laparoscopic surgery.

Perioperative mortality

In the univariate analysis (Table 4), the 30-day mortality
rate was significantly lower in the laparoscopic surgery
group (0.9 vs. 3.3 %, p < 0.001). Even when we grouped
the conversions (30-day mortality 3.68 %) with laparo-
scopic surgeries (intent-to-treat) in the multivariate analy-
sis (Table 5), we observed a significantly reduced OR for
30-day mortality in the laparoscopic left-sided surgery
group (0.48, p < 0.001). The right-side group exhibited a
similar trend (OR 0.6), although this trend was not statis-
tically significant (p = 0.062). Age, male sex, higher
T-stage, and non-RO resections were independently asso-
ciated with an increased risk of post-operative mortality. A
high lymph node count was not associated with post-op-
erative mortality, although a low lymph node count was an
independent risk factor for post-operative mortality (OR
1.49, p < 0.0001).

Long-term survival

In the univariate intent-to-treat analysis, the laparoscopic
surgery groups (both right- and left-sided) exhibited a
prolonged long-term survival, with an especially prominent
increase for stage III patients (Table 6). This association
remained even after we excluded cases that experienced a
survival of <30 days (Fig. 1A-D). Open and laparoscopic
right hemicolectomy provided worse outcomes in stage III
patients, compared to left colic resection, and right
laparoscopic resection was superior to all other treatments
in stage II patients. In the multivariate intent-to-treat
analysis, laparoscopic resection remained a highly signifi-
cant predictor of prolonged long-term survival, regardless
of the tumour site. Furthermore, adverse tumour-related
factors (T-stage, N-stage, and R-classification) were inde-
pendent predictors of a poor prognosis (Table 7).

Discussion

This population-based study revealed that, compared to
open surgery, laparoscopic surgery for colon cancer also
provided favourable long-term outcomes. Furthermore, our
results indicate that laparoscopic left-sided surgery was
associated with a reduced post-operative mortality rate.
However, both findings are not entirely congruent with
those of previous meta-analyses, [14] which reported that
laparoscopic surgery was associated with a reduction in
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Table 2 a/b: Demographic characteristics, tumour characteristics, and use of adjuvant chemotherapy

a Open surgery left  Open surgery right — Laparoscopic left — Laparoscopic right — Open surgery all ~ Laparoscopic all  p Value

n % n % n % n % n

All

All 173,41 15,902 2874 951 33,243 3825

Sex

m 9862 56.9 7558 475 1665 579 470 494 1742 524 2135 55.8

f 7479 43.1 8344 52.5 1209 42.1 481 50.6 15823 47.6 169 442 0.001

Age

0-49 7.4 43 514 32 172 6.0 55 58 1254 3.8 227 59

50-59 2084 12.0 1,284 8.1 494 17.2 105 11.0 3368 10.1 599 15.7

60-69 5054 29.1 3656 23.0 927 32.3 260 273 871 26.2 1187 31.0

70-79 6378 36.8 6075 38.2 948 33.0 362 38.1 12,453 37.5 131 34.2

80+ 3085 17.8 4,373 27.5 333 11.6 169 17.8 7458 224 502 13.1 0.001

T-Stage

pT1 199 115 1245 7.8 901 31.4 162 17.0 3235 9.7 1063 27.8

pT2 3131 18.1 3074 19.3 619 21.5 221 23.2 6,205 18.7 840 22.0

pT3 1019 58.8 9737 61.2 1,233 429 473 49.7 19,927 59.9 1706 44.6

pT4 203 11.7 1,846 11.6 121 42 95 1.0 3,876 11.7 216 5.6 0.001*

N-Stage

pNO 11288 65.1 10,336 65.0 2,084 72.5 687 72.2 21624 65.0 2771 72.4

pN1 3998 23.1 3436 21.6 568 19.8 151 15.9 7434 224 719 18.8

pN2 2055 11.9 2,13 13.4 222 7.7 113 11.9 4185 12.6 335 8.8 0.001*

UICC stage

I 4407 25.4 3762 23.7 1,306 454 333 35.0 8,169 24.6 1639 42.8

I 6868 39.6 6,561 413 776 27.0 354 37.2 13,429 404 113 29.5

111 6066 35.0 5579 35.1 792 27.6 264 27.8 11,645 35.0 1056 27.6 0.001*

b Open surgery  Open surgery Laparoscopic Laparoscopic Open surgery  Laparoscopic p Value 95 %- CI°
left right left right all all
n % n % n % n % n

All

All 17,341 15,902 2874 951 33,243 3825

Grading

Gl 1011 58 841 53 276 9.6 69 73 1852 5.6 345 9.0

G2 13,079 75.4 10,378 65.3 213 74.1 601 63.2 23,457 70.6 2731 713

G3/G4 2805 16.2 4285 26.9 378 13.2 262 27.6 709 213 640 16.7

unknown 446 2.6 398 25 90 3.1 19 2.0 844 2.5 109 2.8 0.001*

R-status

RO 15,397 88.8 14,103 88.7 2572 89.5 669 70.3 29,5 88.7 3241 84.7

R1/2 332 1.9 243 1.5 18 0.6 2 0.2 575 1.7 20 0.5

unknown 1612 9.3 1,556 9.8 284 9.9 280 29.4 3,168 9.5 564 14. 0.001°

Lymph node retrieval

0<LK <12 2885 16.6 1028 6.5 555 19.3 59 6.2 3913 11.8 614 16.1

12 <=LK <24 10,357 59.7 9648 60.7 1,768 61.5 634 66.7 20,005 60.2 2402 62.8

24 >=LK 2786 16.1 4234 26.6 387 13.4 211 222 702 21.1 598 15.6

unknown 1312 7.6 989 6.2 163 5.7 47 49 2301 6.9 210 5.5 0.001*

Adjuvant Chemotherapy

Stage I 60 1.4 39 1.04 15 1.1 4 1.2 929 1.2 19 1.16 0.85b 0.93-1.09

stage 11 851 12.4 515 7.8 71 9.9 44 12.4 1366 10.1 121 10.7 0.5677° 0.78-1.15

stage IIT 2,74 49.0 2,414 433 502 63.4 156 59.0 5,388 46.3 658 62.3 0.0001° 0.46-0.59

all 3885 62.8 2, 968 522 594 74.5 204 72.7 6,853 57.7 798 74.1 0.8584° 0.93-1.09

4 p value for differences between the four treatment groups

® Paired comparisons (Laparoscopic all vs. Open all) within stage group

¢ CI only for paired comparisons given
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Table 3 Multivariate logistic regression analysis of the likelihood of
undergoing laparoscopic surgery

OR 95 % CI P value
Age
Per 10-year increase 0.98 0.97-0.98 <0.001
Sex
F 1.017 0.95-1.09 0.628
T-stage
pT1 1
pT2 0.467 0.42-0.52 <0.001
pT3 0.295 0.27-0.32 <0.001
pT4 0.193 0.17-0.23 <0.001
Localization
Left colectomy 2.442 2.26-2.64 <0.001
OR odds ratio, CI confidence interval
Table 4 Univariate analysis of 30-day mortality
% n (m/s) p value
Sex
F 32 633/19,555 0.166
M 3.0 523/17,513
Age, years
0-49 0.1 1/1,481 0.001
50-59 0.6 23/3,967
60-69 1.3 125/9,897
70-79 2.8 391/13,763
>80 7.7 616/7,960
3.1 1156/37,068
Tumour location
Right 32 546/16,853 0.220
Left 3.0 610/202,015
T-stage
pT1 1.7 73/4,298 0.001
pT2 2.7 193/7,045
pT3 32 688/21,633
pT4 4.9 202/4,092
UICC stage
I 2.5 246/9,808 0.001
I 34 489/14,559
111 33 412/12,701
Type of resection
Open right 33 532/15,902 0.001
Laparoscopic right 0.7 6/813
Conversion right 5.8 8/138
Open left 33 580/17,341
Laparoscopic left 0.9 24/2,632
Conversion left 2.5 6/242

m/s mortalities/survivors, UICC Union for International Cancer
Control staging
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Table 5 Multivariate analysis of 30-day mortality

OR 95 % CI P value

Age
Per 10-years increase 1.11 1.10-1.12 <0.001
Sex

F 0.64 0.57-0.73 <0.001
Grading

Gl 1.00 0.965

G2 1.07 0.80-1.42 0.653

G 3/4 1.06 0.77-1.44 0.732

Unknown 1.11 0.69-1.79 0.656
Resection

Open right 1.00 <0.001

Laparoscopic right 0.60 0.34-1.02 0.06

Open left 1.17 1.03-1.33 0.019

Laparoscopic left 0.49 0.33-0.71 <0.001
T-stage

pT1 1.00 <0.001

pT2 1.36 1.03-1.80 0.03

pT3 1.46 1.13-1.89 0.004

pT4 1.91 1.41-2.57 <0.001
N-stage

pNO 1.00 0.343

pNI1 0.97 0.82-1.13 0.677

pN2 1.13 0.93-1.36 0.214
R-classification

RO 1.00 <0.001

R1/2 222 1.62-3.04 <0.001

RX/unknown 0.88 0.71-1.10 0.255
Lymph node retrieval

12-24 1.00 <0.001

0-11 1.49 1.26-1.78 <0.001

>24 0.92 0.78-1.09 0.32

Unknown 1.16 0.91-1.48 0.23

OR odds ratio, CI confidence interval

post-operative morbidity, but that there were no significant
differences in the short- or long-term mortality outcomes.

It may be speculated that these discrepancies may be
related to the exclusion a large proportion of the patients
from our analyses for various reasons. However, inclusion
of 37,068 patients with colon cancer from 30 registries over
a 9-year period likely provides a representative picture of
the standard care in Germany during the study period. In
addition, our findings are similar to the results from British,
French, and American population-based registry studies,
which reported a marked reduction in the rates of 30-day or
in-hospital mortality among patients who underwent
laparoscopic surgery [9-11].
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Table 6 Univariate analysis of 5-year overall survival (Kaplan—-Meier)
Open right Laparoscopic right Open left Laparoscopic left
5Y OS CI 5Y OS CI 5YO0S CI 5Y OS CI

UICC Stage

I 80.9 79.9-81.9 87.1 81.6-92.6 82.2 80.8-83.6 90.7 88.5-92.9

I 734 72.0-74.8 85.3 79.6-91.0 73.4 72.0A74.8 81.5 77.6-85.4

I 57.5 55.9-59.1 67.0 59.2-74.8 63.2 61.6-64.8 75.4 71.1-79.7
Tumour localization

Right 69.5 68.5-70.5 80.4 76.7-84.1 - - - -

Left - - - 72.1 71.3-72.9 84.3 82.5-86.1
Age

0-49 87.7 84.0-91.4 96.0 88.4-103.6 86.3 83.2-89.4 92.8 87.5-98.1

50-59 81.4 78.7-84.1 86.2 72.5-99.9 86.2 84.4-88.0 924 89.1-95.7

60-69 80.0 78.4-81.6 87.6 82.3-92.9 824 81.2-83.6 90.9 88.5-93.3

70-79 69.2 67.6-70.8 76.2 69.5-82.9 66.9 65.5-68.3 78.5 74.5-82.5

80+ 53.7 51.7-55.7 67.9 57.3-78.5 48.7 46.3-51.1 60.4 52.6-68.2
T-category

Tl 80.7 77.8-83.6 87.5 79.3-95.7 83.7 81.7-85.7 90.8 88.3-93.3

T2 79.1 77.3-80.9 86.4 79.5-93.3 80.8 79.2-82.4 88.5 85.0-92.0

T3 69.2 68.0-70.4 79.3 74.0-84.6 70.7 69.5-71.9 80.3 77.2-83.4

T4 47.5 44.6-50.4 62.7 48.4-77.0 524 51.0-53.8 50.9 38.6-63.2
N-category

NO 76.1 75.1-77.1 86.0 81.9-90.1 76.9 75.9-77.9 87.5 85.5-89.5

N1 64.7 62.7-66.7 76.8 67.0-86.6 68.4 66.6-70.2 78.9 74.2-83.6

N2 459 43.4-48.4 54.3 42.0-66.6 53.2 50.7-55.7 65.5 56.9-74.1
Lymph nodes all stages

>12, <24 69.3 68.1-70.5 79.9 75.4-84.4 71.9 69.9-73.9 83.3 80.8-85.8

>0,<12 62.7 59.4-66.0 83.2 70.9-95.5 71.0 69.2-72.8 86.1 82.6-89.6

>24 734 71.6-75.2 85.4 78.3-92.5 75.0 72.8-77.2 84.6 78.9-90.3

no inf 66.9 63.6-70.2 68.2 50.2-86.2 70.9 68.2-73.6 87.5 81.0-94.0
Lymph node ratio UICC Stage III

<=0.17 65.8 63.6-68.0 78.2 67.8-88.6 69.8 67.8-71.8 82.0 77.3-86.7

0.18-0.41 51.3 48.0-54.6 64.7 49.2-80.2 61.4 58.5-64.3 71.0 62.4-79.6

0.42-0.69 38.3 332434 49.6 22.6-76.6 48.1 43.2-53.0 64.2 43.6-84.8

>=0.7 30.9 23.8-38.0 10.6 —8.8-30.0 31.3 24.4-38.2 42.1 16.6-67.6
Adjuvant chemotherapy UICC Stage III

Yes 67.3 64.9-69.7 67.9 57.3-78.5 72.8 70.8-74.8 80.5 75.4-85.6

no/no inf. 49.6 47.4-51.8 65.2 53.2-77.2 53.6 51.4-55.8 66.3 59.0-73.6
Grading

Gl 78.0 74.5-81.5 92.9 84.9-100.9 77.0 73.9-80.1 86.0 80.3-91.7

G2 71.8 70.6-73.0 82.0 77.3-86.7 73.0 72.0-74.0 84.6 82.4-86.8

G3, G4 62.4 60.6-64.2 73.6 66.2-81.0 66.0 63.8-68.2 81.4 76.3-86.5

no inf 67.0 61.5-72.5 85.6 66.6-104.6 71.9 67.0-76.8 86.0 76.4-95.6
OS overall survival, CI 95 % confidence interval, UICC Union for International Cancer Control staging

In contrast to these population-based studies’ findings, function, and a reduction in the average hospital stay, but

meta-analyses of large randomised trials have reported that ~ there was no corresponding reduction in post-operative
laparoscopic surgery provided a reduction in the total = mortality rates [7, 8]. However, it is important to note that
complication rate, earlier resumption of gastrointestinal  the mortality rate in the randomised trials was only 1.1 %
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Meta-analyses of the prospective randomised trials that
have evaluated the long-term outcomes after laparoscopic
colon and colorectal cancer surgery have not revealed any
significant differences in overall survival for stages [-III
[6-8]. One population-based study assessing the very early
phase (1998-2002) of laparoscopic colon cancer surgery
reported a significant benefit for stages I and II but not for
stage III. A recent Norwegian population-based study
showed better results for the laparoscopic approach for the
first 2 years after surgery in stages I-III, which disappeared
after correction for emergency operations [13]. Two other
population-based studies have investigated long-term sur-
vival of which two are of limited value because of either
low numbers of laparoscopic cases [15] or a lack of anal-
ysis of stage dependent survival [16]. Two additional
studies of non-population-based registries have reported no
beneficial effects for laparoscopic resection [17, 18].

Unlike the previous trials, we observed better outcomes
for stages I-1I1, regardless of the tumour site. Furthermore,
this relationship remained even after we excluded patients
who died within 30 days, which prevents any bias related
to the better short-term results in the laparoscopic surgery
group. The discrepancy between our findings and those of
the randomised trials may partially be related to patient
selection, as it is conceivable that patients who were
especially suitable would have undergone laparoscopic
surgery, and that these patients would likely have been
young, had a low body mass index, had low tumour stages,
had few comorbidities and had a scheduled operation.
Indeed, we observed that the patients in the laparoscopic
surgery group were significantly younger and had lower
tumour stages, which is consistent with this explanation.
Therefore, it is clear that patient selection has taken place
in clinical practice; however, this selection likely does not
fully explain our findings, as the beneficial effect of
laparoscopic surgery was independent of tumour stage in
our multivariate analyses, which included large numbers of
patients in each group. Unfortunately, we could not control
for obesity, as the related data were not recorded in our
registry. Obesity is a well-known risk factor for anasto-
motic leakage and poor short-term outcomes. However, a
recent large cohort analysis revealed that the long-term
survival outcomes were better among obese patients,
compared to lean patients [19]. Also, Makino et al. found
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Table 7 Multivariate analysis of survival

HR 95 % CI P value

Type of surgery

Open right 1 <0.001

Laparoscopic right 0.67 0.56-0.82 <0.001

Open left 0.99 0.95-1.04 0.784

Laparoscopic left 0.696 0.62-0.78 <0.001
T-stage

Tl 1 <0.001

T2 1.17 1.06-1.30 0.003

T3 1.54 1.40-1.69 <0.001

T4 2.71 2.44-3.03 <0.001
N-stage

NO 1 <0.001

N1 1.53 1.45-1.63 <0.001

N2 2.55 2.40-2.72 <0.001
Age

Per 10-year increase 1.05 1.05-1.06 <0.001
Sex

F 0.74 0.71-0.78 <0.001
Grading

Gl 1 <0.001

G2 0.97 0.88-1.08 0.599

G3/4 1.16 1.04-1.29 0.008

GX/unknown 1.10 0.94-1.29 0.251
Adjuvant chemotherapy

No 1.45 1.36-1.54 <0.001
R-classification

RO <0.001

RI1/R2 2.12 1.88-2.39 <0.001

Unknown 0.95 0.89-1.02 0.181
Lymph node retrieval

12-24 <0.001

0-11 1.19 1.12-1.27 <0.001

>24 0.85 0.80-0.91 <0.001

Unknown 1.07 0.99-1.16 0.077

HR hazard ratio, CI confidence interval

no effect of obesity on long-term survival in their single-
centre series of laparoscopic colorectal resections
[20].Therefore, although it is likely that patient selection
affects the use of laparoscopic surgery, it is unlikely that
this selection fully explains our findings.

Comorbidity may also be an important selection factor
that may affect long-term outcomes in different ways. It
increases the risk of all-cause long-term mortality and also
is a reason for performing limited resections, thus causing
an increase in tumour-related mortality. This effect cannot
entirely be ruled out by our data because we were only able

to include age but not comorbidity itself into multivariate
analysis. Also, we could not control for emergency oper-
ations as it was possible in the Norwegian study [13].
However, it is noteworthy that in that study without cor-
rection for emergency status higher survival rates in the
laparoscopy group were only noted in the first 2 years after
surgery. This difference disappeared after multivariable
analysis including the emergency status. Conversely, in our
study the difference tends to increase with time suggesting
that the emergency status may only explain differences in
the middle but not in long-term survival that we have
observed.

In addition to patient-related factors, technical issues
may be important to explain the higher survival rate after
laparoscopic surgery. Long-term outcomes vary for dif-
ferent surgeons presumably according to the degree of
compliance with the principles of complete mesocolic
excision (CME) [21-23]. In this context, the integrity of
the specimen’s mesocolon and the degree of central vas-
cular ligation are considered key factors for ensuring pos-
itive outcomes. Both, laparoscopic surgery and compliance
with CME principles are technically more demanding than
standard open surgery and are typically performed by
dedicated, well-trained surgeons who are more likely to be
specialized and more familiar with current standards and
advances in oncologic surgery. Therefore, we hypothesize
that a higher rate of high-quality specimens in the laparo-
scopic surgery group may explain the long-term benefit
that we have observed. Thus, selection as an explanation
for the beneficial effect for laparoscopic surgery observed
in this study would be more a selection of surgeons and to a
lesser extend a selection of patients. This idea is supported
by the finding of West et al. [24], who reported that the
influence of dissection in the right-mesocolic-plane
increased from stage I to stage III, which provided an
approximate difference of 15 % in the 5-year overall sur-
vival rate. This pattern is very similar to what we observed
in our study and is thought to be a main contribution to the
beneficial effect of CME. The concept of CME was pub-
lished in 2009; however, many German surgeons have
performed CME type surgery long before this date espe-
cially for left-sided tumours. This may explain the differ-
ence especially in stage III in our observation compared to
the early analysis of the US data [12] and also to the
Norwegian analysis [13].

As in randomized trials [25], we observed a lower
lymph node count after laparoscopic surgery which seems
to contradict the pervious statement. However, in all
groups still in a large proportion of more than 12 lymph
nodes were retrieved as required for adequate staging. In
addition, current evidence suggests that preservation of the
integrity of the mesocolon [24] and the degree of central
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dissection [26] may be more important than the overall size
of the specimen.

The strength of the study is the population-based setting
with a high number of patients from 30 different regional
registries. The data appear to be representative and com-
parable to other large cohorts, which is demonstrated by
similar post-operative mortality. Moreover, specific find-
ings that have previously been described in other popula-
tion-based investigations could be found in our data as well
such as the lower post-operative mortality in the laparo-
scopy groups and the difference in survival for right- and
left-sided tumours [27].

The shortcomings of our analysis are that we excluded a
large proportion of patients due to incomplete data. In addi-
tion, the registry did not contain more detailed data that would
have been helpful for the multivariate analyses (e.g., body
mass index, emergency surgery status, and comorbidities).

In conclusion, our population-based analyses revealed
that, compared to open surgery, laparoscopic surgery was
associated with favourable short- and long-term outcomes
for patients with colon cancer. Given the previous ran-
domized reports that laparoscopic surgery was associated
with better short-term outcomes and equal long-term out-
comes, our data indicate that laparoscopic surgery for
patients with colon cancer performed by well-trained sur-
geons can be encouraged as a first choice.
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