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Abstract: Minimally invasive surgery (MIS) of colorectal cancer

(CRC) was first introduced over 20 years ago and recently has gained

increasing acceptance and usage beyond clinical trials. However, data

C nosed cancer in m
with an estimated 1.4
occurring in 2012.1,2 I
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on dissemination of the method across countries and on long-term

outcomes are still sparse.

In the context of a European collaborative study, a total of 112,023

CRC cases from 3 population-based (N¼ 109,695) and 4 institute-based

clinical cancer registries (N¼ 2328) were studied and compared on the

utilization of MIS versus open surgery. Cox regression models were

applied to study associations between surgery type and survival of

patients from the population-based registries. The study considered

adjustment for potential confounders.

The percentage of CRC patients undergoing MIS differed substan-

tially between centers and generally increased over time. MIS was

significantly less often used in stage II to IV colon cancer compared with

stage I in most centers. MIS tended to be less often used in older (70þ)

than in younger colon cancer patients. MIS tended to be more often used

in women than in men with rectal cancer. MIS was associated with

significantly reduced mortality among colon cancer patients in the

Netherlands (hazard ratio [HR] 0.66, 95% confidence interval [CI]

(0.63–0.69), Sweden (HR 0.68, 95% CI 0.60–0.76), and Norway

(HR 0.73, 95% CI 0.67–0.79). Likewise, MIS was associated with

reduced mortality of rectal cancer patients in the Netherlands (HR 0.74,

95% CI 0.68–0.80) and Sweden (HR 0.77, 95% CI 0.66–0.90).

Utilization of MIS in CRC resection is increasing, but large variation

between European countries and clinical centers prevails. Our results support

association of MIS with substantially enhanced survival among colon cancer

patients. Further studies controlling for selection bias and residual confound-

ing are needed to establish role of MIS in survival of patients.

(Medicine 95(22):e3812)

Abbreviations: adj = adjusted, BMI = body mass index, COLOR =

Colon cancer Laparoscopic or Open Resection trial, CRC =

colorectal cancer, ECOG = Eastern Cooperative Oncology Group,

ECR = Eindhoven Cancer Registry, HR = hazard ratio, IJB =

Institute Jules Bordet, IPO-Porto = Portuguese Institute of

Oncology in Porto, MIS = minimally invasive surgery, MRC

CLASICC = The Medical Research Council Conventional versus

Laparoscopic-Assisted Surgery In Colorectal Cancer trial, NCR =

Norwegian Cancer Registry, NCT-HD = National Center for Tumor

Diseases–Heidelberg, NE = Not enough available data, NNCR =

Netherlands National Cancer Registry, OR = odds ratio, ORS =

open resectional surgery, RCT = randomized clinical trial, SCRCR

= Swedish Colorectal Cancer Registry, WP11 = Work Package 11.

INTRODUCTION
olorectal cancer (CRC) is the third most commonly diag-
en and the second in women worldwide,
million cases and about 700,000 deaths
n recent years, laparoscopic surgery has
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gained increasing acceptance and usage for CRC treatment
beyond clinical trials since the first report of this minimally
invasive surgery (MIS) in 1991.3 Based on the results from both
randomized clinical trials (RCTs)4 and observational studies,5

utilization of MIS for resection of colon cancer is as effective as
open resectional surgery (ORS) with no negative effect on the
overall and disease-free survival rate of patients.6 Furthermore,
there is evidence that laparoscopic surgery in CRC patients is
associated with lower mortality, lower complication rates, and a
shorter median length of hospital stay.7 Recent studies indicate
benefits of this procedure also among older patients,8 advanced
stage, and incurable patients.9

However, there are also some controversies regarding the
short-term and long-term benefits of MIS in comparison with
ORS.10,11 Application of MIS in treatment of CRC might be
limited by several factors, including surgeons’ experience, and
also clinical conditions of patients such as prohibitive abdomi-
nal adhesions and acute bowel obstruction.12 Furthermore,
considerable controversies surrounded the application of MIS
for resection of transverse colon cancer and for proctectomy in
rectal cancer patients.11 There are also some patient-specific
factors such as high BMI, older age, and disease-specific factors
such as T4 cancers that often lead to conversion of MIS to open
surgery in treatment of CRC patients.13 Conversion of MIS to
open surgery has been reported to occur in more than 20% of
colon cancer and more than 40% in rectal cancer treatment.4

Allaix et al14 reported that conversion of MIS per se is though
not associated with worse early postoperative outcomes or
adverse long-term survival of patients. However, adverse results
after converted MIS have also been reported.15,16

This study is a part of the EurocanPlatform project, which
is a consortium of major European cancer centers aimed at
enhanced translation of progress in oncological research into
clinical practice.17 The aim of this study is to compare the
implementation of laparoscopic surgery in therapeutic resection
of CRC and its impact on outcomes of patients in real clinical
practice among European counties. We also aimed to describe
the patterns and recent trends in utilization of MIS, with
particular attention to age and stage-specific overall survival
among patients in various European countries and centers
involved in the EurocanPlatform consortium.

METHODS

Participating Centers and Study Populations
As part of activities of Work Package 11 (WP11, clinical

epidemiology and outcome research) of the EurocanPlatform
project data were obtained from 3 population-based and
4 institute-based clinical cancer registries from 6 European
countries. The population-based registries include the national
database of the Norwegian Cancer Registry (NCR), national
data of the Swedish Colorectal Cancer Registry (SCRCR),
and the database from the Netherlands National Cancer Reg-
istry (NNCR), which included information on comorbidities
from the Eindhoven Cancer Registry (ECR). The institute-
based registries include the National Center for Tumor Dis-
eases-Heidelberg (NCT-HD) in Germany, the Institute Jules
Bordet (IJB) in Brussels (Belgium), the Netherlands Cancer
Institute (NKI) in Amsterdam, and the Portuguese Institute of
Oncology in Porto (IPO-Porto). Data on basic patient and
tumor characteristics, and also type of surgery (MIS, ORS,
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and converted) and use of neoadjuvant therapy were requested
from all partner registries for consecutive years with available
data.
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In this study, only first invasive CRC patients with no
evidence of metastasis at diagnosis were included. All statistical
analyses were performed using the ‘‘intention-to-treat’’
approach, where CRC cases were included according to the
originally assigned surgery group, MIS, or ORS, regardless of
conversions of MIS to ORS. The reason why intention-to-treat
analysis was applied was to avoid the attrition, crossover, and
similar sources of bias that are related to noncompletion of the
outcome data in a subset of individuals originally assigned to a
particular surgical method. All the analyses were stratified by
center and tumor location (colon and rectum). Cases with
unspecified colon/rectal tumor location or cases that underwent
emergent CRC surgery were excluded from all analyses. Period
survival estimates were obtained through left truncation of the
follow-up of contributing cohorts in addition to the usual right
censoring at the end of the study period.

Statistical Methods
We used descriptive statistics to present the distribution of

basic patient and tumor characteristics across centers. Trends
of MIS utilization during the period 2007 to 2014 (the
broadest time period for which data were available from at
least 2 centers) were compared by using age-standardized
frequencies. The association between surgery type and sex,
age group (�59, 60–69, 70–79, 80þ), and tumor stage (I, II, III,
IV), after taking missing values into account, were investigated
using multiple logistic regression models.

Associations between overall survival and surgery type
were assessed for the 3 population-based cancer registries in
the Netherlands, Sweden, and Norway. Institute-based centers
were not included given the limited number of cases available
for stratified analyses. Overall survival was defined as time from
surgery to death from any cause or date of last contact. Kaplan–
Meier estimates for 1, 3, and 5-year survival after MIS or ORS
were compared after stratifying by tumor stage groups (I–III:
nonmetastatic, and IV: metastatic). Hazard ratios (HRs) of
MIS utilization versus ORS were obtained by Cox regression
models adjusted for sex, age group, tumor stage, neoadjuvant
therapy (yes/no), count of examined lymph nodes after surgery
(<12, �12), and colon tumor location (right colon including
cecum, ascending colon, and transverse colon/left colon includ-
ing splenic flexure, descending colon, and sigmoid).

All statistical analyses were performed using SAS software
version 9.3. A significance level of 0.05 without multiple
comparison corrections was used for statistical tests.

Role of the Funding Source
The sponsor had no role in data collection, data analysis,

data interpretation, or writing of the report. The corresponding
author had full access to all data and had final responsibility to
submit for publication. This study was carried out in accordance
with the code of ethics of the World Medical Association
(Declaration of Helsinki), and was approved by the ethics
committee of the Medical Faculty of Heidelberg University
in Germany.

RESULTS

Participating Centers and Patient Characteristics
Table 1 summarizes the list of participating centers and the

Medicine � Volume 95, Number 22, June 2016
respective numbers of CRC cases with specified surgery type.
The population-based registries from the Netherlands, Sweden,
and Norway had the largest numbers of cases (NNCR: 58,927;
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TABLE 1. Overview on Participating Centers in the Present Analysis

Type of Actual Surgery, N (%)

Center Country
Total

CRC Cases
Years of
Surgery

Last Date of
Follow-up

Maximum
Follow-up, mos ORS MIS Converted

NNCR
�

Netherlands 58927 2009–2014 31.12.2014 72 31233 (53) 23192 (39) 4502 (8)
SCRCR

�
Sweden 35690 2007–2014 15.08.2015 103 32373 (91) 2629 (7) 688 (2)

NCR
�

Norway 15078 2007–2012 31.12.2013 83 10928 (73) 3532 (23) 618 (4)
NCT-HDy Germany 1029 2009–2013 22.05.2014 61 902 (88) 115 (11) 12 (1)
IJBy Belgium 517 2000–2014z 02.09.2014 172 231 (45) 250 (48) 36 (7)
NKIy Netherlands 415 2008–2012 15.02.2013 53 334 (81) 68 (16) 13 (3)
IPO-Portoy Portugal 367 2011–2012§ 30�09.2014 44 342 (93) 25 (7) —�

Converted¼MIS converted to ORS, IJB¼ Institute Jules Bordet in Brussels, IPO-Porto¼Portuguese Institute of Oncology in Porto,
MIS¼minimally invasive surgery, NCR¼Norwegian Cancer Registry, NCT-HD¼National Centre for Tumor Diseases in Heidelberg,
NKI¼Netherlands Cancer Institute in Amsterdam, NNCR¼Netherlands National Cancer Registry, ORS¼ open resectional surgery,
SCRCR¼Swedish Colorectal Cancer Registry,�

Population-based registry.
yInstitute-based registry.
zCases registered until May 2014.
§Cases registered until September 2012.

ery
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SCRCR: 35,690; NCR: 15,078). Periods of available surgery
data varied between centers, with ranges from 2000 to 2014
(IJB), to 2011 to 2012 (IPO-Porto). The majority of CRC
patients underwent open surgery, but there was large variation
of complete MIS between centers, which ranged from 7% in
SCRCR (Sweden) and IPO-Porto (Portugal) to 48% in IJB
(Belgium). The proportion of converted MIS to ORS ranged
from 1% in NCT-HD (Germany) to 8% in NNCR (Netherlands).

Baseline characteristics of patients, by showing low and
mostly negligible proportions of missing data, are displayed in
Table 2. Cases with unspecified tumor location colon/rectal
(653 cases) or with emergent CRC surgery (5059 cases avail-
able in SCRCR) were excluded from further analyses. Colon
cancer patients included approximately equal numbers of men
and women, except in NCT-HD and IPO-Porto (56% and 59%
men, respectively). By contrast, the proportion of men was
substantially higher among rectal cancer patients in all centers
except in IJB (49%). The age distribution substantially varied
across the centers. Moreover, on average, patients from popu-
lation-based registries were older than patients from institute-
based registries (70–72 vs 62–67 years for colon cancer; 67–68
vs 61–66 years for rectal cancer).

Tumor stages II and III were the most frequent stages of
colon cancer in all centers, except in IJB, where stages III and IV
were more frequent. In rectal cancer, stage I was the most frequent
stage in all centers, except in SCRCR and NCT-HD, where stage
III was more frequent (34% and 52%, respectively). For ECR
(NNCR) patients, no substantial difference in the frequency of
comorbidity types between MIS and ORS groups was observed,
except for a slightly higher proportion of diabetes and secondary
tumors in the ORS group (Table S1, http://links.lww.com/MD/B9
Supplemental Content).

By inspecting the trend of MIS utilization in 2007 to 2014
(Figure 1), we found that the proportion of colon or rectal cancer
patients undergoing MIS steadily increased nationally over time

�Converted laparoscopy to open surgery was registered as open surg
in Netherlands (NNCR, reaching >60% in 2014), Sweden
(SCRCR, close to 30% in 2014), and Norway (NCR, around
35% in 2012). Moreover, large differences were observed

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
between centers, particularly in rectal cancer cases, where
proportions ranged from 6% in IPO-Porto to 92% in IJB in 2012.

Use of MIS and ORS According to Patients’
Characteristics

A strongly divergent pattern of MIS use by tumor location
was seen across centers (Table 3; and Table S2, http://
links.lww.com/MD/B9 Supplemental Content, for frequency
of cases). MIS was used significantly less often in rectal than
in colon cancer patients at SCRCR (odds ratio [OR] 0.88, 95%
confidence interval [CI] 0.81–0.95), NCR (OR 0.56, 95% CI
0.51–0.62), and in NCT-HD (OR 0.51, 95% CI 0.33–0.79). By
contrast, MIS was used significantly more often in rectal than in
colon cancer patients at NNCR (OR 1.10, 95% CI 1.06–1.15)
and in IJB (OR 1.59, 95% CI 1.06–2.39).

Colon Cancer
Minimally invasive surgery was significantly less often

used in women than in men at NNCR (OR 0.86, 95% CI 0.83–
0.89) and SCRCR (OR 0.82, 95% CI 0.75–0.89). A similar
pattern was observed at IJB and IPO-Porto, whereas women
tended to undergo more often MIS at NCR, NCT-HD, and NKI.
There was a clear tendency toward less frequent use of MIS with
increasing age of the patient or higher tumor stage in all centers
(Table 3). In addition, MIS was significantly less used in obese
patients (body mass index [BMI]�30 kg/m2) (OR 0.80, 95% CI
0.70–0.92) in SCRCR (available only in SCRCR, data not
shown).

Rectal Cancer
Utilization of MIS for rectal cancer was significantly

higher in women than in men in SCRCR (OR 1.33, 95% CI
1.17–1.51), with a similar tendency in NCR, NCT-HD, and
NKI. Older patients (80þ years) in NNCR underwent signifi-

.

cantly less often MIS than younger patients. By contrast, MIS
use increased by increasing age of the patients in SCRCR and
NCR. Moreover, MIS was significantly less often used in
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TABLE 2. Baseline Characteristics of Patients With Colorectal Cancer Undergoing Surgical Resection in Each Center

Number of cases (%)

NNCR SCRCR NCR NCT-HD IJB NKI IPO-Porto

Baseline Characteristics Colon Rectum Colon Rectum Colon Rectum Colon Rectum Colon Rectum Colon Rectum Colon Rectum

Total
�

44411 14516 20187 10425 11012 3432 600 429 349 168 259 156 233 134

Sex

Men 23077 (52) 9113 (63) 9912 (49) 6254 (60) 5245 (48) 1990 (58) 336 (56) 292 (68) 173 (49) 83 (49) 121 (47) 98 (62) 137 (59) 75 (55)

Women 21334 (48) 5403 (37) 10275 (51) 4171 (40) 5767 (52) 1442 (42) 264 (44) 137 (32) 176 (51) 85 (51) 138 (53) 58 (38) 96 (41) 59 (45)

Mean age (�SD) y 70 (�11) 67 (�11) 72 (�11) 68 (�11) 72 (�12) 68 (�12) 62 (�14) 61 (�12) 65 (�12) 62 (�13) 62 (�12) 62 (�10) 67 (�11) 66 (�13)

Age groupy

<60 7206 (16) 3439 (24) 2613 (13) 2065 (20) 1525 (14) 779 (23) 226 (38) 176 (41) 110 (32) 72 (43) 102 (39) 61 (39) 56 (24) 47 (36)

60–69 12613 (28) 4858 (34) 4863 (24) 3263 (31) 2588 (24) 1060 (31) 163 (27) 131 (31) 102 (29) 52 (31) 96 (37) 53 (34) 71 (30) 22 (16)

70–79 15188 (34) 4471 (30) 7263 (36) 3362 (32) 3441 (31) 992 (29) 159 (27) 99 (23) 90 (26) 30 (18) 41 (16) 35 (22) 73 (31) 42 (32)

�80 9396 (21) 1747 (12) 5448 (27) 1734 (17) 3447 (31) 601 (17) 50 (8) 21 (5) 47 (13) 14 (8) 20 (8) 7 (4) 33 (14) 23 (16)

Stagez

I 7847 (18) 4754 (33) 3355 (17) 2763 (27) 1538 (15) 935 (30) 87 (15) 62 (16) 65 (19) 50 (30) 39 (16) 54 (36) 42 (18) 52 (40)

II 15980 (36) 3807 (26) 7885 (39) 3017 (29) 3975 (38) 817 (27) 175 (31) 83 (21) 81 (24) 45 (27) 78 (33) 42 (28) 90 (39) 30 (23)

III 13891 (31) 4552 (32) 6583 (33) 3550 (34) 2853 (27) 840 (27) 155 (27) 208 (52) 92 (27) 49 (30) 89 (38) 45 (30) 70 (30) 37 (28)

IV 6448 (15) 1235 (9) 2300 (11) 984 (10) 2154 (20) 476 (16) 153 (27) 48 (12) 99 (30) 22 (13) 31 (13) 10 (7) 31 (13) 12 (9)

IJB¼ Institute Jules Bordet in Brussels, IPO-Porto¼Portuguese Institute of Oncology in Porto, NCR¼Norwegian Cancer Registry, NCT-HD¼National Centre for Tumor Diseases in Heidelberg,
NKI¼Netherlands Cancer Institute, NNCR¼Netherlands National Cancer Registry, SCRCR¼Swedish Colorectal Cancer Registry�

Cases with unespecifed tumor location colon/rectum (SCRCR¼ 19 [<1%]; NCR¼ 634 [4%]) and cases undergoing emergent CRC surgery (SCRCR¼ 5059 [14%]) were excluded from the above
table and from further analyses.
yUnknown age: NNCR, 1 (<1%); SCRCR, 23 (<1%); NCR, 11 (<1%); NCT-HD, 4 (<1%).
zUnknown stage: NNCR, 413 (1%); SCRCR, 206 (1%); NCR, 904 (6%); NCT-HD, 58 (6%); IJB, 14 (3%); NKI, 27 (6%); IPO-PORTO, 3 (1%).
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<60 in NCR showed lower survival for patients with completed

FIGURE 1. Age-standardized trend of utilization of MIS in patients with colon (A) and rectal cancer (B) between 2007 and 2014. The by far
largest database (NNCR) was used as standard population for age standardization. IJB¼ Institute Jules Bordet in Brussels, IPO-
Porto¼Portuguese Institute of Oncology in Porto, NCR¼Norwegian Cancer Registry, NCT-HD¼National Centre for Tumor Diseases

rlan
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patients with high tumor stages in NNCR, SCRCR, and IJB, and
significantly more often used in patients with stage IV cancer in
the NCR (Table 3). In addition, MIS was significantly less often
used in obese patients (BMI �30 kg/m2) (OR 0.70, 95% CI
0.60–0.89) in SCRCR (data not shown).

Overall Survival After MIS and ORS
Survival analyses were restricted to patients from the

population-based registries. After excluding patients with miss-
ing follow-up (443 cases), a total of 103,540 cases (NNCR:
colon/rectal¼ 44,367/14,505; SCRCR: colon/rectal¼ 20,185/
10,425; NCR: colon/rectal¼ 10,684/3374) were eligible for
survival analysis. Median follow-up time was 35, 54 and 46
months for patients in NNCR, SCRCR, and NCR, respectively.

Colon Cancer
In all centers and in both metastatic and nonmetastatic

groups, colon cancer patients consistently showed longer over-
all survival after MIS (eg, 5-yr survival in nonmetastatic
patients in NNCR was 73.7% (95% CI 72.4%–74.9%) com-
pared with ORS (60.3%; 95% CI 59.3%–61.3%) (Table 4).

The HRs after adjustment for prognostic factors indicated
significant lower mortality for colon cancer patients who under-
went MIS compared with those who underwent ORS in NNCR
(HR 0.66, 95% CI 0.63–0.69); SCRCR (HR 0.68, 95% CI
0.60–0.76); and NCR (HR 0.73, 95% CI 0.67–0.79). The
significant survival advantage of MIS was observed in all
subgroups in NNCR and in most subgroups in SCRCR and
NCR (Table 5). Comparable results were observed from hazard
ratios between complete (nonconverted) MIS and ORS
(Table S3, http://links.lww.com/MD/B9 Supplemental Con-
tent). Adjusted survival curves are illustrated in Figure 2(A–C).

Rectal Cancer
In all centers, overall survival of nonmetastatic rectal

cancer patients was higher in the MIS group (eg, 5-year survival
in NNCR was 73.9% (95% CI 71.7%–76.0%) than in the ORS
group (66.8%; 95% CI 65.1%–68.5%). The limited number of

in Heidelberg, NKI¼Netherlands Cancer Institute, NNCR¼Nethe
Registry.
metastatic patients precluded an evaluation of the effect of
surgical resection type on survival (Table 4). The HRs indicated
significant lower mortality in rectal cancer patients who

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
underwent MIS compared with those who underwent ORS in
NNCR (HR 0.74. 95% CI 0.68–0.80) and SCRCR (HR 0.77,
95% CI 0.66–0.90). The significant survival advantage of MIS
was observed in most subgroups in NNCR and SCRCR, and in
only 2 subgroups (age group 60–69, and tumor stage I) in NCR
(Table 5). Comparable results were observed from HRs between
complete (nonconverted) MIS and ORS, except that age group

ds National Cancer Registry, SCRCR¼ Swedish Colorectal Cancer
MIS (Table S3, http://links.lww.com/MD/B9 Supplemental
Content). Figure 2(D–F) illustrates the adjusted survival curves.

DISCUSSION
In this large multicenter study, we investigated the util-

ization of MIS and ORS in newly diagnosed CRC patients
among 7 European major clinical centers and population-based
cancer registries. MIS was more likely applied in younger
patients and in early-stage tumors; this finding is in agreement
with a recent population-based study in England.18 MIS
in colon cancer patients was associated with higher overall
short-term and long-term survival compared with ORS in
all 3 population-based clinical registries (NCR, SCRCR, and
NNCR), also after adjustment for demographic and clinical
factors. MIS in rectal cancer patients was significantly associ-
ated with increased survival in NNCR and SCRCR. The study
has, however, not been able to adjust for the potential bias in
selection of patients to the surgery groups that may have
affected survival.

The overall percentage of CRC patients operated by MIS
increased from 2007 to 2014 in most of the centers. This
increase was expectedly in line with trends of MIS utilization
in other nationwide studies.19 However, the percentages varied
substantially between centers, with wider variations for rectal
than for colon cancer. Other studies showed similar variations
of MIS utilization regionally and across centers (academic and
nonacademic), although RCTs support the benefit of MIS in
treatment of CRC patients.20,21 Yeo et al21 reported an increase
in the utilization of MIS for CRC patients of institutions of the
National Comprehensive Cancer Network in the United States

between 2006 and 2010, with statistically significant variability
across institutions even after accounting for differences in stage
and comorbidities. In a study using the National Inpatient
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TABLE 3. Odds Ratio of Utilization of MIS to ORS for Colon and Rectal Cancer, by Baseline Patient Characteritics

OR
�

(95% CI)

Baseline Characteristics NNCR SCRCR NCR NCT-HD IJB NKI IPO-Porto

Tumor location
Colon 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Rectum 1.10 (1.06–1.15) 0.88 (0.81–0.95) 0.56 (0.51–0.62) 0>51 (0.33–0.79) 1>59 (1.06–2.39) 1.35 (0.79–2.31) 0.55 (0.21–1.44)

Colon cancer
Sex

Men 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Women 0.86 (0.83–0.89) 0>82 (0.75–0.89) 1.07 (0.98–1.16) 1.29 (0.80–2.09) 0.78 (0.50–1.21) 1.42 (0.70–2.92) 0.76 (0.27–2.12)

Age group
<60 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
60–69 0.91 (0.86–0.97) 0.93 (0.80–1.07) 0.86 (0.74–0.99) 0.78 (0.44–1.37) 0.97 (0.55–1.73) 0.92 (0.41–2.05) 0.28 (0.08–1.00)
70–79 0.80 (0.75–0.85) 0.72 (0.63–0.83) 0.86 (0.75–0.99) 0.27 (0.13–0.55) 0.67 (0.37–1.21) 0.58 (0.19–1.78) 0.21 (0.05–0.84)
�80 0.57 (0.54–0.61) 0.72 (0.62–0.83) 0.87 (0.76–0>99) 0.56 (0.22–1.44) 0.52 (0.25–1.06) 0.62 (0.15–2.46) 0.32 (0.06–1.60)

Stage
I 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
II 0.49 (0.47–0.52) 0.56 (0.50–0.63) 0.70 (0.62–0>79) 0>39 (0.20–0.75) 0.48 (0.24–0.94) 0.46 (0.18–1.15) 0.54 (0.15–1.87)
III 0.49 (0.47–0.52) 0.54 (0.48–0.61) 0.70 (0.62–0.80) 0.34 (0.17–0.68) 1.03 (0.53–2.00) 0.46 (0.19–1.11) 0.51 (0.13–1.94)
IV 0.22 (0.20–0.23) 0.26 (0.21–0.32) 0.43 (0.37–0.50) 0.21 (0.10–0.45) 0.34 (0.17–0.65) NE 0.22 (0.02–2.05)

Rectal cancer
Sex

Men 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
Women 1.00 (0.94–1.07) 1.33 (1.17–1.51) 1.05 (0.87–1.26) 1.06 (0.50–2.25) 0.70 (0.35–1.40) 1.54 (0.70–3.43) NE

Age group
<60 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
60–69 1.03 (0.94–1.13) 1.17 (0.97–1.42) 1.33 (1.03–1.72) 0.98 (0.45–2.15) 1.21 (0.53–2.77) 1.12 (0.46–2.74) NE
70–79 1.05 (0.96–1.15) 1.17 (0.97–1.41) 1.38 (1.07–1.80) 0.59 (0.22–1.57) 0.61 (0.24–1.52) 0.88 (0.31–2.51) NE
�80 0.89 (0.79–0.99) 1.30 (1.06–1.61) 1.56 (1.17–2.09) 0.44 (0.05–3.59) 0.51 (0.15–1.71) 1.42 (0.22–9.00) NE

Stage
I 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref) 1.00 (ref)
II 0.79 (0.73–0.86) 0.73 (0.62–0.85) 0.82 (0.64–1.05) 0.46 (0.15–1.38) 0.75 (0.30–1.87) 0.33 (0.12–0.94) NE
III 0.85 (0.78–0.92) 0.71 (0.61–0.83) 0.87 (0.69–1.11) 0.59 (0.24–1.41) 0.63 (0.26–1.54) 0.49 (0.19–1.25) NE
IV 0.37 (0.33–0.42) 0.31 (0.23–0.43) 1.53 (1.18–1.99) 0.25 (0.05–1.22) 0.21 (0.07–0.63) 0.50 (0.09–2.63) NE

IJB¼ Institute Jules Bordet in Brussels, IPO-Porto¼Portuguese Institute of Oncology in Porto, MIS¼minimally invasive surgery, NCR¼Norwegian Cancer Registry, NCT-HD¼National Centre for
Tumor Diseases in Heidelberg, NE¼ not enough available data to computer reliable estimates, NKI¼Netherlands Cancer Institute, NNCR¼Netherlands National Cancer Registry, ORS¼ open
resectional surgery, SCRCR¼Swedish Colorectal Cancer Registry.�

Odds ratio (OR) estimate of MIS utilization for subgroup of patients with respect to a reference (ref) subgroup. OR was obtained from multiple logistic regression model adjusted for sex, age group, and
tumor stage. ORs displayed in bold are statistically significant, P value <0.05.
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TABLE 4. Overall Unadjusted 1, 3, and 5-Year Survival Estimates for Colon and Rectal Cancer Patients According to Type of Surgery and Tumor Stage Group (I–III:
nonmetastatic, IV: metastatic) in Each Population-based Center

Survival Probability (95% CI)

NNCR SCRCR NCR

Outcomes Stage I–III Stage IV Stage I–III Stage IV Stage I–III Stage IV

Colon cancer
MIS (N) 18,264 1771 2055 122 2592 433

1-yr 94.5 (94.2–94.9)% 74.6 (72.4–76.7)% 96.5 (95.6–97.2)% 78.6 (69.9–85.0)% 94.3 (93.3–95.1)% 65.1 (60.4–69.4)%
3-yrs 84.5 (83.8–85.1)% 36.3 (33.3–39.3)% 87.8 (85.8–89.5)% 49.6 (37.9–60.2)% 83.6 (81.9–85.1)% 31.5 (26.7–36.4)%
5-yrs 73.7 (72.4–74.9)% NE 71.9 (68.1–75.3)% 35.9 (21.7–50.3)% 70.3 (67.6–72.9)% NE

ORS (N) 19,445 4673 15,767 2178 5572 1619
1-yr 87.1 (86.6–87.5)% 65.4 (63.9–66.8)% 92.7 (92.3–93.1)% 69.8 (67.7–71.6)% 89.1 (88.3–89.9)% 52.6 (50.2–55.0)%
3-yrs 73.1 (72.4–73.8)% 30.0 (28.5–31.6)% 80.5 (79.8–81>1)% 36.5 (34.3–38.6)% 76.2 (74.9–77.4)% 22.0 (19.9–24.0)%
5-yrs 60.3 (59.3–61.3)% 17.2 (15.5–19.0)% 61.6 (60.6–62.5)% 20.4 (18.3–22.6)% 62.3 (60.6–63.9)% 11.6 (9.6–138)%

Rectal cancer
MIS (N) 7085 411 1028 44 470 124

1-yr 95.8 (95.3–96.3)% 89.6 (86.0–92.3)% 96.6 (95.3–97.6)% 78.4 (62.4–88.2)% 96.3 (94.2–97.7)% 57.3 (48.1–65.4)%
3-yrs 86.2 (85.1–87.2)% 53.1 (46.5–59.3)% 86.9 (84.1–89.3)% NE 87.4 (83.4–90.5)% 26.3 (17.8–33.6)%
5-yrs 73.9 (71.7–76.0)% NE 68.6 (63.2–73.4)% NE NE NE

ORS (N) 6024 823 8246 932 2092 334
1-yr 93.1 (92.4–93.7)% 86.9 (84.4–89.1)% 93.9 (93.4–94.4)% 81.9 (79.3–84.3)% 95.6 (94.5–96.4)% 72.5 (67.3–76.9)%
3-yrs 80.7 (79.6–81.7)% 49.6 (45.5–53.4)% 81.8 (80.9–82.7)% 46.0 (42.5–494)% 85.2 (83.5–86.8)% 41.0 (35.4–46.8)%
5-yrs 66.8 (65.1–68.5)% 32.1 (27.6–36.7)% 63.7 (62.4–65.0)% 21.6 (18.3–25.3)% 71.2 (68.5–73.8)% 20.1 (14.0–27.0)%

MIS¼minimally invasive surgery, NCR¼Norwegian Cancer Registry (period: 2007–2012), NE¼ not enough available data to computer reliable survival estimates, NNCR¼Netherlands National
Cancer Registry (period: 2009–2014), ORS¼Open resectional surgery, SCRCR¼Swedish Colorectal Cancer Registry (period: 2007–2014).
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TABLE 5. Association of Surgery Type (MIS and ORS) With Overall Survival in Each Center, After Adjustment for Confounding Factors, and Stratified by Tumor Location and
Baseline Characteristics of Patients

HR
�

(95% CI)

NNCR SCRCR NCR

Baseline Characteristics Colon Rectum Colon Rectum Colon Rectum

Overall 0.66 (0.63–0.69) 0.74 (0.68–0.80) 0.68 (0.60–0.76) 0.77 (0.66–0.90) 0.73 (0.67–0.79) 0.91 (0.76–1.10)
Sex

Men 0.66 (0.63–0.70) 0.76 (0.69–0.84) 0.66 (0.56–0.77) 0.78 (0.63–0.95) 0.73 (0.65–0.82) 0.85 (0.66–1.09)
Women 0.66 (0.62–0.70) 0.70 (0.61–0.�80) 0.71 (0.59–0.84) 0.78 (0.6–1.00) 0.73 (0.65–0.81) 1.01 (0.75–1.34)

Age group
<60 0.67 (0.59–0.76) 0.58 (0.47–0.72) 0.49 (0.29–0.81) 0.89 (0.51–1.55) 0.64 (0.49–0.84) 1.65 (1.05–2.57)
60–69 0.71 (0.65–0.78) 0.70 (0.60–0.83) 0.66 (0.49–0.88) 0.95 (0.69–1.31) 0.71 (0.59–0.87) 0.60 (0.40–0.91)
70–79 0.66 (0.61–0.71) 0.79 (0.69–0.90) 0.75 (0.62–0.91) 0.70 (0.53–0.92) 0.68 (0.59–0.79) 1.03 (0.72–1.45)
�80 0.65 (0.60–0.70) 0.81 (0.68–0.95) 0.68 (0.57–0.82) 0.73 (0.56–0.96) 0.79 (0.71–0.�89) 0.79 (0.56–1.12)

Stage
I 0.63 (0.56–0.72) 0.73 (0.60–0.89) 0.88 (0.68–1.13) 0.69 (0.49–0.98) 0.78 (0.60–1.01) 0.38 (0.18–0.77)
II 0.61 (0.57–0.67) 0.73 (0.62–0.85) 0.57 (0.45–0.73) 0.84 (0.63–1.14) 0.70 (0.59–0.82) 0.93 (0.56–1.52)
III 0.61 (0.57–0.66) 0.70 (0.62–0.79) 0.71 (0.59–0.86) 0.75 (0.59–0.96) 0.73 (0.63–0.85) 0.80 (0.53–1.21)
IV 0.83 (0.76–0.89) 0.85 (0.70–1.03) 0.66 (0.49–0.88) 0.99 (0.62–1.56) 0.76 (0.67–0.86) 1.02 (0.79–1.34)

MIS¼minimally invasive surgery, NCR¼Norwegian Cancer Registry (period: 2007–2012), NNCR¼Netherlands National Cancer Registry (period: 2009–2014), ORS¼ open resectional surgery,
SCRCR¼Swedish Colorectal Cancer Registry (period: 2007–2014).�

Hazard ratio (HR) estimate of MIS to ORS by subgroup of patients. HR was obtained from multiple Cox regression model adjusted for sex, age group, tumor stage, neoadjuvant therapy (yes/no),
examined lymph nodes (<12, �12), and colon tumor location (right/left, for colon cancer patients only). HRs displayed in bold are statistically significant, P value <0.05.
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FIGURE 2. Survival of patients undergoing minimally invasive surgery (MIS) or open resectional surgery (ORS) estimated from Cox
regression models with adjustment for sex, age group, tumor stage, neoadjuvant therapy, examined lymph nodes, colon tumor location
(for colon cancer group only) in Netherlands (NNCR), Sweden (SCRCR), and Norway (NCR). Emergent surgeries excluded in SCRCR data
(n¼5074; 14%). NCR¼Norwegian Cancer Registry, NNCR¼Netherlands National Cancer Registry, SCRCR¼ Swedish Colorectal Cancer

Medicine � Volume 95, Number 22, June 2016 Laparoscopic Colorectal Cancer Surgery in Europe
Sample data, it was shown that academic centers were adopting
MIS technology more quickly than other centers.22 In the
current study, the highest rate of MIS utilization was seen in
IJB (an institutional center), specially for patients with primary
nonmetastatic rectal and left colon tumors. Moderate percen-
tages of MIS use were seen in the national registries of the
Netherlands (NNCR) and Norway (NCR). The national regis-
tries include a large number of hospitals, some of which have a
low volume of patients with CRC, probably affecting the
possibility of implementing MIS, although this is not shown
in the current study.

In a recent meta-analysis of RCTs on colon cancer, higher
5-year survival after MIS compared with ORS has been
reported.23 Furthermore, expert opinions in the literature sup-
porting the acceptability of MIS for treatment of colon cancer
have been shown to be correlated closely with published results
from large RCTs.24 Results from the COLOR (Colon cancer
Laparoscopic or Open Resection) trial (n¼ 1248) demonstrated
that utilization of MIS for resection of colon cancer is clinically
acceptable.6 Moreover, a recently published report from MRC
CLASICC (The Medical Research Council Conventional versus
Laparoscopic-Assisted Surgery In Colorectal Cancer) trial
(n¼ 794) showed no statistically significant difference in lo-
ng-term disease-free survival of CRC patients between MIS and

Registry.
ORS groups.25 In the current study, a major survival advantage
of MIS for resection of colon cancer was also observed, even
after adjustment for main prognostic factors. Data from the

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
current study suggest that MIS is an acceptable alternative to
open surgery in curative resection of colon cancer in older and
advanced-stage patients, which is also supported by a recent
report of 10-year outcomes of a prospective clinical trial.26 It is
very important to interpret the differences in survival in the
current study with caution, because the groups of patients in the
MIS and the ORS are most likely not exactly comparable, but
the epidemiologic data of the study imply that MIS can be safely
introduced in a population.

A comprehensive review on RCTs revealed that laparo-
scopic surgery for rectal cancer has been increasingly accepted
since 2006, but remains still controversial.24 In a recently
published report of the COLOR II trial, the overall 3-year
survival rates of rectal cancer patients in MIS (86.7%) and
ORS group (83.6%) were not significantly different.27 Results
from the MRC CLASICC trial also showed nearly identical
long-term outcomes of MIS and ORS in rectal cancer.25 In the
current study, results for rectal cancer were inconsistent, as
we found better survival after MIS compared with ORS in the
Netherlands (NCCR) and Sweden (SCRCR), but comparable
survival between both groups in Norway (NCR). Utilization of
MIS depended on age group and tumor stage. However,
whereas less MIS was used with increasing age of the patients
in the Netherlands and Sweden, the opposite was observed in

Norway. It has to be considered that diverse time periods were
included in the analyses, with more recent data from the
Netherlands and Sweden. Further studies with more detailed

www.md-journal.com | 9



data on clinical and patient-related factors are needed to explain
the observed differences.

This study is the first European level study that used
routinely available institution and population-based detailed
data, reflecting the implementation and outcomes of MIS in
routine clinical practice in a diverse patient population.
Strengths of the study include the presence of high-quality
population-based,28,29 and also institutional clinical cancer
registry data. The limitations of this study include the fact that
some possibly influential factors, such as patients’ comorbid-
ities, the Eastern Cooperative Oncology Group (ECOG) Per-
formance scales, or the Charlson comorbidity index, were not
available in sufficient completeness across the registries to be
considered in the analyses. However, these factors do not
primarily affect the outcomes of CRC patients who underwent
MIS as demonstrated in a large multicenter case-control
study.30 Although the survival estimates in this study have
been adjusted for majority of influential factors, the selection
criterion of CRC patients for each type of surgical resections
may widely differ within studied countries and it needs to be
investigated in further studies.

Furthermore, owing to the lack of information on obesity
of CRC patients in more centers, further assessments of this
factor on MIS utilization and clinical outcomes were not
possible. Additionally, absence of recurrence data precluded
assessment of disease-free survival of CRC patients. Survival of
patients from institution-based centers could not be studied
because of limited numbers of cases or due to missing active
follow-up of operated patients.

In conclusion, the utilization of MIS for curative resection
of CRC patients is increasing among European countries and
cancer centers with substantial differences between them. Util-
ization of MIS in curative resection of colon cancer may
enhance overall survival rates even in advanced-stage and older
patients. The use of MIS techniques in rectal cancer seems to
provide equivalent long-term overall survival to open surgery.
Further investigations are needed to ascertain whether there are
rectal cancer patients who will benefit from the application
of MIS.
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