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Abstract
Introduction Rectal cancer is a frequently diagnosed tumor worldwide. Various studies have shown the noninferiority or even
slight superiority of laparoscopic resection. However, there is no clear recommendation on whether age should influence the
choice of surgical approach.
Materials and methods This study compared outcomes of laparoscopic and open surgery in rectal cancer patients. Perioperative
mortality and 5-year overall, relative, and recurrence-free survival rates were analyzed separately for three age groups. Data
originate from 30 regional German cancer registries that cover approximately one quarter of the German population. All primary
nonmetastatic rectal adenocarcinoma cases with surgery between 2005 and 2014 were eligible for inclusion. To compare survival
rates, Kaplan–Meier analysis, a relative survival model, and multivariable Cox regression were used; a sensitivity analysis
assessed bias by exclusion.
Results Ten thousand seven hundred fifty-four patients were included in the analysis. The mean laparoscopy rate was 23.0% and
increased over time. Analysis of 30-day postoperative mortality rates revealed advantages for laparoscopically treated patients,
although the significance level was not reached in any age group. Regarding 5-year overall survival, laparoscopy generally seems
to be the superior approach, whereas for recurrence-free survival, an age-dependent gradient in effect size was observed: with a
hazard ratio (HR) of 0.703 for laparoscopy, patients under 60 years benefitted more from the minimally invasive approach than
older patients (septuagenarians, HR 0.923).
Conclusion Laparoscopy shows similar results to the open approach in terms of postoperative survival in all age groups.
Concerning long-term outcomes, younger patients benefitted most from the minimally invasive approach.

Keywords Bowel cancer . Minimally invasive surgery . Age groups . Health services research . Registries

Introduction

Colorectal cancer ranks among the top three malignant tumor
entities in Germany and worldwide [1]. According to a survey
conducted by theWorld Health Organization (WHO), 1.4 mil-
lion people worldwide were diagnosed with this type of tumor
in 2012 [2]. Approximately one-third of these carcinomas are
located in the rectum [1].

Curative treatment of colorectal carcinoma involves radical
surgical resection of the tumor. In the past, open surgery was
the first choice for rectal resections, and even today, many
surgeons still prefer the conventional approach. Despite prom-
ising results in favor of the minimally invasive approach de-
rived from the high-quality COLOR II trial published in 2015
[3], as well as those from a number of other important pro- and
retrospective trials [4–7], there is an ongoing discussion on the
topic [8].
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The trend is moving increasingly toward individualized
treatment pathways. It is not uncommon for benefits of a par-
ticular treatment to be associated with certain patient charac-
teristics. Therefore, when assessing an intervention such as the
surgical approach, it is necessary to conduct separate analyses
for relevant subgroups. Age can have great influence on the
perception of different therapeutic modalities [9]. Based on a
large pooled database of German cancer registries, this study
provides a comprehensive picture of short- and long-term sur-
vival after laparoscopic and open surgery with special empha-
sis on the influence of age.

In Germany, rectal cancer treatment is highly standardized
by evidence-based guidelines and elaborate quality manage-
ment processes [10–12], which aim to ensure a patient’s ade-
quate treatment regardless of social or economic status.
Together with the huge study population of this survey
allowing for detailed subgroup analyses, this guarantees ideal
conditions to objectively examine oncologic outcomes after
tumor resection in daily clinical practice.

Patients and methods

Data for this publication were gathered in 30 regional cancer
registries located predominantly in southern and eastern
Germany. Together, they cover approximately 28% of the en-
tire German population. Each registry employs trained docu-
mentation officers who systematically collect medical records
of all tumor patients registered in their area. For this purpose,
all patients must provide their formal consent. Information on
life status is regularly updated by official authorities or using
death certificates issued by the public health service. The
anonymized unified dataset of all 30 registries was prepared
by data analysts of the German Cancer Registry Association
(ADT) [13] in strict accordance with the organization’s high
data protection standards.

According to ICD-10-GM [14], all malignant tumors locat-
ed 16 cm or less from the anocutaneous line are defined as
rectal cancer (C20). For the purpose of this analysis, all pa-
tients up to the age of 79 years with a diagnosis of rectal cancer
and surgery between January 1, 2005 and December 31, 2014
were eligible for inclusion. Subsequently, only patients with
primary nonmetastatic adenocarcinomas and elective radical
sphincter-preserving surgical treatment of their tumor were
considered. Details on each patient include demographics, tu-
mor characteristics, surgical procedure, and perioperative che-
moradiotherapy (Table 1). For subgroup analyses, age at sur-
gery was categorized into the following three groups: under
60 years, 60–69 years, and 70–79 years.

To compare 30-day postoperative mortality rates, uni- and
multivariable logistic regression models were used. To deter-
mine the necessity of including each covariable in the multi-
variable model, an extensive literature search was first

conducted. Thus, it was explored whether a variable has an
independent influence on the outcome. Consequently, sex,
tumor location, Union for International Cancer Control
(UICC) stage, grading, and perioperative chemoradiotherapy
were identified as potential confounders [15–21]. Second, a χ-
square distribution test was performed for the whole study
population. All potential confounders with a probability of
less than p = 0.5 of being equally distributed in the open and
laparoscopic surgery groups were included in the final model
for the regression analyses.

Median follow-up was 6.2 years. Therefore, a 5-year ob-
servation period after surgery could be used to compare sur-
vival rates in patients with laparoscopic vs. open resections.
To focus on the long-term perspective, the effect of perioper-
ative mortality was eliminated by applying a 30-day cutoff
time and t = 31 days after surgery was set as the starting point
for the observation period. Correspondingly, patients with a
survival or observation time of less than 31 days were exclud-
ed from these analyses. In addition to Kaplan–Meier analysis,
a multivariable Cox regression model was formulated [22].
Again, it was adjusted for all potential confounders that were
unequally distributed in the open and laparoscopic surgery
groups. To adjust for regional life expectancy, a relative sur-
vival model was computed [23]. Data on general mortality of
the German population were obtained from the Human
Mortality Database of the Max Planck Institutes [24].

To account for bias due to missing data, a sensitivity anal-
ysis was performed. This was based on univariable logistic
regression and Kaplan–Meier analysis with inclusion of ini-
tially excluded patients. All significance tests were two sided
with a significance level of 0.05; results are displayed as p-
values or 95% confidence intervals (CI). The findings of this
survey are presented in strict compliance with the
Strengthening the Reporting of Observational studies in
Epidemiology (STROBE) statement [25]. During this study,
IBM SPSS 25 (IBM Corp., SPSS for Windows, Armonk, NY,
USA), as well as R version 3.3.2 (R Foundation for Statistical
Computing, Vienna, Austria; http://www.R-project.org/), and
the R package Brelsurv^ (Maja Pohar-Perme) were used [23].

Results

From January 1, 2005 to December 31, 2014, 29,877 patients
between 18 and 79 years of age underwent radical sphincter-
preserving resection of a rectal carcinoma (ICD-10-GM:
C20). At the time of surgery, 29.0% of these patients had
already developed distant metastases, suffered from syn- or
metachronous colorectal malignancies, had a tumor with un-
common histologic subtype, or underwent an emergency pro-
cedure. A further 18.2% of the patients lacked information on
UICCTNM stage, grading, or tumor location, and in 16.9% of
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cases, the surgical approach was unknown. These patients
were excluded from further analyses (Fig. 1).

The final dataset included 10,745 patients. The observed
laparoscopy rate was 23.0% on average, with the rate increas-
ing over time from 13.7% in 2005 to 34.1% in 2014.
Laparoscopy patients were more often female (39.0 vs.
33.7%) and younger (mean age 64.2 vs. 65.8 years; median
age 65.5 vs. 67.5 years). Laparoscopically resected tumors
were more frequently located in the upper third of the rectum
(12–16 cm from anal verge) and were more often diagnosed as
UICC stage I. UICC stage III was distributed almost equally

between the open and laparoscopic treatment groups (laparos-
copy 36.9 vs. open surgery 37.1%; Table 1).

The overall mortality rate 30 days after surgery was 1.4%.
Among patients aged 59 years or younger, 0.4% had died,
compared to 2.3% among the septuagenarians. Uni- and
multivariable regression analysis of 30-day postoperative
mortality revealed advantages for laparoscopically treated
patients, although the significance level was not reached (in
the highest age group, it was missed only slightly: odds ratio,
OR 0.559; 95% confidence interval, 95% CI 0.296–1.058;
Fig. 2a–f).

Fig. 1 Flowchart of study patient
selection

Table 1 Baseline characteristics of the study population according to surgical access. Lower third ≙ 0–5.9 cm, middle third ≙ 6–11.9 cm, upper third ≙
12–16 cm from anal verge

Open (n = 8272) Laparoscopic (n = 2743) χ2

Sex Male 5848 66.3% 1508 61.0% < 0.001
Female 2788 33.7% 965 39.0%

Age (years) < 60 2137 25.8% 819 33.1% < 0.001
60–69 2837 34.3% 839 33.9%

70–79 3298 39.9% 815 33.0%

Location Lower rectum 1907 23.1% 481 19.5% < 0.001
Middle rectum 3566 43.1% 996 40.3%

Upper rectum 2799 33.8% 996 40.3%

UICC stage I 2728 33.0% 930 37.6% < 0.001
II 2471 29.9% 631 25.5%

III 3073 37.1% 912 36.9%

Grading G1/2 7055 85.3% 2135 86.3% 0.195
G3/4 1217 14.7% 338 13.7%

Perioperative chemoradiotherapy Yes 3427 41.4% 922 37.3%

No 4845 58.6% 1551 62.7% < 0.001
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In the subsequent analyses of long-term survival, the effect
of perioperative mortality has been nullified by exclusion of
patients with a survival or observation time of less than 31 days.

In Kaplan–Meier analysis, patients treated with minimally
invasive surgery had a significant survival advantage, regard-
less of age. Among septuagenarians, 74.9% of laparoscopic
and 69.5% of open surgery patients survived the first 5 post-
operative years (p = 0.009). A comparable advantage for lap-
aroscopy can be seen in the middle and youngest age groups.
After adjustment for sex, tumor location, UICC stage, grading,

and perioperative therapy, the superiority of laparoscopy re-
mains significant in all age groups (Fig. 3a–f).

Taking into account the baseline mortality of the German
population, the 5-year relative survival rate of laparoscopic
patients aged younger than 50 years was 93.2%, compared
to 89.0% in the open resection group (p = 0.024).
Laparoscopy also turned out to be superior in the other age
groups (60–69 years 92.4 vs. 87.2%, p < 0.001; 70–79 years
87.5 vs. 80.7%, p = 0.012).

A similar situation can be observed for 5-year recurrence-
free survival. While recurrence-free survival rates are gener-
ally indirectly proportional to age, laparoscopy turned out to
be the significantly superior approach in all analyzed strata.
For example, among patients aged 60 to 69 years, 5 years after
surgery, 78.5% of laparoscopic compared to 72.4% of open
surgery patients were still alive and had not yet suffered from a
recurrence (p = 0.001). Upon performing a multivariable Cox
regression analysis, the situation changes slightly: an age-
dependent gradient can now be seen. With a HR of 0.703
(95% CI 0.578–0.855), the greatest advantage for the mini-
mally invasive approach was achieved in the youngest age
group. Among septuagenarians, no significant advantage
could be observed (HR 0.923, 95% CI 0.798–1.066;
Fig. 4a–f).

Finally, a sensitivity analysis was conducted to quantify
bias due to exclusion of patients with missing data. In terms
of 30-day postoperative mortality, included patients did not
have a significant advantage over excluded patients (<
60 years OR 0.96, p = 0.401; 60–69 years OR 0.95, p =
0.069; 70–79 years OR 0.98, p = 0.214). Looking at 5-year
overall survival rates, included patients did have a significant-
ly superior survival rate compared to patients excluded due to
missing data (79.5 vs. 78.1%, p = 0.017). However, the abso-
lute difference in survival rates was only 0.6%.

Discussion

The present study investigates the question of whether lapa-
roscopy and laparotomy are equally suitable in all age groups.
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�Fig. 2 Postoperative mortality (30 days). OR odds ratio, CI two-sided
95% confidence interval. Logistic regression analysis comparing 30-day
postoperative mortality rates open vs. laparoscopic surgery; reference:
open approach. a Univariable logistic regression analysis on patients <
60 years. b Multivariable logistic regression analysis on patients <
60 years; adjustment for sex, location, TNM stage, grading, and periop-
erative therapy; reference: open approach. c Univariable logistic regres-
sion analysis on patients 60–69 years. dMultivariable logistic regression
analysis on patients 60–69 years; adjustment for sex, location, TNM
stage, grading, and perioperative therapy; reference: open approach. e
Univariable logistic regression analysis on patients 70–79 years. f
Multivariable logistic regression analysis on patients 70–79 years; adjust-
ment for sex, location, TNM stage, grading, and perioperative therapy;
reference: open approach



The analyses on 10,745 patients from a German cancer regis-
t ry gr id showed nons ign i f i can t advan tages fo r
laparoscopically treated patients concerning the 30-day post-
operative mortality with similar results in all age groups. In

terms of 5-year overall survival, the superiority of laparoscopy
remains significant in all age-stratified subgroups even after
adjustment for relevant covariables. The minimally invasive
approach is also followed by lower recurrence rates.

Fig. 3 Overall survival after perioperative period (31 days–5 years). HR
hazard ratio, CI two-sided 95% confidence interval. a Kaplan–Meier
analysis on patients < 60 years: 5-year cumulative overall survival rate
open vs. laparoscopic surgery: 87.2 vs. 91.0%, p = 0.011. bMultivariable
Cox regression analysis on patients < 60 years, adjustment for sex, loca-
tion, TNM stage, grading, and perioperative therapy; reference: open
approach. c Kaplan–Meier analysis on patients 60–69 years: 5-year cu-
mulative overall survival rate open vs. laparoscopic: 81.9 vs. 86.8%, p =

0.001. d Multivariable Cox regression analysis on patients 60–69 years,
adjustment for sex, location, TNM stage, grading, and perioperative ther-
apy; reference: open approach. e Kaplan–Meier analysis on patients 70–
79 years: 5-year cumulative overall survival rate open vs. laparoscopic:
69.5 vs. 74.9%, p = 0.009. f Multivariable Cox regression analysis on
patients 70–79 years, adjustment for sex, location, TNM stage, grading,
and perioperative therapy; reference: open approach

Fig. 4 Recurrence-free survival after perioperative period (31 days–
5 years). HR hazard ratio, CI two-sided 95% confidence interval. a
Kaplan–Meier analysis on patients < 60 years: 5-year cumulative
recurrence-free survival rate open vs. laparoscopic: 75.1 vs. 82.9%,
p < 0.001. bMultivariable Cox regression analysis on patients < 60 years,
adjustment for sex, location, TNM stage, grading, and perioperative ther-
apy; reference: open approach. c Kaplan–Meier analysis on patients 60–
69 years: 5-year cumulative recurrence-free survival rate open vs.

laparoscopic: 72.4 vs. 78.5%, p = 0.001. d Multivariable Cox regression
analysis on patients 60–69 years, adjustment for sex, location, TNM
stage, grading, and perioperative therapy; reference: open approach. e
Kaplan–Meier analysis on patients 70–79 years: 5-year cumulative
recurrence-free survival rate open vs. laparoscopic: 64.4 vs. 67.6%, p =
0.089. f Multivariable Cox regression analysis on patients 70–79 years,
adjustment for sex, location, TNM stage, grading, and perioperative ther-
apy; reference: open approach
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Concerning 5-year recurrence-free survival, younger patients
seem to benefit more from laparoscopy.

These results give valuable insight into the daily clinical
practice of rectal cancer surgery, since data comparing long-
term results after laparoscopic vs. open approaches are scarce.
It is only 3 years ago, that one of the first high-quality ran-
domized controlled trials (RCTs) on the topic, the internation-
al COLOR II trial, was published [3]. These authors demon-
strated the general oncologic safety of the minimally invasive
approach. The validity of these positive results in daily clinical
practice was confirmed by analyzing a representative cohort
of approximately 1500 patients from southern Germany [4].
However, no two patients are exactly alike, and only individ-
ualized treatment will result in optimal outcomes, hence the
need for more detailed analyses.

When selecting the appropriate therapeutic pathway to treat
cancer, many aspects must be considered. Age is inevitably
one of these aspects. Several studies have shown that there is a
strong association between age and the prevalence of comor-
bidities [26, 27]. Therefore, there is a consensus that studies
comparing treatment options such as different surgical ap-
proaches must regard age as a potential confounder, at least
if the age distribution differs between treatment groups.

In most observational studies on the topic, laparoscopically
treated patients have tended to be younger. For example,
Nussbaum et al. used a large cancer registry from the USA
and examined approximately 19,000 patients with low anteri-
or rectum resection due to carcinoma [28]. Patients receiving
minimally invasive surgery were significantly younger by
1 year. In 2015, Yeo et al. performed a large multicenter trial
and found laparoscopic surgery patients to be, on average,
2.5 years younger [29]. In the publication of Draeger et al.,
laparoscopy patients were younger by 2.9 years on average,
with age groups significantly differently distributed among the
comparison groups (p < 0.001) [4]. Kolfschoten et al. also
identified lower age as a relevant predictor for the laparoscop-
ic approach [30]. Even in the randomized COLOR II trial, an
age difference of 1 year between groups could be observed,
while in this case, laparoscopic patients had the higher mean
age, with 66.8 years [7]. Age obviously plays an important
role in the selection of surgical approach.

This raises the question of whether laparoscopy and lapa-
rotomy are equally suitable in all age groups. A large study
population is crucial for representative and statistically stable
results at the subgroup level. Unfortunately, the problem of
enrolling a sufficiently large number of participants is a com-
mon issue in RCTs. COLOR II, for instance, although current-
ly the largest clinical trial on rectal cancer surgery, included
only 1044 patients [3]. More substantial caseloads are reached
in some registry-based studies, such as that of Nussbaum et al.
[28]. However, most of these investigations suffer from a dif-
ferent limitation: in the absence of data on long-term survival,
analyses have to be restricted to perioperative outcomes. To

the best of our knowledge, the present study is the first with
both a substantial caseload and true long-term follow-up. The
age-stratified comparison of laparoscopic and open surgery
for colorectal cancer resection performed herein permits as-
sessment of potential effect modification of survival outcomes
for the first time.

Some limitations must be considered when interpreting
the results presented in this study. Unfortunately, information
on nononcologic comorbidities is lacking, since there is no
consensus between the participating cancer registries on the
issue and, therefore, systematic documentation of American
Society of Anesthesiologists (ASA) or a comorbidity score
does not take place. However, there is evidence that stratify-
ing by age, as it was done in this study, may partly account
for this shortage: older patients tend to suffer from more
potentially life-threatening illnesses than younger patients
[26]. According to a survey by the Dutch cancer registry on
colorectal cancer patients, there is a significant association
between age and the number of comorbidities [27].
Notwithstanding, a future systematic documentation of
ASA or a different comorbidity score is desirable to enable
more accurate risk adjustment.

As stated above, this survey aims to paint a holistic picture
of national rectal cancer care. Therefore, many regional can-
cer registries were encouraged to provide their data.
However, some of these institutions are better established
than others, leading to a somewhat inhomogeneous data
quality level. If information gaps could not be filled, patients
had to be excluded to match mandatory statistical standards.
Therefore, a sensitivity analysis was conducted and could
show that the necessary exclusion process only introduced
a small amount of bias into the analysis of long-term surviv-
al, while results on short-term survival were not influenced
significantly at all. Thus, all presented findings can be
regarded as stable.

Concerning short-term outcomes, laparoscopic surgery
patients in this study had a lower postoperative mortality rate
in all age groups. However, the effect size was only moderate
and the significance level was not reached in any age group.
Extensive literature research revealed that Landi et al. also
analyzed death within 30 days after surgery and found a
significantly lower mortality rate in the laparoscopic than
the open surgery group for patients under 80 years (0 vs.
4.6%, p = 0.049) [31]. A possible reason for the advantage
of the minimally invasive surgical approach could be the
lower postoperative complication rate. For example,
Kolfschoten et al. and Mroczkowski et al. observed a higher
number of complications after the conventional approach [6,
30]. McKay et al. divided their collective into patients under
and over 70 years and analyzed the postoperative complica-
tion rate. In both age groups, more complications occurred
after open surgery. Additionally, the complication rate was
higher among patients aged over 70 years, both in the open
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and in the laparoscopic group [32]. Taking all these studies
into account, laparoscopy indeed seems to be the superior
surgical approach in terms of short-term outcomes, but age
is not an effect modifier.

A significant advantage of laparoscopy could again be ob-
served for overall survival in all age groups 5 years after sur-
gery. Regarding recurrence-free survival, rates were higher in
the laparoscopic group, although the significance level was no
longer reached in the oldest group. Taking a closer look at the
actual effect sizes after adjustment for confounders, an age-
dependent gradient can be seen: With 0.703, the HR for lap-
aroscopy is lowest in the youngest age group, grows to 0.787
in patients between 60 and 69 years, and is highest among
septuagenarians (HR = 0.923). In the long term, young people
obviously benefit most from minimally invasive surgery,
while survival and recurrence patterns in older patients seem
to depend less on the surgical approach. Future research is
indispensable to further investigate the reasons for this
observation.

All results of this study are based on 10,745 patients from
30 regional cancer registries covering approximately one
quarter of the German population and can be regarded as
representative. Even considering all limitations, the presented
findings are statistically stable over all investigated age
groups. Moreover, the application of multivariable analyses
and relative survival models generated adjusted results going
beyond mere observation. These can be used for direct com-
parison with patient samples from other regions. Thus, future
research on this topic shall be encouraged.

Conclusion

In terms of postoperative survival, laparoscopy is at least
equivalent to open surgery, with similar results in all age
groups. Laparoscopy is also followed by better long-term sur-
vival and lower recurrence rates. Particularly, younger patients
seem to benefit more from the minimally invasive approach.
Increased use of laparoscopy for rectal cancer should be con-
sidered in this group.
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