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Abstract
Purpose  This study investigates the potential correlation between the surgical stress response and long-term survival in 
patients undergoing treatment for colon cancer using either RAS (robot-assisted surgery) or LAS (laparoscopic surgery) and 
whether this correlation is influenced by the surgical approach. The primary objective was to assess the association between 
postoperative C-reactive protein (CRP) response and recurrence-free survival in RAS compared with LAS. Secondary end-
points included all-cause mortality and time-to-recurrence.
Methods  This Danish nationwide cohort study included patients diagnosed with Union for International Cancer Control 
(UICC) stage I–III colon cancer who underwent either RAS or LAS between 2010 and 2018. We employed the Cox propor-
tional regression model to analyze the time-to-event outcomes for both primary and secondary endpoints in patients exhibiting 
either a low postoperative CRP response (< 80 mg/L) or a high CRP response (CRP ≥ 80 mg/L).
Results  A total of 3484 patients were included in the study, with 490 (14.1%) undergoing RAS and 2994 (85.9%) undergoing 
LAS. The median follow-up time was 32.5 months (interquartile range [IQR] = 21.0–48.7) for the RAS group and 35.4 months 
(IQR = 22.8–50.9) for the LAS group. In the RAS group, a lower CRP response (CRP < 80 mg/L) was not associated with 
improved recurrence-free survival (HR = 0.78, 95% confidence interval [CI] [0.53–1.13], p = 0.184), all-cause mortality 
(hazard ratio [HR] = 0.76, 95% CI [0.46–1.26], p = 0.282), or time-to-recurrence (HR = 0.64, 95% CI [0.49–1.06], p = 0.079).
Conclusions  The postoperative CRP response was not significantly associated with improved long-term survival outcomes 
in patients undergoing RAS or LAS for UICC stage I–III colon cancer.

Keywords  Surgical stress response · Robot-assisted surgery · Laparoscopic surgery · Minimally invasive surgery · Colon 
cancer · Long-term survival · Recurrence

Introduction

Robot-assisted surgery is increasingly implemented in Den-
mark for the resection of colon cancer and steadily replaces 
conventional LAS [1]. It is associated with improved ergo-
nomics, a better field of view [2], and reduced periopera-
tively induced surgical stress response [3]. The short-term 
related benefits of RAS include enhanced recovery and 
lower conversion rates [4, 5]. The influence of the surgical 
stress response on long-term survival in minimally invasive 
colon cancer surgery has not been sufficiently studied. How-
ever, a nationwide cohort study indicated improved long-
term survival using RAS compared with LAS in patients 
with colon cancer [6].

Even though oncological treatment has advanced in 
recent decades, surgical treatment remains the cornerstone 
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for resectable colon cancer. However, the degree of intra-
operatively induced surgical trauma may be associated 
with a potential progression of the existing micrometa-
static foci through the release of stress hormones, proin-
flammatory cytokines, and changes in the cellular immune 
response [7, 8]. The degree of the perioperatively induced 
systemic inflammation can be monitored by several bio-
markers, e.g., neutrophil–lymphocyte ratio and Glasgow 
Prognostic Score, to predict long-term survival [9, 10]. 
C-reactive protein, a frequently used acute-phase reactant 
in the postoperative monitoring of patients undergoing 
colorectal cancer surgery, can be used in the prediction of 
long-term survival, as elevated CRP levels in the postoper-
ative course are associated with overall decreased survival 
rates [11]. This is unequivocal, as a higher CRP response 
favors overall survival, colorectal-specific survival, and 
recurrence-free survival. A pronounced CRP response has 
been shown to correlate with a diminished overall- and 
colorectal-specific survival, as well as recurrence-free 
survival in patients undergoing colorectal cancer surgery 
[11].

The influence of the surgical stress response on long-
term survival in patients undergoing RAS for colon cancer 
has not been studied earlier. This study aims to evaluate a 
possible association between the perioperatively induced 
surgical trauma measured by the CRP concentration in 
the early postoperative course and long-term oncological 
outcomes in patients undergoing RAS or LAS for UICC 
stage I–III colon cancer.

Methods

Study design, setting, and participants

This observational cohort study examined a possible asso-
ciation between the surgically induced stress response in 
patients undergoing either RAS or LAS for nonmetastatic 
colon cancer between 1 January 2010 and 31 December 
2018. The cohort included adults (age > 18 years) sched-
uled for intended curative right, transverse, left-sided, and 
sigmoid colon resections. Patients undergoing planned sur-
gery for UICC stage I–III colon cancer were identified dur-
ing the specified period through prospective registration 
of data recorded in the Danish Colorectal Cancer Group 
Database (DCCG), thereby excluding patients undergo-
ing emergency surgery. The study was conducted and 
reported according to the recommendations outlined in 
The Strengthening the Reporting of Observational Stud-
ies in Epidemiology (STROBE) statement: guidelines for 
reporting observational studies [12].

Data sources

Data, including the patient’s baseline and peri- and post-
operative clinical characteristics, were obtained from 
the DCCG registry database. It contains information 
regarding the diagnosis and surgical treatment of adults 
aged > 18 years undergoing colorectal cancer surgery at 
Danish public institutions since May 2001. The DCCG 
has a high accuracy and completeness rate of > 99% [13]. 
Since all inhabitants of Denmark are provided with a 
unique security number (CPR) at birth, all records related 
to health information, including (1) clinical contacts, (2) 
treatments, (3) cancer registry, and (4) clinical laboratory 
information, can be linked to the respective CPR number. 
The Danish National Patient Registry (DNPR) monitors all 
in- and outpatient admissions, diagnoses specified by the 
International Classification of Diseases (ICD 8–10), and 
treatments, including surgical procedures, other interven-
tional treatments, and examinations. It has complete cover-
age reported from 1978 and is updated continuously [14]. 
Data related to the diagnosis of malignant tumors, staging, 
morphology, and grading were collected from the Danish 
Cancer Registry (DCR) [15]. Information concerning the 
recurrence of colon cancer was estimated using data from 
the DCCG registry enriched with the Lash et al. algorithm 
[16]. Data regarding the postoperative CRP response was 
collected from RLRR (Register of Laboratory Results for 
Research).

Outcomes

The main objective was to evaluate the risk of cancer 
recurrence among patients who underwent surgery for 
UICC stage I–III colon cancer, comparing those treated 
with either RAS or LAS techniques, and to investigate 
whether this risk was associated with the level of postop-
erative CRP response. Secondarily, we wanted to examine 
the association between (1) all-cause mortality, (2) time-
to-recurrence, and (3) the postoperative CRP response. 
Recurrence was defined as indicated by Lash et al. in a 
validated algorithm collecting data from several Danish 
health registers (DNPR, DPR, and DCR). Local or distant 
recurrence was identified searching the DNPR in case of a 
registered: (1) metastasis code (ICD 76–80) after 180 days 
following the primary surgical procedure and without evi-
dence of a newly registered cancer diagnosis; (2) cyto-
static therapy code (BWHA 1–2, BOHJ17 of BOHJ19B1) 
180 days after the surgical procedure or 60 days follow-
ing the last cytostatic therapy, and without having a new 
cancer; (3) DPR registered Systematized Nomenclature of 
Medicine—Clinical Terms (SNOMED) codes 180 days or 
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more after index surgery; or (4) a specific code consistent 
with local recurrence registered in the DNPR. According 
to the algorithm, patients were excluded if colorectal can-
cer or recurrence diagnosis was registered within 180 days 
after the primary diagnosis, except individuals diagnosed 
with nonmelanoma skin cancer [16]. The 180-day limit 
was applied to both primary and secondary outcomes, 
thereby excluding patients with evidence of recurrent 
disease.

Statistics

Data were extracted from DCCG, Clinical Laboratory 
Register, and DNPR data and transformed to The Observa-
tional Medical Outcomes Partnership Common Data Model 
(OMOP-CDM)[17]. Propensity scores (PS) were estimated 
using a LASSO logistic regression, which conducts a penal-
ized likelihood regression [18, 19]. Covariates included in 
the PS model were related to the respective group’s demo-
graphic characteristics, measurements, and ICD diagnosis 
and procedure codes. Sensitivity analyses were conducted 
using PS matching to assess whether the reported estimates 
were affected by baseline confounding and thereby the 
degree of treatment assignment bias by matching exposed 
with nonexposed individuals. Patients were matched in 
a 1:1 ratio upon their estimated PS with a max calipher width 
of 0.2 on the logit scale as proposed by Austin et al. [20, 21]. 
A Cox proportional hazard regression model was used to 
verify any potential effect modification of the postoperative 

CRP response and long-term survival, stratified by a low 
postoperative CRP response (< 80 mg/L) compared with the 
group with a high CRP response (≥ 80 mg/L) across post-
operative day 1–3. The assumptions underlying this cutoff 
threshold stem from data obtained in an observational study 
comparing patients undergoing planned RAS versus LAS for 
colorectal cancer [22]. Results of both the unadjusted and 
adjusted analyses following PS matching are shown in Fig. 1. 
Patients with missing data, including covariates incorporated 
in the PS model, were excluded from the Cox proportional 
hazard regression analysis. We did not perform a prior sam-
ple size calculation for the main objective because there was 
no existing reporting on whether the degree of CRP response 
was associated with long-term survival and the choice of 
surgical method. A two-sided p-value < 0.05 was considered 
statistically significant. Cohorts were identified using the 
ATLAS platform (version 2.7.3), and the statistical analyses 
were carried out in RStudio (version 4.2.0) using the cohort 
method package (version 4.2.2).

Results

A total of 3484 patients, 490 (14.1%) undergoing 
RAS and 2994 (85.9%) undergoing LAS, were identi-
fied from January 2010 through December 2018 before 
PS matching, leaving 384 patients after PS matching 
in each study group. The median follow-up time in the 
groups was {RAS = 32.5 months (IQR = 21.0–48.7) and 

Fig. 1   Density plot of propensity scores before (A) and after (B) matching in patients undergoing RAS (target) and LAS (comparator) for UICC 
stage I–III colon cancer
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Table 1   Baseline characteristics

BMI body mass index, ASA American Society of Anesthesiologists, UICC Union for International Can-
cer Control, CRP   C-reactive protein, RAS robot-assisted surgery, LAS   laparoscopic surgery, PS propensity 
score, SMD  standard mean difference

Variable Before PS matching After PS matching

RAS (490) LAS (2994) SMD RAS (384) LAS (384) SMD

Age, years (mean, SD) 70.6 (10.1) 70.3 (10.1) 0.03 70.1 (9.9) 70.3 (9.9) 0.02
BMI
 ≤ 18.5 13 (2.7) 70 (2.3) 0.02 10 (2.6) 9 (2.3) 0.02
 > 18.5 and ≤ 25 178 (36.3) 1107 (40.0) 0.01 139 (36.2) 141 (36.7) 0.02
 > 25 and ≤ 30 173 (35.3) 1084 (36.2) 0.02 132 (34.4) 148 (38.5) 0.08
 > 30 and ≤ 35 75 (15.3) 467 (15.6) 0.01 61 (15.9) 53 (13.8) 0.07
 > 35 37 (7.6) 182 (6.1) 0.06 29 (7.6) 22 (5.7) 0.04
 Missing 14 (2.9) 84 (2.8) NA 13 (3.4) 11 (2.9) NA

Gender
 Female 210 (42.9) 1421 (47.5) 0.09 173 (45.1) 170 (44.3) 0.02
 Male 280 (57.1) 1573 (52.3) 0.09 211 (54.9) 214 (55.7) 0.02

Tumor location
 Cecum 67 (13.7) 506 (16.9) 0.08 52 (13.5) 57 (14.8) 0.03
 Ascending colon 132 (26.9) 668 (22.3) 0.10 101 (26.3) 87 (22.7) 0.08
 Transverse colon 25 (5.1) 196 (6.5) 0.06 21 (5.4) 22 (5.7) 0.01
 Descending colon 40 (8.2) 261 (8.7) 0.01 30 (7.8) 26 (6.8) 0.04
 Sigmoid colon 223 (45.6) 1356 (45.3) 0.00 178 (46.3) 190 (49.8) 0.0
 Missing < 6 (0) 7 (0.2) – < 6 (0) < 6 (0) –

ASA-score
 ASA 1 118 (24.1) 720 (24.0) 0.00 87 (22.7) 89 (23.2) 0.01
 ASA 2 274 (55.9) 1645 (54.9) 0.01 219 (57.0) 211 (54.9) 0.04
 ASA 3 88 (18.0) 588 (19.6) 0.04 71 (18.5) 81 (21.1) 0.06
 ASA 4 6 (1.2) 19 (0.6) 0.06 < 6 (0) <6 (0) 0.08
 Missing < 6 (0) 22 (0.7) – < 6 (0) <6 (0) –

UICC stage
 UICC 1 81 (16.5) 513 (17.1) 0.02 62 (16.1) 64 (16.7) 0.01
 UICC 2 49 (10.0) 299 (10.0) 0.00 40 (14.1) 37 (9.6) 0.03
 UICC 3 114 (23.3) 646 (21.6) 0.04 94 (24.5) 88 (22.9) 0.04
 Missing 246 (50.2) 1536 (51.3) – 188 (49.0) 195 (50.8) –

Performance status
 0 301 (61.4) 1859 (62.1) 0.01 236 (61.5) 248 (64.6) 0.06
 1 104 (21.2) 601 (20.1) 0.03 78 (20.3) 71 (18.5) 0.05
 2 34 (6.9) 166 (5.5) 0.06 29 (7.6) 20 (5.2) 0.10
 3 8 (1.6) 31 (1.0) 0.05 6 (1.6) < 6 (0) 0.07
 4 < 6 (0) 6 (0.2) – < 6 (0) NR –
 Missing 39 (8.0) 331 (11.1) – 30 (7.8) 42 (10.9) –

Alcohol consumption 
 0 units (week) 96 (19.6) 593 (19.8) 0.00 74 (19.3) 75 (19.5) 0.00
 1–14 units (week) 315 (64.3) 1838 (61.4) 0.06 246 (64.1) 242 (63.0) 0.02
 15–21 units (week) 24 (4.9) 232 (7.7) 0.11 20 (5.2) 33 (8.6) 0.13
 > 21 units (week) 19 (3.9) 162 (5.4) 0.07 16 (4.2) 22 (5.7) 0.07
 Missing 36 (7.3) 169 (5.6) – 28 (7.3) 12 (3.1) –

Charlson comorbidity index
 0 321 (65.5) 1876 (62.7) 0.06 248 (64.6) 243 (63.3) 0.02

  1 99 (20.2) 662 (22.1) 0.05 79 (20.6) 82 (21.4) 0.02
  2 39 (10.2) 266 (8.9) 0.05 32 (8.3) 33 (8.6) 0.01
  3 31 (6.3) 189 (6.3) 0.00 25 (6.5) 26 (6.8) 0.01
  Missing 0 (0) < 6 (0) – 0 (0) 0 (0) –

CRP (mg/L)
 CRP < 80 197 (40.2) 1198 (40.0) 0.00 159 (41.4) 167 (43.5) 0.04
 CRP ≥ 80 293 (59.8) 1796 (60.0) 0.00 225 (58.6) 217 (56.5) 0.04
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LAS = 35.4 months (IQR = 22.8–50.9)}, respectively. The 
mean age of patients included did not differ between the 
two groups {RAS = 70.6 years (standard deviation [SD] 
10.1) and LAS = 70.3 years [SD 10.1]}, Table 1. Most of the 
cohort consisted of patients without significant prior comor-
bidities (American Society of Anesthesiologists [ASA] 1–2, 
World Health Organization [WHO] performance status 0–1, 
and Charlson Comorbidity Index 0–1) (Table 1). The cohort 
consisted predominantly of patients diagnosed in UICC 
stage III and did not differ between the two study groups 
(RAS = 114 [23.3%]; LAS = 646 [21.6%]). However, there 
was a considerable rate of missing data regarding the clinical 
UICC stage (RAS = 246 [50.2%]; LAS = 1536 [51.3%]). A 
higher postoperative CRP concentration (CRP ≥ 80 mg/L) 

was to a greater extent present in both study groups across all 
measurements (RAS = 293 [59.8%]; LAS = 1796 [60.0%]).

Primary outcome—recurrence free survival

Regarding the primary outcomes (recurrence-free sur-
vival), a low postoperative CRP response < 80  mg/L if 
undergoing RAS did not cause a lower risk of recur-
rence (HRunadjusted = 0.78, 95% CI [0.53–1.13], p = 0.184), 
(HRadjusted = 0.50, 95% CI [0.22–1.15], p = 0.102). Accord-
ing to the density plot, the propensity scores were equally 
distributed after PS matching (Fig. 1b). A total of 0.25% 
of covariates were above the threshold of 0.1 following PS 
matching (Fig. 2). A high CRP response ≥ 80 mg/L was not 
associated with an increased risk of recurrence-free survival 
if undergoing RAS (HRunadjusted = 1.09, 95% CI [0.83–1.44], 
p = 0.540; HRadjusted = 1.54, 95% CI [0.84–2.82], p = 0.166; 
Table 2). The 3-year risk of recurrence was 11.3% (50/489) 
in the RAS and 14.8% (386/2993) in the LAS group. 

Secondary outcomes

The 3-year all-cause mortality rate was the following in 
the two groups (RAS = 11.0% [54/489]; LAS = 11.9% 
[356/2993]). The surgically induced stress response 
was not associated with the all-cause mortality rate in 
either the group with the low CRP response < 80 mg/L 
(HRunadjusted = 0.76, 95%  CI [0.46–1.26], p = 0.282; 
HRadjusted = 0.71, 95%  CI [0.26–1.89], p = 0.247) or 
the group with the high CRP response in case of   CRP 
response ≥ 80 mg/L (HRunadjusted = 1.13, 95% CI [0.80–1.60], 
p = 0.491; HRadjusted = 1.63, 95% CI [0.80–3.30], p = 0.176) 
(Table 2).

The 3-year disease-free survival rate was 17.8% in the 
RAS and 20.2% in the LAS group, respectively. The postop-
erative CRP concentration was not associated with a statisti-
cally significant reduction in time-to-recurrence in case of 
either having a low postoperative CRP response < 80 mg/L 

Fig. 2   Scatter plot of covariate balance in patients undergoing RAS 
or LAS for UICC stage I–III colon cancer

Table 2   Survival analysis, 
including a recurrence-free 
survival, b time-to-recurrence, 
and c overall survival in 
patients undergoing RAS 
or LAS for UICC stage I–
III colon cancer.stratified 
according to the postoperative 
C-reactive protein (CRP) 
response (low CRP response 
group = CRPRAS < 80 mg/L 
versus high CRP response 
group = CRPRAS ≥ 80 mg/L)

RAS robot-assisted surgery, LAS laparoscopic surgery, Ref Reference, UICC  Union for International Can-
cer Control

Variable CRPRAS < 80 mg/L, 95 % CI p CRPRAS ≥ 80 mg/L, 95 % CI p

Recurrence-free survival LAS = ref LAS = ref
HRunadjusted = 0.78, [0.53–1.13] 0.184 HRunadjusted = 1.09, [0.83–1.44] 0.540
HRadjusted = 0.50, [0.22–1.15] 0.102 HRadjusted = 1.54, [0.84–2.82] 0.166

Time-to-recurrence LAS = ref LAS = ref
HRunadjusted = 0.64, [0.49–1.06] 0.079 HRunadjusted = 1.05, [0.73–1.51] 0.808
HRadjusted = 0.45, [0.12–1.73] 0.247 HRadjusted = 1.15, [0.49–2.72] 0.743

All-cause mortality LAS = ref LAS = ref
HRunadjusted = 0.76, [0.46–1.26] 0.282 HRunadjusted = 1.13, [0.80–1.60] 0.491
HRadjusted = 0.71, [0.26–1.89] 0.247 HRadjusted = 1.63, [0.80–3.30] 0.176
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(HRunadjusted = 0.64, 95% CI [0.49–1.06], p = 0.079; 
HRadjusted = 0.45, 95% CI [0.12–1.73], p = 0.247) or higher 
inflammatory response in case of CRP response ≥ 80 mg/L 
(HRunadjusted = 1.05, 95% CI [0.73–1.51], p = 0.808; 
HRadjusted = 1.15, 95% CI [0.49–2.72], p = 0.743) (Table 2).

Discussion

This nationwide cohort study examined a possible associa-
tion between the surgically induced trauma expressed by 
the postoperative CRP response and long-term survival 
in patients undergoing RAS or LAS for UICC stage I–III 
colon cancer. No statistically significant differences could 
be detected in either recurrence-free survival, all-cause 
mortality, or time-to-recurrence between the study groups 
depending on level of CRP response in the early postopera-
tive course.

Robot-assisted surgery is a well-established surgical tech-
nique for rectal cancer. However, the evidence for its sys-
temic application for colon cancer is still limited, and LAS 
is still practiced to a greater extent. Registry-based cohort 
studies have been published examining the long-term out-
comes of RAS and LAS for colon cancer [6, 23, 24]. Mirkin 
et al. demonstrated a significantly improved overall survival 
rate in UICC stage II and III colon cancer in favor of RAS. 
To our knowledge, no studies, including larger sample sizes, 
have examined the association between the surgical stress 
response and long-term survival induced by RAS or LAS. A 
retrospective cohort study including 298 patients undergoing 
RAS or LAS for colorectal cancer in a planned setting indi-
cated that LAS was associated with a significantly increased 
CRP response in the early postoperative course [22].

A higher CRP response following surgery is associated 
with an increased risk of cancer recurrence, all-cause mor-
tality, and time-to-recurrence in patients with colorectal can-
cer [25, 26]. A possible explanation is that perioperatively 
induced surgical trauma is directly correlated with the risk 
of residual disease and recurrent cancer caused by either 
local colonization of residual tumor cells or transit into 
lymphatic- or bloodstream-causing micrometastases [27]. 
Few studies reported the significance of a postoperatively 
elevated CRP response as a marker for long-term survival in 
patients undergoing minimally invasive surgery for colorec-
tal cancer. However, more recently published studies found 
a correlation between a high postoperative inflammatory 
response (CRP and interleukin-6) and worsened long-term 
survival in patients undergoing LAS and open surgery for 
UICC stage I–III colorectal cancer [26, 28]. The following 
risk factors were associated with a higher risk of recurrent 
disease: increasing age and BMI, right-sided colon can-
cer, male gender, and extensive surgical time consumption 
[29]. Despite the study not demonstrating any statistically 

significant association between long-term survival and the 
postoperative CRP response depending on the choice of 
surgical method, there was a certain association, as a lower 
CRP response < 80 mg/L had a protective effect on long-
term survival. The lack of demonstrating this association 
could possibly be owing to underpowering, as the study did 
not include a high number of robot-assisted cases. Recent 
studies have shown a clear association between a higher 
postoperative CRP response and poorer overall and colo-
rectal-specific survival [11, 30]. A longer inclusion period 
with a higher proportion of robot-assisted cases would clar-
ify whether there is a statistically significant association 
between surgically induced trauma and long-term survival. 
Nonetheless, the existing results can be used as an indica-
tor that the use of RAS is associated with reduced surgical 
trauma in the early postoperative phase, which may improve 
recurrence-free survival. Clinically, these results could facil-
itate more personalized medicine during the perioperative 
period by identifying patients at higher risk through regular 
monitoring of inflammatory markers, such as CRP. These 
markers may be targeted for suppression using immunomod-
ulatory agents. Furthermore, the inflammatory response, as 
indicated by these selected markers, can be utilized to moni-
tor patients in the postoperative phase receiving immuno-
therapy, enabling individual and tailored treatment.

The main limitations of the present study primarily relate 
to unmeasured confounding due to non-balancing of poten-
tial covariates in the propensity score matched model. There 
may exist a systematic selection of patients with higher BMI 
(≥ 30 kg/m2) in case of higher UICC stage (UICC ≥ II) and 
with a worse performance status (≥ 1) in the RAS group. 
This selection could result in a higher postoperative compli-
cation rate and impaired long-term survival [31, 32]. Owing 
to a high proportion of missing data regarding the UICC 
stage in the two surgical modalities, it is possible that this 
contributes to a higher degree of confounding, which can 
cause bias in the point estimates. However, the distribution 
of missing data is random/equally distributed between the 
groups, so the degree of selection bias is limited. As the 
Lash algorithm of cancer recurrence excludes patients hav-
ing recurrent disease within 180 days after primary surgery, 
the generalizability of the results can be discussed since the 
time-at-risk does not represent the entire inclusion period. 
Moreover, the study is predominantly limited by under-
powering owing to a presumed lack of robot-assisted cases, 
which, in comparison with laparoscopic procedures, has 
been practiced to a lesser extent. Given the lack of previ-
ous studies examining the association between RAS versus 
LAS, the inflammatory stress response (as indicated by CRP 
levels), and long-term survival in patients who underwent 
colon cancer surgery, an arbitrary CRP cutoff point was 
established for this analysis. This approach is supported by 
a retrospective study [22] that previously investigated the 
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impact of RAS versus LAS on colorectal cancer surgery 
outcomes. To ensure the robustness and reliability of our 
findings, additional sensitivity analyses were conducted to 
assess any potential effect modification of the CRP response 
on long-term survival. However, the strengths of this study 
can be attributed to the national Danish registries with a high 
completeness rate; likewise, a uniform public health system 
minimizes the risk of patient selection by minimizing the 
impact of socioeconomic factors. Furthermore, data-driven 
large-scale propensity matching, as applied in our study, can 
minimize the degree of confounding by including a high 
amount of covariates in the propensity score model [33]. 
Merging data from public health registries in combination 
with the clinical colorectal database (DCCG) ensures a more 
detailed cohort description [13].

In conclusion, the degree of postoperative CRP response 
was not associated with improved long-term survival out-
comes in patients undergoing RAS or LAS for UICC stage 
I–III colon cancer.

Author contributions  Conceptualization—Pedja Cuk, Andreas Wein-
berger Rosen, Maliha Mashkoor, Mark Bremholm Ellebaek, and Ismail 
Gögenur; methodology—Pedja Cuk, Andreas Weinberger Rosen, 
Maliha Mashkoor, Mark Bremholm Ellebaek, and Ismail Gögenur; 
formal analysis and investigation—Pedja Cuk, Andreas Weinberger 
Rosen, and Maliha Mashkoor; writing—original draft preparation—
Pedja Cuk; writing—review and editing—Pedja Cuk, Andreas Wein-
berger Rosen, Maliha Mashkoor, Mark Bremholm Ellebaek, and Ismail 
Gögenur. All authors reviewed the results and approved the final ver-
sion of the manuscript.

Funding  Open access funding provided by Odense University Hospi-
tal. The authors did not receive support from any organization for the 
submitted work.

Data availability  No datasets were generated or analyzed during the 
current study.

Declarations 

Conflicts of interest  The authors declare no competing interests.

Ethical and Informed consent  The study was registered under Region 
Zealand (file no. REG-102-2020). According to Danish legislation, 
informed consent was not needed to perform this register-based obser-
vational study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 DCCG. Landsdækkende database for kræft i tyk- og endetarm 
2020 

	 2.	 Lanfranco AR, Castellanos AE, Desai JP, Meyers WC (2004) 
Robotic surgery: a current perspective. Ann Surg 239(1):14–21

	 3.	 Cuk P, Tiskus M, Moller S, Lambertsen KL, Backer Mogensen 
C, Festersen Nielsen M et al (2024) Surgical stress response in 
robot-assisted versus laparoscopic surgery for colon cancer (SIRI-
RALS): randomized clinical trial. Br J Surg. https://​doi.​org/​10.​
1093/​bjs/​znae0​49

	 4.	 Rausa E, Kelly ME, Asti E, Aiolfi A, Bonitta G, Bonavina L 
(2019) Right hemicolectomy: a network meta-analysis compar-
ing open, laparoscopic-assisted, total laparoscopic, and robotic 
approach. Surg Endosc 33(4):1020–1032

	 5.	 Waters PS, Cheung FP, Peacock O, Heriot AG, Warrier SK, 
O’Riordain DS et al (2020) Successful patient-oriented surgical 
outcomes in robotic vs laparoscopic right hemicolectomy for can-
cer- A systematic review. Colorectal Dis 22(5):488–499

	 6.	 Cuk P, Kaalby L, Deding U, Al-Najami I, Ellebaek MB (2024) 
Long-term outcomes of robot-assisted versus laparoscopic surgery 
for colon cancer: a nationwide register-based cohort study. Ann 
Surg 279(3):456–461

	 7.	 Onuma AE, Zhang H, Gil L, Huang H, Tsung A (2020) Surgi-
cal stress promotes tumor progression: a focus on the impact of 
the immune response. J Clin Med. https://​doi.​org/​10.​3390/​jcm91​
24096

	 8.	 Chen Z, Zhang P, Xu Y, Yan J, Liu Z, Lau WB et al (2019) Surgi-
cal stress and cancer progression: the twisted tango. Mol Cancer 
18(1):132

	 9.	 Haram A, Boland MR, Kelly ME, Bolger JC, Waldron RM, Kerin 
MJ (2017) The prognostic value of neutrophil-to-lymphocyte 
ratio in colorectal cancer: a systematic review. J Surg Oncol 
115(4):470–479

	10.	 Lu X, Guo W, Xu W, Zhang X, Shi Z, Zheng L et al (2019) Prog-
nostic value of the Glasgow prognostic score in colorectal cancer: 
a meta-analysis of 9,839 patients. Cancer Manag Res 11:229–249

	11.	 Gwenzi T, Zhu A, Schrotz-King P, Schottker B, Hoffmeister 
M, Edelmann D et al (2023) Prognostic value of post-operative 
c-reactive protein-based inflammatory biomarkers in colorectal 
cancer patients: systematic review and meta-analysis. Clin Epi-
demiol 15:795–809

	12.	 Vandenbroucke JP, von Elm E, Altman DG, Gotzsche PC, Mul-
row CD, Pocock SJ et al (2014) Strengthening the reporting of 
observational studies in epidemiology (STROBE): explanation 
and elaboration. Int J Surg 12(12):1500–1524

	13.	 Ingeholm P, Gogenur I, Iversen LH (2016) Danish Colorectal 
Cancer Group Database. Clin Epidemiol 8:465–468

	14.	 Schmidt M, Schmidt SA, Sandegaard JL, Ehrenstein V, Pedersen 
L, Sorensen HT (2015) The Danish National Patient Registry: a 
review of content, data quality, and research potential. Clin Epi-
demiol 7:449–490

	15.	 Gjerstorff ML (2011) The Danish Cancer Registry. Scand J Public 
Health 39(7 Suppl):42–45

	16.	 Lash TL, Riis AH, Ostenfeld EB, Erichsen R, Vyberg M, Thor-
lacius-Ussing O (2015) A validated algorithm to ascertain colo-
rectal cancer recurrence using registry resources in Denmark. Int 
J Cancer 136(9):2210–2215

	17.	 Hripcsak G, Duke JD, Shah NH, Reich CG, Huser V, Schuemie 
MJ et al (2015) Observational health data sciences and informatics 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1093/bjs/znae049
https://doi.org/10.1093/bjs/znae049
https://doi.org/10.3390/jcm9124096
https://doi.org/10.3390/jcm9124096


	 Techniques in Coloproctology          (2025) 29:115   115   Page 8 of 8

(OHDSI): opportunities for observational researchers. Stud Health 
Technol Inform 216:574–578

	18.	 OHDSI. The Book of OHDSI: Observational Health Data Sci-
ences and Informatics: OHDSI; 2019.

	19.	 Suchard MA, Simpson SE, Zorych I, Ryan P, Madigan D (2013) 
Massive parallelization of serial inference algorithms for a com-
plex generalized linear model. ACM Trans Model Comput Simul. 
https://​doi.​org/​10.​1145/​24144​16.​24147​91

	20.	 Austin PC (2011) Optimal caliper widths for propensity-score 
matching when estimating differences in means and differences 
in proportions in observational studies. Pharm Stat 10(2):150–161

	21.	 Austin PC (2011) An introduction to propensity score methods 
for reducing the effects of confounding in observational studies. 
Multivar Behav Res 46(3):399–424

	22.	 Cuk P, Simonsen RM, Komljen M, Nielsen MF, Helligso P, 
Pedersen AK et al (2021) Improved perioperative outcomes and 
reduced inflammatory stress response in malignant robot-assisted 
colorectal resections: a retrospective cohort study of 298 patients. 
World J Surg Oncol 19(1):155

	23.	 Mirkin KA, Kulaylat AS, Hollenbeak CS, Messaris E (2018) 
Robotic versus laparoscopic colectomy for stage I–III colon can-
cer: oncologic and long-term survival outcomes. Surg Endosc 
32(6):2894–2901

	24.	 Pinar I, Fransgaard T, Thygesen LC, Gogenur I (2018) Long-term 
outcomes of robot-assisted surgery in patients with colorectal can-
cer. Ann Surg Oncol 25(13):3906–3912

	25.	 Nakamura Y, Yamaura T, Kinjo Y, Kawase M, Kanto S, Kuroda 
N (2022) Impact of severe postoperative inflammatory response 
on recurrence after curative resection of colorectal cancer. Int J 
Colorectal Dis 37(11):2375–2386

	26.	 Shibutani M, En W, Okazaki Y, Maeda K, Hirakawa K, Ohira M 
(2021) A high postoperative serum c-reactive protein level has a 
negative impact on long-term survival, regardless of postoperative 
infectious complications, in patients who undergo laparoscopic 
surgery for colorectal cancer. Anticancer Res 41(3):1593–1598

	27.	 Cohen R, Platell CF, McCoy MJ, Meehan K, Fuller K (2023) 
Circulating tumour DNA in colorectal cancer management. Br J 
Surg 110(7):773–783

	28.	 Feng S, Li Z, Liu M, Ye Q, Xue T, Yan B (2023) Postoperative 
serum interleukin-6 levels correlate with survival in stage I–III 
colorectal cancer. BMC Gastroenterol 23(1):156

	29.	 Matsubara D, Arita T, Nakanishi M, Kuriu Y, Murayama Y, 
Kudou M et al (2020) The impact of postoperative inflammation 
on recurrence in patients with colorectal cancer. Int J Clin Oncol 
25(4):602–613

	30.	 Gwenzi T, Schrotz-King P, Anker SC, Schottker B, Hoffmeister 
M, Brenner H (2024) Post-operative C-reactive protein as a strong 
independent predictor of long-term colorectal cancer outcomes: 
consistent findings from two large patient cohorts. ESMO Open 
9(4):102982

	31.	 Simillis C, Taylor B, Ahmad A, Lal N, Afxentiou T, Powar MP 
et al (2022) A systematic review and meta-analysis assessing the 
impact of body mass index on long-term survival outcomes after 
surgery for colorectal cancer. Eur J Cancer 172:237–251

	32.	 Bojesen RD, Degett TH, Dalton SO, Gogenur I (2021) High world 
heath organization performance status is associated with short- 
and long-term outcomes after colorectal cancer surgery: a nation-
wide population-based study. Dis Colon Rectum 64(7):851–860

	33.	 Zhang L, Wang Y, Schuemie MJ, Blei DM, Hripcsak G (2022) 
Adjusting for indirectly measured confounding using large-scale 
propensity score. J Biomed Inform 134:104204

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1145/2414416.2414791

	Surgical stress response and long-term survival in robot-assisted versus laparoscopic surgery for colon cancer: a propensity matched nationwide cohort study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Study design, setting, and participants
	Data sources
	Outcomes
	Statistics

	Results
	Primary outcome—recurrence free survival
	Secondary outcomes

	Discussion
	References


