
Vol.:(0123456789)

International Journal of Colorectal Disease (2024) 39:179 
https://doi.org/10.1007/s00384-024-04730-8

RESEARCH

Effect of postoperative complications on 5‑year survival 
following laparoscopic surgery for resectable colorectal cancer: 
a retrospective study

Jae Eun Lee1 · Kyeong Eui Kim2 · Woon Kyung Jeong2 · Seong Kyu Baek2 · Sung Uk Bae2

Accepted: 1 October 2024 / Published online: 7 November 2024 
© The Author(s) 2024

Abstract
Purpose  The purpose of this study was to investigate the effects of postoperative complications on long-term survival after 
laparoscopic surgery for resectable colorectal cancer.
Methods  We retrospectively included 204 patients who underwent laparoscopic surgery for colorectal cancer from January 
2016 to June 2020.
Results  Overall, 68 (33.3%) patients had postoperative complications, twelve (17.6%) of which were classified as Clavien–
Dindo class 3a or higher. The 5-year overall survival rate of the non-complication and complication groups were 93.0% and 
81.7%, respectively (p = 0.048; Kaplan–Meier analysis and log-rank test), and those among patients with stage III disease 
were 87.0% and 61.3%, respectively (p = 0.045). The 5-year disease-free survival rates were 85.6% and 77.4%, respectively 
(p = 0.042). Multivariable Cox proportional-hazards analysis revealed that nodal stage (hazard ratio, 8.392; 95% confidence 
interval, 1.892–37.175; p = 0.005) was an independent prognostic factor for overall survival, and postoperative complications 
(hazard ratio, 2.996; 95% confidence interval, 1.076–8.340; p = 0.036) were independent prognostic factors for disease-free 
survival.
Conclusion  Postoperative complications were associated with poor oncological outcomes, especially among patients with 
stage III colorectal cancer, and independent prognostic factors for disease-free survival.
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Introduction

Colorectal cancer (CRC) is one of the most prevalent can-
cers and the second leading cause of cancer-related death 
worldwide [1]. Although numerous therapies for CRC are 
available, surgical resection remains the primary treatment. 
Despite improvements in surgical techniques over time, 
postoperative complications continue to be prevalent and 
pose a substantial challenge for surgeons. The postoperative 
complication rate following colorectal cancer is 18 to 38% 

[2–5]. Complications following surgery not only reduce a 
patient’s quality of life but may lengthen the hospital stay, 
increase hospital expenses, necessitate additional surgical 
intervention [6], and delay the administration of adjuvant 
chemotherapy for CRC [7].

Recently, laparoscopic surgery has gained popularity for 
CRC. Laparoscopic surgery outperforms open surgery in 
terms of the length of hospital stay, rate of surgical compli-
cations, time to recovery of bowel function, and immuno-
logical effects [8–11]. Some studies have suggested that lap-
aroscopic surgery has a positive immunological influence, 
resulting in superior oncological outcomes to open surgery 
[9, 12]. The immunological response to cancer after sur-
gery is negatively associated with the viability of undetected 
tumors and disease recurrence [13]. Although the causes are 
clearly multifactorial, the postoperative immune response is 
primarily characterized by immune suppression [14].

The effect of postoperative complications on long-term 
oncological outcomes has garnered considerable research 
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interest. In the majority of studies, complications were 
associated with poor oncological outcomes [15, 16]. More-
over, studies on the effect of postoperative complications 
on oncological outcomes, including metastatic disease, in 
patients undergoing laparoscopic surgery for resectable CRC 
are scarce. The purpose of this study was to investigate the 
effects of postoperative complications on long-term survival 
after laparoscopic surgery for resectable CRC.

Materials and methods

Ethical considerations

This study was approved by the Institutional Review Board 
of the Dongsan Medical Center (Daegu, Republic of Korea; 
IRB no.: 2022‑12‑026–001). Data collection and analysis 
were conducted in an ethical way, protecting the patients’ 
rights to privacy. Owing to the retrospective nature of this 
study, the need for informed consent was waived by the 
Institutional Review Board.

Study design and setting

We screened a prospectively maintained database for par-
ticipants’ demographic characteristics and retrospectively 
obtained data on perioperative outcomes and postoperative 
complications from their electronical medical records.

Participants

From January 2016 to June 2020, 210 patients underwent 
surgery for resectable CRC at our institution. Resectable 
stage IV cancer defined as cases where metastasis has 
occurred, and surgery could be performed based on the 
judgment that it is possible to resect a single lung lesion, 
a single liver lesion, or lesions located in single segment 
or section. Adjuvant chemotherapy was done for patients 
who were diagnosed pathologic stage III or IV and stage 
II with poor prognostic features including poorly differen-
tiated histology, lymphatic/vascular invasion, perineural 
invasion, bowel obstruction, localized perforation, close, 
indeterminate, positive margins, high tumor budding, or less 
than 12 lymph nodes harvest. The exclusion criteria were 
having (1) concurrent or prior malignancies, (2) malignan-
cies other than adenocarcinoma, (3) familial adenomatous 
polyposis or hereditary non-polyposis CRC, and (4) patients 
who underwent (Fig. 1). The patients were divided into a 
group of 68 with complications and a group of 136 without 
complications.

Definitions of variables

Information on patient demographics that we analyzed 
were age, sex, hypertension, diabetes mellitus, preopera-
tive carcinoembryonic antigen (CEA) concentration, pre-
operative C-reactive protein (CRP) concentration, Ameri-
can Society of Anesthesiology physical status class, and 
tumor location. Pathological outcomes analyzed were 

Fig. 1   Flow chart of patient selection according to exclusion criteria. CRC, colorectal cancer
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tumor, node, and metastasis stage, histological features, 
the numbers of harvested and positive lymph nodes, tumor 
size, lymphovascular invasion, and perineural invasion. 
The tumor stage was identified using the American Joint 
Committee on Cancer categorization method, 8th edi-
tion. Over a period of 3 years following the surgical inter-
vention, a combination of serum CEA concentrations, 
chest radiographic images (conducted every 3 months), 
and chest/abdominal computed tomographic scans (per-
formed every 6 months) were used to assess the patients’ 
postoperative clinical status. The follow-up interval was 
extended to 6 months after 3 years. Overall survival (OS) 
was defined as the duration between the surgical procedure 
and either the most recent follow-up appointment or death 
from any cause. Disease-free survival (DFS) defined as 
the duration from surgery to the first confirmed recurrence 
event or death due to disease progression. Local recur-
rence was defined as any tumor recurrence in the surgical 
field. Systemic recurrences included local and synchro-
nous systemic recurrences.

Postoperative complications were defined as complica-
tions that occurred within 30 days of the primary surgery. 
Postoperative ileus defined as prolonged absence of gut 
function which manifests as persistent nausea and/or vom-
iting with abdominal distention and failure to pass flatus. 
Dysuria defined as patient who were failed to void after 
removal of Foley catheter. Cardiac complications includ-
ing acute myocardial infarction and respiratory complica-
tions included atelectasis, pneumonia, and pleural effusion. 
For patients with multiple complications, the most serious 
complication was selected as the representative complica-
tion. The most serious complication referred to the compli-
cation that had the greatest impact on the patient’s treatment 
plan and length of stay. All complications were classified 
according to the Clavien–Dindo (CD) classification, which 
is widely used to grade adverse events that occur as a result 
of surgical procedures [17].

Preoperative evaluation and surgical treatment

Prior to the surgical intervention, all patients underwent a 
preoperative assessment, which consisted of colonoscopy, 
computed tomography of the chest and abdomen, and 
magnetic resonance imaging of the pelvis. In some cases, 
positron emission tomography was performed to detect dis-
tant metastases. Our surgical approach for CRC treatment 
adhered to the fundamental principles of complete meso-
colic or mesorectal excision and central vessel ligation. The 
primary tumor was surgically removed via precise dissection 
of the visceral plane, starting from the parietal fascial layer, 
with the objective of extracting the entire regional mesoco-
lon in one complete unit.

Statistical analysis

IBM SPSS Statistics for Windows, version 28.0.1.1, was 
used to conduct all statistical analyses (IBM Corp., Armonk, 
NY, USA). For continuous variables, data are reported as 
means ± standard deviations, and categorical variables are 
reported as frequencies with percentages. The Fisher exact 
test and the chi-square test were used to assess categori-
cal variables. Mann–Whitney U and independent Student’s 
t-tests were used to evaluate continuous variables. Statistical 
significance was set at p < 0.05. Using the log-rank test for 
univariate analysis, the Kaplan–Meier method was used to 
construct OS and DFS curves. Variables with differences 
of p < 0.1 between groups in the univariate analysis were 
added into the multivariable analysis model to evaluate fac-
tors predictive of survival. For multivariable analysis, a Cox 
proportional-hazards model was used. Individual variables’ 
effects on patient survival were reported as hazard ratios 
(HRs) with 95% confidence intervals (CIs).

Results

Patient characteristics

Among all 204 patients, 68 (33.3%) had one or more post-
operative complications. Patient demographic characteris-
tics and most clinical characteristics did not significantly 
differ between the two groups (Table 1). The number of 
days between surgery and adjuvant treatment was longer for 
patients with complications than for those without complica-
tions (48.93 ± 23.06 vs. 33.32 ± 10.37 days, p = 0.002).

Postoperative complications

The incidence of postoperative complications and the CD 
classification is summarized in Table 2. The most com-
mon complication was ileus, which occurred in 15 patients 
(7.4%). Twelve of the 68 patients (17.6%) with complica-
tions were classified as CD class 3a or higher.

Postoperative pathological outcomes

Table 3 summarizes the postoperative pathological out-
comes. The groups did not significantly differ in terms of 
tumor and nodal stages, histological features, number of 
retrieved lymph nodes, number of positive lymph nodes, 
lymphovascular invasion, or perineural invasion. The com-
plication group had larger tumors than the no-complication 
group (4.06 cm vs. 3.44 cm, p = 0.047).
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Oncological outcomes

The median follow-up period was similar in the two groups 
at approximately 38.1 months (Table 4). Overall, the group 
without complications had better 5-year OS (93.0% vs. 
81.3%, p = 0.048) and DFS (85.6% vs. 77.4%, p = 0.042) 
rates. Subgroup analysis revealed that the no-complica-
tions group had a superior OS rate among patients with 
stage III disease (87.0% vs. 61.3%, p = 0.045) than the 
group with complications, whereas none of the other 
subgroups significantly differed in terms of OS or DFS 
(Fig. 2).

The two groups did not differ in terms of the recurrence 
pattern (p = 0.113). The group without complications had 
seven cases of systemic recurrence, whereas the group 
with complications had six. In the group with no compli-
cations, two patients exhibited liver recurrence, four had 
lung recurrence, and one had liver and prostate metastases. 
In the complications group, one patient had liver recur-
rence, two had lung recurrence, and three had lymph node 
recurrence. One case of local recurrence occurred in the 
group without complications, whereas three occurred in 
the group with complications.

Table 1   Patients and tumor 
characteristics

Values are presented as mean ± standard deviation or frequency (%). Statistical significance was set at 
p < 0.05
ASA American Society of Anesthesiologists, CEA carcinoembryonic antigen, CRP C-reactive protein, NLR 
neutrophil–lymphocyte ratio, PIV pan-immune inflammation value, PLR platelet-lymphocyte ratio

Complications ( −) 
(n = 136)

Complications ( +) 
(n = 68)

p-value

Age (years) 65.32 ± 10.237 67.22 ± 9.455 0.202
Sex 0.088

  Male 88 (64.7%) 52 (76.5%)
  Female 48 (35.3%) 16 (23.5%)
  Hypertension 55 (40.4%) 34 (50.0%) 0.194
  Diabetes mellitus 28 (20.6%) 15 (22.1%) 0.808
  Preoperative CEA (ng/mL) 4.22 ± 7.07 9.69 ± 29.47 0.139
  Preoperative CRP (mg/L) 0.50 ± 1.11 0.78 ± 1.56 0.210

ASA physical status class 0.086
  I 42 (30.9%) 17 (25.0%)
  II 81 (59.6%) 37 (54.4%)
  III 13 (9.6%) 14 (20.6%)

Location of tumor 0.562
  Right 31 (22.8%) 18 (26.5%)
  Left 105 (77.2%) 50 (73.5%)
  Time to adjuvant treatment (days) 33.32 ± 10.37 48.93 ± 23.06 0.002
  PLR 64 (47.4%) 38 (55.9%) 0.254
  NLR 65 (48.1%) 39 (57.4%) 0.216
  Perineural invasion 68 (50.4%) 34 (50.0%) 0.960
  PIV 61 (45.2%) 41 (60.3%) 0.042
  Albumin 76 (55.9%) 38 (55.9%)  > 0.99

Table 2   Postoperative complications

Values are presented as mean ± standard deviation or frequency (%)
PMC pseudomembranous colitis

Variable Frequency (%)

Complication
  Ileus 15 (7.4%)
  Anastomosis leakage 11 (5.4%)
  Dysuria 10 (4.9%)
  Chyle leakage 8 (3.9%)
  Bleeding (hematochezia) 8 (3.9%)
  Surgical site infection 7 (3.4%)
  Cardiac complication 2 (1.0%)
  PMC 2 (1.0%)
  Respiratory complication 2 (1.0%)
  Intra-abdominal abscess 2 (1.0%)
  Colitis 1 (0.5%)

Clavien–Dindo class
  0 0
  1 24 (11.8%)
  2 32 (15.7%)
  3a 2 (1.0%)
  3b 8 (3.9%)
  4 2 (1.0%)
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Univariate and multivariable survival analyses 
of prognostic factors

Upon univariate analysis, complications, sex, preoperative 
CRP concentration, N stage, and M stage yielded p-val-
ues < 0.1 for 5-year OS. Complications, sex, preoperative 
CEA concentration, and T, N, and M stage yielded p-val-
ues < 0.1 for 5-year DFS (Table 5). Multivariable analysis 
revealed that N stage was an independent prognostic factor 
for 5-year OS (HR, 8.392; 95% CI, 1.892–37.175; p = 0.005). 
Complications was independent prognostic factors for 5-year 
DFS (HR, 2.996; 95% CI, 1.076–8.340; p = 0.036) (Table 6).

Discussion

This study demonstrated that postoperative complications 
were associated with poor long-term oncological outcomes, 
particularly in patients with stage III disease. The interval 
between operation and postoperative adjuvant treatment 
was longer for patients with complications than for those 
without complications. Postoperative complications were 

independent prognostic factors for 5-year DFS in patients 
who underwent laparoscopic surgery for resectable CRC.

The prognostic importance of postoperative complica-
tions in CRC has previously been investigated [15, 18]. 
Cienfuegos et al. [19] reported that patients with major 
complications had a significantly lower OS than those with 
no complications at both 5 and 10 years after resection. Liu 
et al. [18] analyzed 4599 patients with CRC and demon-
strated that complications after CRC surgery affected sur-
vival. Fransgaard et al. [20] included patients undergoing 
surgery for CRC and receiving adjuvant chemotherapy and 
discovered no correlation between postoperative complica-
tions and DFS, recurrence-free survival, or overall mortal-
ity. In the present study, the complication group had signifi-
cantly lower 5-year OS and DFS than the non-complication 
group, and postoperative complications were independent 
prognostic factors for DFS after laparoscopic surgery for 
resectable CRC, corroborating the results of numerous ear-
lier studies.

Adjuvant chemotherapy is associated with improved sur-
vival of patients with stage III CRC, a node-positive dis-
ease [10, 21, 22]. In the subgroup analyses in our study, the 
5-year OS rate of the complication group was significantly 
lower only among patients with stage III disease, and the 
number of days between surgery and adjuvant therapy was 

Table 3   Postoperative pathological outcomes

Categorical variables were analyzed using the chi-square and Fish-
er’s exact tests. Continuous variables were analyzed using the inde-
pendent t-test and Mann–Whitney U test. Values are presented as 
mean ± standard deviation or frequency (%). Statistical significance 
was set at p < 0.05
LN lymph node

Complications 
( −) (n = 136)

Complica-
tions ( +) 
(n = 68)

p-value

Tumor stage 0.319
Tis–T2 64 (47.1%) 27 (39.7%)
T3–4 72 (52.9%) 41 (60.3%)
Nodal stage 0.406
N0 86 (63.2%) 47 (69.1%)
N1–2 50 (36.8%) 21 (30.9%)
Metastasis 0.074
M0 133 (97.8%) 63 (92.6%)
M1 3 (2.2%) 5 (7.4%)
Histology (n = 134/67) 0.345
Well differentiated 10 (7.5%) 3 (4.5%)
Moderately differentiated 118 (88.1%) 58 (86.6%)
Poorly differentiated 6 (4.5%) 6 (9.0%)
Retrieved LNs 17.94 ± 9.204 20.12 ± 9.286 0.114
Retrieved LNs > 12 113 (83.1%) 63 (92.6%) 0.061
Positive LNs 1.05 ± 2.165 0.81 ± 1.814 0.428
Tumor size (cm) 3.44 ± 2.07 4.06 ± 2.19 0.047
Lymphovascular invasion 32 (24.2%) 22 (32.4%) 0.221
Perineural invasion 24 (18.9%) 17 (25.4%) 0.294

Table 4   Oncological outcomes

The Kaplan–Meier method with the log-rank test was used for sur-
vival analysis. Categorical variables were analyzed using the chi-
square and Fisher’s exact tests. Continuous variables were analyzed 
using the independent t-test and Mann–Whitney U test. Values are 
presented as mean ± standard deviation or frequency (%). Statistical 
significance was set at p < 0.05
DFS disease-free survival, OS overall survival

Complications 
( −) (n = 136)

Complications 
( +) (n = 68)

p-value

Median follow-up 
(months)

38.10 ± 17.387 38.16 ± 17.318 0.980

5-yr OS (%) 93.0 81.7 0.048
Stage 1 96.1 89.0 0.568
Stage 2 94.7 100 0.447
Stage 3 87.0 61.3 0.045
Stage 4 80.0 60.0 0.246
5-yr DFS (%) 85.6 77.4 0.042
Stage 1 94.1 91.7 0.778
Stage 2 86.8 89.9 0.590
Stage 3 75.6 55.1 0.062
Stage 4 66.7 40.0 0.271
Recurrence 8 (5.9%) 9 (13.2%) 0.204
Recurrence pattern 0.113
Systemic recurrence 7 (5.1%) 6 (8.8%) 0.311
Local recurrence 1 (0.7%) 3 (4.4%) 0.074
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Fig. 2   Kaplan–Meier survival curves for the cumulative risk of recurrence
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significantly longer for patients with complications than 
it was for those without complications. Despite the small 
number of patients with stage III disease in this study, we 
think that the difference in OS between patients with com-
plications and those without complications among patients 
with stage III disease is due to delayed adjuvant treatment 
owing to complications rather than to the complications 
themselves. Fransgaard et al. [20] also reported that postop-
erative complications were not associated with the long-term 
prognosis after adjusting for the time to adjuvant chemo-
therapy. However, additional research on the relationships 

among postoperative complications, delayed adjuvant chem-
otherapy, and oncological outcomes is required, specifically 
among patients with stage III disease.

In the present study, multivariable analysis revealed that 
N stage was an independent prognostic factor for 5-year 
OS (HR, 8.392; 95% CI, 1.892–37.175; p = 0.005), and 
postoperative complications were independent prognostic 
factors for 5-year DFS (HR, 2.996; 95% CI, 1.076–8.340; 
p = 0.036). Considering these results, postoperative com-
plications are thought to have a more significant impact 
on recurrence as well as overall survival. It is believed 

Table 5   Prognostic factors 
of 5-year survival (univariate 
analysis)

The Kaplan–Meier method with the log-rank test was used for univariate analysis. Statistical significance 
was set at p < 0.05
ASA American Society of Anesthesiologists, CEA carcinoembryonic antigen, CRP C-reactive protein, DFS 
disease-free survival, LN Lymph node, op operation, OS overall survival, PIV pan-immune inflammation 
value

Prognostic factor N 5-year OS, % p-value 5-year DFS, % p-value

Complications 0.048 0.042
No 136 93.0 85.6
Yes 68 81.7 77.4
Age (years) 0.689 0.917
 ≤ 65 89 90.2 84.7
 > 65 115 87.8 82.1
Sex 0.060 0.016
Male 140 85.5 79.5
Female 64 96.9 92.0
Pre-op CEA (ng/mL) (n = 201) 0.126 0.058
 < 5 159 91.1 85.9
 ≥ 5 42 82.2 76.7
Pre-op CRP (mg/L) (n = 154) 0.043 0.623
 < 0.3 99 90.0 86.6
 ≥ 0.3 55 80.3 83.7
ASA score 0.440 0.807
1 59 94.9 81.9
2 118 85.6 85.8
3 27 91.5 75.1
Sidedness 0.431 0.687
Right-sided 49 84.2 79.4
Left-sided 155 90.6 84.7
T stage 0.119 0.037
Tis–T2 91 92.8 92.0
T3–4 113 85.6 76.0
N stage  < 0.001 0.001
N0 133 94.5 90.4
N1–2 71 79.0 69.5
M stage 0.086 0.001
M0 196 89.5 85.0
M1 8 75.0 46.9
Tumor size (cm) (n = 201) 0.139 0.178
 < 3.4 100 91.4 89.5
 ≥ 3.4 101 85.9 77.1
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that reducing surgical and medical postoperative compli-
cations through advancements in surgical techniques, pre-
habilitation based on nutritional risk, and improvements 
in intraoperative and postoperative management may lead 
to improved oncologic outcomes.

The oncological outcomes of colorectal cancer (CRC) 
are significantly influenced by the immune status of a 
patient [9, 23–26]. The enhanced preservation of immune 
function with laparoscopic surgery is believed to contrib-
ute to superior long-term outcomes, including a reduced 
likelihood of cancer recurrence and metastasis [9, 27]. 
However, there has been little research on whether post-
operative complications affect survival in colorectal cancer 
patients who underwent laparoscopic surgery. Park et al. 
investigated the influence of postoperative complications 
on the long-term oncologic prognosis following laparo-
scopic low anterior resection for rectal cancer [28]. They 
reported that complication group exhibited a higher rate of 
local recurrence compared to the non-complication group. 
Sugamata et al. [29] retrospectively examined patients who 
underwent laparoscopic elective resection with negative 
resection margins for stage I–III colorectal cancer. They 
reported that the occurrence of surgical site infection, 
including anastomotic leak and pathological stage, was 
an independent co-factor for relapse-free survival. In the 
current study, we concluded that postoperative compli-
cations affect long-term oncologic outcomes in patients 
undergoing laparoscopic surgery for colorectal cancer 
based on our data.

This study had several limitations. First, it was a sin-
gle-center, retrospective study with small sample size. 
Second, in the study, the median follow-up period was 
38.1 months. Therefore, this could be a limitation of the 
study. At last, the effects of long-term complications 
(> 1 month after surgery) on oncological outcomes were 
not analyzed as the relevant data had not been captured. 
Therefore, a prospective study involving a larger number 
of patients is warranted.

Conclusion

Following laparoscopic surgery for resectable CRC in this 
study, postoperative complications were associated with 
poor oncological outcomes, particularly in patients with 
stage III disease, and were independent prognostic factors 
for 5-year DFS.
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