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Purpose: The impact of postoperative complications on long-term oncologic outcome after radical colorectal cancer sur-
gery is controversial. The aim of this study was to examine the risk factors and oncologic outcomes of surgery-related 
postoperative complication groups.
Methods: From January 2010 to December 2010, 310 patients experienced surgery-related postoperative complications 
after radical colorectal cancer surgery. These stage I–III patients were classified into 2 subgroups, minor (grades I, II) and 
major (grades III, IV) complication groups, according to extended Clavien-Dindo classification system criteria. Clinico-
pathologic differences between the 2 groups were analyzed to identify risk factors for major complications. The disease-
free survival rates of surgery-related postoperative complication groups were also compared.
Results: Minor and major complication groups were stratified with 194 patients (62.6%) and 116 patients (37.4%), respec-
tively. The risk factors influencing the major complication group were pathologic N category and operative method. The 
prognostic factors associated with disease-free survival were preoperative perforation, perineural invasion, tumor bud-
ding, and receiving neoadjuvant therapy. With a median follow-up period of 72.2 months, the 5-year disease-free survival 
rates were 84.4% in the minor group and 78.5% in the major group, but there was no statistical significance between the 
minor and major groups (P = 0.392).
Conclusion: Advanced cancer and open surgery were identified as risk factors for increased surgery-related major compli-
cations after radical colorectal cancer surgery. However, severity of postoperative complications did not affect disease-free 
survival from colorectal cancer.
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INTRODUCTION

Colorectal cancer is the third most commonly occurring cancer 
in males and the second most commonly occurring cancer in fe-
males. Over 1.8 million new cases and 881,000 deaths occurred in 

2018 [1]. Surgical resection is the main treatment of choice for 
patients with stages I–III colorectal cancer [2]. Despite advance-
ments in surgical methods, postoperative complications are ob-
served in up to 35% of patients who undergo radical colorectal 
cancer surgery [3-8]. The impact of postoperative complications 
that affect long-term oncologic outcomes after radical colorectal 
surgery is controversial [8-12].

Some authors have shown that injuries associated with surgery 
stimulate tumor growth and dissemination [13-15]. Other re-
searchers have shown that postoperative complications affect the 
immunological response, which improves undetected tumor via-
bility and increases disease recurrence [16, 17]. In most studies, 
researchers analyzed all complications after curative colorectal 
cancer surgery, whether related to the surgery or not [9, 12, 18, 
19]. The elimination of complications not related to surgery, i.e., 
those beyond the surgeon’s control, would provide meaningful 
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analysis in identification of surgical factors.
The aim of this study was to examine the relationship between 

minor and major surgery-related complication subgroups accord-
ing to the Clavien-Dindo (CD) classification system. The influ-
ence of surgery-related postoperative complications on disease-
free survival between these 2 subgroups was compared.

METHODS

Patients
We retrospectively analyzed 1,149 patients who underwent radi-
cal surgery for stages I–III colorectal cancer at Samsung Medical 
Center from January 2010 to December 2010. The exclusion cri-
teria were (1) recurrent colorectal cancer, (2) metachronous can-
cer, (3) hereditary colorectal cancer, and (4) radical surgery not 
performed (patient underwent local excision and polypectomy). 
Among 1,149 patients, 334 experienced postoperative complica-
tions within 30 days after colorectal radical surgery. Among these 
334 patients, 24 experienced complications not related to surgery. 
This study was reviewed and approved by the Institutional Re-
view Board at Samsung Medical Center (IRB No. 2019-08-056-
001), and informed consent was waived.

All patients underwent curative surgery performed by 6 well-
trained colorectal surgeons. Cancer staging followed the 7th 
American Joint Committee on Cancer (AJCC) TNM classification 
guidelines [20]. According to radiologic evaluation, patients with 
locally advanced (radiological T3/T4 or N positive) rectal cancer 
located within 10 cm of the anal verge received preoperative ther-
apy with a 5-fluorouracil-based chemotherapy regimen or under-
went radiotherapy of the whole pelvis at a dose of 40.4−50.4 Gy.

Five-fluorouracil-based chemo-regimen was preferentially con-
sidered as adjuvant chemotherapy for patients with T3, T4, or 
node-positive disease after surgical resection. This decision was 
based on patient health status, compliance, and physician prefer-
ence. Patients were followed up at 3-month intervals for the first 2 
years, at 6-month intervals for the next 3 years, and yearly there-
after. Follow-up surveillance examinations included clinical his-
tory, physical examination, measurement of serum carcinoem-
bryonic antigen level, chest X-ray, and chest and abdominopelvic 
computed tomography scan. Additional pelvic magnetic reso-
nance imaging and positron emission tomography scans were 
performed every 6 to 12 months depending on patient status. 
Colonoscopy was performed 1 year after surgery and then every 2 
years [20].

The 310 patients were retrospectively placed into 5 categories 
according to the extended CD classification system for surgical 
complications published by the Japan Clinical Oncology Group in 
2016 [21]. The CD classification system published in 2004 pro-
vided for simple categorization of postoperative complications 
[22]. CD classification, along with the extended CD classification 
system, was established to standardize adverse event terms and 
provide more detailed grading guidelines in clinical practice [21].

Postoperative morbidity was defined as a complication occur-
ring during the hospital stay or within 30 days after surgery. Pa-
tients were assigned to 2 groups according to CD classification: 
minor complication group including CD grades I to II and major 
complication group including CD grades III to IV.

Statistical analysis
Data were analyzed using IBM SPSS Statistics ver. 23.0 (IBM 
Corp., Armonk, NY, USA). Clinicopathologic features of the 2 
groups were analyzed using chi-square test or t-test. Continuous 
variables were recorded as the median and minimum to maxi-
mum ranges. Variables with P-value < 0.05 were considered sta-
tistically significant in univariate analysis. Using the variables 
identified as statistically significant by univariate analysis, multi-
variate analysis was carried out using the logistic regression model 
and Cox regression method. Disease-free survival rates were esti-
mated using the Kaplan-Meier method, and differences between 
curves were compared using the log-rank test.

RESULTS

A total of 1,149 patients with stage I–III colorectal cancer under-
went curative radical surgery in 2010. Of these patients, 334 pa-
tients (29.1%) had postoperative complications; 24 patients (2.1%) 
who experienced complications unrelated to surgery were ex-
cluded. The remaining 310 patients (27.0%) were categorized into 
1 of 5 grades according to CD classification: (1) 52 patients (4.5%) 
were CD grade I; (2) 142 patients (12.4%) were CD grade II; (3) 
78 patients (6.8%) were CD grade IIIa; 35 patients (3.0%) were 
CD grade IIIb; and (4) 3 patients (0.3%) were CD grade IVa. Se-
vere complications such as CD grade IVb and mortality were ab-
sent. The type and frequency of complications are shown in Table 
1. The most common type of complication related to surgery was 
wound complication (31.6%); postoperative ileus (19.7%) was the 
second most common complication. Anastomosis leakage oc-
curred in 11.9% of cases and was the second most common com-
plication (20.7%) in the major complication group. Most compli-
cations unrelated to surgery were in the minor complication 
group (91.7%).

Patients were divided into 2 subgroups, a minor complication 
group (CD grade I/II) and a major complication group (CD grade 
III/IV) containing 194 and 116 patients, respectively. Compari-
sons of clinicopathologic features of patients according to compli-
cation groups (CD grade I/II vs. III/IV) are shown in Table 2. Pre-
operative obstruction, operative method, length of hospital stay, 
pathologic N category, and tumor size differed significantly be-
tween the 2 groups.

Risk factors influencing the major complication group are 
shown in Table 3. Univariate logistic regression indicated that 
preoperative obstruction, operative method, pathologic N cate-
gory, and neoadjuvant therapy were risk factors. On multivariate 
analysis, operative method, and pathologic N category were inde-
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Table 1. Type and frequency of complication

Type Total
Clavien-Dindo classification

I II IIIa IIIb IV

Surgery-related Minor complication 194 (62.6) Major complication 116 (37.4)

   Wound complication 98 (31.6) 20 (6.5) 12 (3.9) 63 (20.3) 3 (1.0) -

   Ileus 61 (19.7) 11 (3.5) 40 (12.9) 7 (2.3) 2 (0.6) 1 (0.3)

   Urinary retention 58 (18.7) 13 (4.2) 45 (14.5) - - -

   Anastomosis leakage 37 (11.9) - 13 (4.2) 1 (0.3) 22 (7.1) 1 (0.3)

   Postoperative bleeding 27 (8.7) 7 (2.3) 16 (5.2) - 3 (1.0) 1 (0.3)

   Chylous ascites 13 (4.2) 1 (0.3) 12 (3.9) - - -

   Intraabdominal fluid collection 12 (3.9) - 4 (1.3) 7 (2.3) 1 (0.3) -

   Rectovaginal fistula 2 (0.6) - - - 2 (0.6) -

   Bowel perforation 2 (0.6) - - - 2 (0.6) -

   Total 310 (100) 52 (16.8) 142 (45.8) 78 (25.2) 35 (11.3) 3 (1.0)

Surgery-unrelated

   Pulmonary complication 13 (54.2) 6 (25.0) 6 (25.0) - - 1 (4.2)

   Urinary dysfunction 4 (16.7) - 3 (12.5) - 1 (4.2) -

   Neurologic complication 3 (12.5) 1 (4.2) 2 (8.3) - - -

   Cardiac complication 2 (8.3) - 2 (8.3) - - -

   Other 2 (8.3) - 2 (8.3) - - -

Values are presented as number (%). 

pendent risk factors for the major complication group.
In the median follow-up of 72.2 months (range, 0.2 to 113.6 

months), the 5-year disease-free survival rate of this cohort was 
81.5%. The 5-year disease-free survival rates of the minor compli-
cation group (CD grades I and II) and the major complication 
group (CD grades III and IV) were 84.4% and 78.5%, respectively. 
There was no statistically significant difference between minor 
and major complication groups (P= 0.392) (Fig. 1). The survival 
curves according to pathologic TNM stage differed significantly. 
The 5-year disease-free survival rates of patients with pStage 0, 
pStage I, pStage II, and pStage III were 95.5%, 94.1%, 84.2%, and 
69.8%, respectively (P< 0.001) (Fig. 2).

Univariate analysis indicated that the prognostic factors associ-
ated with disease-free survival were preoperative perforation, 
emergency surgery, transfusion during operation, pathologic T 
category, pathologic N category, lymphovascular invasion (LVI), 
perineural invasion (PNI), tumor budding, receiving neoadjuvant 
therapy, and adjuvant therapy. On multivariate analysis, preopera-
tive perforation, PNI, tumor budding, and receiving neoadjuvant 
therapy were independent prognostic factors for disease-free sur-
vival (Table 4).

DISCUSSION

In this study, 334 patients (29.1%) with postoperative complica-
tions after radical colorectal cancer surgery were investigated. 

Among these, 310 patients (27.0%) experienced surgery-related 
complications. The surgery-related complication cohort was clas-
sified into 2 subgroups, minor and major complication groups, 
encompassing 194 patients (62.6%) and 116 patients (37.4%), re-
spectively. These complication rates are consistent with those of 
previous studies [3-8, 19, 23, 24]. Risk factors for major surgery-
related complications were analyzed. There were differences in 
the operative method and pathologic N category between minor 
and major complication groups. Pathologic N category was asso-
ciated with severity of cancer stage; pathologic N category positive 
refers to stage III colorectal cancer or higher according to the 7th 
AJCC TNM classification. Previous studies have shown a rela-
tionship between higher cancer stage and an increased incidence 
of postoperative complications [8, 25, 26].

Open surgery is considered a risk factor for increased surgery-
related major complications. Laparoscopic surgery has advantages 
over open surgery with no difference in oncologic outcome; ad-
vantages include less blood loss, shorter length of wound, faster 
recovery of bowel function, and shorter hospital stay [3-5]. The 
laparoscopic approach reduces wound incision and decreases the 
possibility of wound complications such as seroma, infection, and 
the need for resuturing under local anesthesia. These complica-
tions are categorized as major complications by the extended CD 
classification system [21].

The impact of postoperative complications that affect oncologic 
long-term outcomes in colorectal cancer remains controversial. 
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Variable
CD grades I, II 

(n = 194)
CD grades III, IV 

(n = 116)
P-value

Postoperative features

   Length of hospital stay 12 (7-44) 17 (8–85) < 0.001

   Pathologic T category

      0, 1, 2 83 (42.8) 37 (31.9) 0.057

      3, 4 111 (57.2) 79 (68.1)

   Pathologic N category

      Negative 122 (62.9) 57 (49.1) 0.018

      Positive 72 (37.1) 59 (50.9)

   Lymphovascular invasion

      Negative 127 (65.5) 70 (60.3) 0.365

      Positive 67 (34.5) 46 (39.7)

   Perineural invasion

      Negative 173 (89.2) 102 (87.9) 0.738

      Positive 21 (10.8) 14 (12.1)

   Tumor budding

      Negative 124 (63.9) 71 (61.2) 0.633

      Positive 70 (36.1) 45 (38.8)

   Tumor size (cm) 3.5 (0.1–12) 4.0 (0.2–20) 0.021

   Harvested lymph nodes 16 (0–58) 17 (2–62) 0.173

   Adjuvant therapy

      Chemotherapy 90 (46.4) 65 (56.0) 0.102

      Radiotherapy 0 (0) 1 (0.9)

      Chemoradiotherapy 16 (8.2) 12 (10.3)

Values are presented as median (range) or number (%).
ASA PS, American Society of Anesthesiologists physical status; CEA, carcinoem-
bryonic antigen; CD, Clavien-Dindo classification.
aNot available (N/A) 18 cases. bN/A 12 cases.

Table 2. ContinuedTable 2. Clinicopathologic features of surgery-related complications 
cohort (n=310)

Variable
CD grades I, II 

(n = 194)
CD grades III, IV 

(n = 116)
P-value

Preoperative features

   Age (yr) 60.5 (33–83) 59 (32–85) 0.545

   Sex

      Female 67 (65.5) 38 (32.8) 0.749

      Male 127 (65.5) 78 (67.2)

   ASA PS classification 

      I, II 176 (95.7) 102 (94.4)a 0.641

      III, IV 8 (4.3) 6 (5.6)

   Body mass index (kg/m2) 23.78 
(15.12–35.34)

23.46 
(16.45–30.52)

0.415

   Preoperative CEA level (ng/mL) 1.83 
(0.5–126.37)

2.23 
(0.5–125.70)b

0.465

   Underlying disease

      Hypertension 63 (32.5) 42 (36.2) 0.502

      Diabetes mellitus 38 (19.6) 21 (18.1) 0.747

      Heart disease 14 (7.2) 7 (6.0) 0.689

      Cerebrovascular disease 8 (4.1) 1 (0.9) 0.980

      Pulmonary disease 12 (6.2) 8 (6.9) 0.805

   Previous abdominal surgery 57 (29.4) 35 (30.2) 0.883

   Preoperative treatment

      Chemotherapy 1 (0.5) 1 (0.7) 0.130

      Radiotherapy 0 (0) 0 (0)

      Chemoradiotherapy 28 (14.4) 27 (23.3)

   Preoperative stenting 2 (1.0) 3 (2.6) 0.293

   Obstruction 19 (9.8) 23 (19.8) 0.012

   Perforation 6 (3.1) 9 (7.8) 0.064

Intraoperative features

   Type of operation

      Right hemicolectomy 57 (29.4) 25 (21.6) 0.211

      Left hemicolectomy 6 (3.1) 7 (6.0)

      Anterior resection 32 (16.5) 17 (14.7)

      Low anterior resection 92 (47.4) 56 (48.3)

      Other 7 (3.6) 11 (9.5)

   Level of anastomosis

      Colon 111 (57.2) 60 (51.7) 0.347

      Rectum 83 (42.8) 56 (48.3)

   Operative method

      Open surgery 94 (48.5) 82 (70.7) < 0.001

      Minimally invasive surgery 100 (51.5) 34 (29.3)

   Emergency surgery 7 (3.6) 6 (5.2) 0.506

   Diverting stoma 37 (19.1) 20 (17.2) 0.687

   Operative time (min) 160 (43–492) 157 (64–490) 0.827

   Transfusion during operation 6 (3.1) 7 (6.0) 0.211

(Continued to the next)

Recent studies have shown that postoperative complications have 
a negative effect on the oncologic outcome. In particular, infec-
tious complications, surgical intensive care unit admission, and 
location of anastomosis leakage were associated with negative 
prognosis [7, 11, 12, 23, 27-29]. Several studies demonstrated that 
postoperative complications impact short-term and long-term 
survival as described above. However, some researchers contend 
that postoperative complications do not have a significant effect 
on the oncologic outcome or disease-free survival in colorectal 
cancer [8, 9, 30]. In our study, advanced cancer stage and opera-
tive method were surgery-related risk factors for major complica-
tions after radical colorectal cancer surgery. However, the results 
show no differences in 5-year disease-free survival between minor 
(84.4%) and major (78.5%) complication groups. These surgery-
related major complications did not influence disease-free sur-
vival (P= 0.392) of colorectal cancer patients.

As described in our study, preoperative perforation, PNI, tumor 
budding, and receiving neoadjuvant therapy were prognostic fac-
tors of disease-free survival in colorectal cancer surgery. These re-
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Table 3. Risk factors influencing Clavien-Dindo grades III and IV in surgery-related complication cohort

Variable
Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value

Age ( > 59/ ≤ 59 yr) 0.908 0.573–1.439 0.682

Sex (male/female) 1.083 0.665–1.764 0.749

ASA PS classification (III, IV/I, II) 1.294 0.437–3.835 0.642

BMI ( > 23.6/ ≤ 23.6 kg/m2) 0.871 0.550–1.381 0.558

Preoperative CEA ( > 5.0/ ≤ 5.0 ng/mL) 1.310 0.708–2.426 0.390

Underlying disease

   Hypertension 1.180 0.728–1.914 0.502

   Diabetes mellitus 0.907 0.503–1.638 0.747

   Heart disease 0.826 0.323–2.109 0.689

   Cerebrovascular disease 0.202 0.025–1.638 0.134

   Pulmonary disease 1.123 0.445–2.835 0.805

Preoperative stenting 2.549 0.420–15.484 0.309

Obstruction 2.278 1.180–4.397 0.014 1.750 0.886–3.457 0.107

Perforation 2.636 0.913–7.606 0.073

Operative method (open/MIS) 2.566 1.573–4.184 < 0.001 2.486 1.519–4.069 < 0.001

Emergency surgery 1.457 0.478–4.446 0.508

Operative time ( > 160/ ≤ 160 min) 0.973 0.614–1.541 0.906

Transfusion during operation 2.012 0.659–6.140 0.219

Pathologic T category (3, 4/0, 1, 2) 1.597 0.985–2.588 0.058

Pathologic N category (+/−) 1.754 1.100–2.796 0.018 1.661 1.031–2.676 0.037

Lymphovascular invasion (+/−) 1.246 0.774–2.004 0.365

Perineural invasion (+/−) 1.131 0.551–2.321 0.738

Tumor budding (+/−) 1.123 0.698–1.805 0.633

Tumor size ( > 3.6/ ≤ 3.6 cm) 1.180 0.744–1.870 0.481

Neoadjuvant therapy (+/−) 2.737 1.397–5.364 0.003 1.519 0.808–2.858 0.195

OR, odds ratio; CI, confidence interval; ASA PS, American Society of Anesthesiologists physical status; BMI, body mass index; CEA, carcinoembryonic antigen; MIS, minimally 
invasive surgery. 

Fig. 1. Disease-free survival (DFS) curves by postoperative complication 
group of Clavien-Dindo (CD) classification after colorectal cancer surgery.  

Fig. 2. Disease-free survival (DFS) curves according to pathologic 
TNM stage (pStage) after colorectal cancer surgery.  
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sults are consistent with our institute’s previous study showing 
that LVI, PNI, and tumor budding are as strong predictors of 
colorectal cancer disease-free survival [20]. Preoperative perfora-
tion and receiving neoadjuvant therapy could be related to the se-
verity of cancer stage affecting recurrence.

An objective stratification protocol was used to classify patient 
complications based on treatment modality rather than clinical 
manifestations. The extended CD classification system that stan-
dardizes adverse event terms in more detail was used [21]. This 
helped us overcome the limitation of retrospective data collection. 
However, the CD classification system stratifies surgical compli-
cations based on the invasiveness of the treatment modality. This 
grading system may not reflect the impact of a patient’s systemic 

condition after surgery [8].
As a retrospective single center study, our study has a few limita-

tions. Type II error may be present due to the relatively small num-
ber of patients. In our study, 57 patients underwent preoperative 
chemoradiotherapy, so combining of ypStage with pStage can 
cause bias. Another limitation is that our study did not consider 
patient comorbidities. Even if a patient had many comorbidities, 
the most invasive treatment grade was based on extended CD 
classification. This bias might underestimate the comorbidity ef-
fect on patients.

In conclusion, advanced cancer stage and open surgery were 
identified as risk factors for increasing surgery-related major 
complications after radical colorectal cancer surgery. However, 

Table 4. Prognostic factors influencing disease-free survival in surgery-related complication cohort

Pathologic T category (3, 4/0, 1, 2)
Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value

Age ( > 59/ ≤ 59 yr) 0.635 0.362–1.114 0.114

Sex (male/female) 0.583 0.336–1.010 0.054

ASA PS classification (III, IV/I, II) 1.385 0.430–4.460 0.585

BMI ( > 23.6/ ≤ 23.6 kg/m2) 0.882 0.509–1.527 0.653

Preoperative CEA ( > 0.5/ ≤ 5.0 ng/mL) 1.842 0.975–3.483 0.060

Underlying disease

   Hypertension 0.757 0.409–1.401 0.376

   Diabetes mellitus 0.464 0.184–1.168 0.103

   Heart disease 0.531 0.129–2.185 0.381

   Cerebrovascular disease 2.407 0.749–7.731 0.140

   Pulmonary disease 0.931 0.290–2.988 0.904

Preoperative stenting 3.012 0.731–12.416 0.127

Obstruction 1.013 0.456–2.250 0.974

Perforation 4.608 2.159–9.837 < 0.001 4.436 2.024–9.722 < 0.001

Operative method (open/MIS) 1.563 0.873–2.797 0.133

Emergency surgery 3.218 1.372–7.549 0.007 0.927 0.350–2.456 0.879

Operative time ( > 160/ ≤ 160 min) 1.693 0.965–2.971 0.067

Transfusion during operation 2.970 1.178–7.486 0.021 1.635 0.501–5.338 0.416

Pathologic T category (3, 4/0, 1, 2) 3.288 1.600–6.7155 0.001 1.133 0.446–2.880 0.793

Pathologic N category (+/−) 3.361 1.860–6.074 < 0.001 1.787 0.824–3.876 0.142

Lymphovascular invasion (+/−) 3.365 1.907–5.939 < 0.001 1.072 0.518–2.217 0.852

Perineural invasion (+/−) 5.665 3.183–10.082 < 0.001 3.249 1.779–5.934 < 0.001

Tumor budding (+/−) 4.076 2.276–7.300 < 0.001 4.606 2.422–8.758 < 0.001

Tumor size ( > 3.6/ ≤ 3.6) 1.156 0.667–2.004 0.605

Neoadjuvant therapy (+/−) 2.286 1.227–4.092 0.005 4.177 2.231–7.819 < 0.001

Adjuvant therapy (+/−) 2.348 1.205–4.576 0.012 0.782 0.333–1.834 0.572

CD (III, IV/I, II) 1.273 0.731–2.215 0.394

OR, odds ratio; CI, confidence interval; ASA PS, American Society of Anesthesiologists physical status; BMI, body mass index; CEA, carcinoembryonic antigen; MIS, mini-
mally invasive surgery; CD, Clavien-Dindo classification. 
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the severity of postoperative complications did not affect the dis-
ease-free survival of patients with colorectal cancer.
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