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Background: Advancing age is associated with high incidence of colorectal cancer (CRC) 
and high rates of postoperative complications (POCs). However, the impact of of POC 
severity — evaluated by Clavien–Dindo classification (CDC) or comprehensive complication 
index (CCI) — on long-term overall survival (OS) in elderly patients after radical CRC 
resection is not clear.
Methods: Elderly patients aged 65 years or more with CRC undergoing radical resection 
were retrospectively recruited. POC details were collected and evaluated using CDC grades 
and the CCI, blinded to patients’ other information. Risk factors for CDC grade ≥II POCs 
were analyzed by multivariate logistic regression. Effects of CDC grade II–IV POCs on 
long-term OS were analyzed via propensity-score matching (PSM) analysis followed by 
Kaplan–Meier curve plotting and multivariate Cox proportional-hazard regression adjusted 
for all potential confounders. The prognostic value of the CCI was also explored and 
compared with CDC grades.
Results: A total of 614 elderly patients were identified, of which 20, 106, 25, 11, and 13 
cases experienced CDC grade I, II, III, IV, and V POCs, respectively. Higher age, female sex, 
coronary heart diseases, family history of tumors, preoperative anemia, high amount of 
bleeding during operation, and high positive dissected lymph–node ratio were found to be 
risk factors for CDC grade II–V POCs. After PSM analyses, CDC grade II–IV POCs were 
identified to be associated with poor long-term OS, which was also verified in the entire 
cohort. The CCI was also found to be significantly associated with decreased long-term OS 
and showed prognostic values similar to CDC grades.
Conclusion: Both CDC grades and the CCI can be used to evaluate POCs and are 
associated with long-term OS in elderly patients undergoing radical CRC resection.
Keywords: elderly, colorectal cancer, postoperative complications, Clavien–Dindo 
classification, comprehensive complication index, overall survival

Introduction
Colorectal cancers (CRCs) are the third–most commonly diagnosed cancers and 
the second-leading cause of cancer-related deaths around the world, according to 
the GLOBOCAN 2018 estimate.1 In the US, CRC is the fourth–most commonly 
diagnosed cancer and the second-leading cause of cancer-related deaths.2 In China, 
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CRC is the third–most commonly diagnosed cancer and 
the fifth-leading cause of cancer-related deaths.3 Incidence 
of CRC escalates rapidly with age, and the proportion of 
CRC in elderly is progressively increasing due to length-
ening of life expectancy.4 Estimates suggest that about 
16% of the world’s population will be aged >65 years by 
2050.5 It has been estimated that 54% of CRCs are diag-
nosed and that 68% CRC deaths will occur in patients 
aged ≥65 years in 2020 in USA.2

Surgery, the main treatment for CRC,6 presents 
a relevant rate of postoperative complications (POCs), 
which increase with advancing age.7–9 POCs after CRC 
surgery affect both short-term quality of life and long-term 
oncological outcomes,10,11 and are frequently used as 
a measure of surgical care.12 In patients undergoing sur-
gery for primary CRC, recent studies have suggested that 
infectious POCs13,14 and anastomotic leaks15 are asso-
ciated with poor short-term and long-term prognosis. In 
patients with colorectal liver–metastasis resection, infec-
tious POCs16,17 have also been observed to be correlated 
with poor long-term prognosis. As such, it is essential to 
robustly and reproducibly assess POCs. Clavien–Dindo 
classification (CDC) is one of the representative methods 
for the classification of complications.18,19 It divides the 
severity of complications based on the level of medical 
intervention required for resolution of the complication. 
Studies have revealed that major POCs evaluated by CDC 
adversely affect long-term outcomes of CRC patients after 
resection.20,21 However, CDC defines the severity of the 
complication in a single patient according to the most 
serious complication, and CDC grade alone cannot effec-
tively reflect multiple complications.

In 2013, Slankamenac et al22 develop a novel global 
scoring system for POCs based on CDC: the comprehen-
sive complication index (CCI). The CCI integrates each 
single complication weighted by POC severity and ranges 
morbidity from 0 (no complications) to 100 (death). Both 
CDC and the CCI have been validated from clinical and 
economic points of view.23,24 The CCI seems to be more 
sensitive for complication reporting than CDC. Research 
has already suggested that the severity of POCs assessed 
by the CCI is associated with long-term survival after 
CRC surgery25 or colorectal liver–metastasis resection.26 

Currently, the impact of severity of POCs evaluated by 
CDC grades or the CCI on long-term survival in elderly 
patients after radical CRC resection is not clear. In the 
present study, we retrospectively enrolled 614 elderly 
patients who had undergone radical resection for CRC to 

explore the risk factors of CDC grade ≥II POCs, identify 
the associations of CDC grades and the CCI with long- 
term overall survival (OS), and compare the prognostic 
value between CDC grades and the CCI.

Methods
Patients
We had previously established a database of patients with 
pathologically proven CRC who underwent surgical inter-
vention between January 2003 and December 2014 at 
Beijing Friendship Hospital.27 This database contained 
patients’ clinicopathological and follow-up data. In the 
present study, we retrospectively collected clinicopatholo-
gical and follow-up data of elderly patients (65 years or 
older) with CRC who had undergone radical laparoscopic 
or open surgery. Data collected comprised general back-
ground (ie, age, sex, history of drinking and smoking), 
medical history (ie, history of hypertension, coronary 
heart disease, diabetes, and personal and family history 
of malignant tumors), early symptoms (ie, changes in 
bowel habits and abdominal pain), preoperative clinical 
manifestations (ie, preoperative hemorrhage and anemia 
and blood CEA levels), surgical parameters (ie, type of 
operation and amount of bleeding), detailed POCs (ie, lung 
infection, bowel obstruction, hypoproteinemia, incision or 
abdominal infection, wound dehiscence/anastomotic fis-
tula), tumor pathology (ie, TNM stage, differentiation, 
tumor type, neurovascular tumor thrombus, positive dis-
sected lymph-node ratio [LNR], tumor nodules), post-
operative chemotherapy treatment, and follow-up 
information (OS time and vital status). The final follow- 
up date of the patients in the database was in June 2016. 
Inclusion criteria were >65 years old, radical surgical 
resection (laparoscopic or open), and no other malignan-
cies. Exclusion criteria were no POCs or follow-up infor-
mation and >15% of data variables unavailable.

Ethical approval was obtained from the institutional 
review board of Beijing Friendship Hospital. The study 
was performed in accordance with the ethical standards of 
the institutional and national research committee and with 
the 1964 Declaration of Helsinki and its later amendments. 
The review board waived the need for informed consent 
because of the retrospective nature of the study. Patient 
data analyzed in the present study were anonymous and 
complied with relevant local data-protection and privacy 
regulations.
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Postoperative Complication Assessment
Detailed POC information within 30 days after surgery 
(in-hospital POCs until 30th postoperative day), which 
had been collected from discharge reports previously, 
were extracted from our database. The severity of POCs 
in a single patient was defined by the CDC system 
(grades 0–V). CDC grade 0 meant no occurrence of 
POCs, whereas CDC grade V meant postoperative deaths. 
Overall POCs were defined as those of CDC grade II or 
higher, and complications with CDC grades 0–I were 
defined as unremarkable recovery. Major POCs were 
defined as those of CDC grade III or higher, and minor 
POCs were defined as those with CDC grades 0–II. The 
CCI was calculated based on the number of POCs and 
their CDC grades. POC assessment was performed by two 
researchers independently and blinded to other clinical 
features and follow-up outcomes of the patient. 
Postoperative deaths (ie, CDC grade V) were excluded 
when performing propensity score–matching (PSM) ana-
lysis, Kaplan–Meier curve plotting, and Cox proportional 
hazard–regression analyses.

Statistical Analysis
Enrolled elderly patients after radical CRC resection were 
divided into groups according to CDC grades. Missing 
values were compensatedusing multiple imputation 
method. Clinicopathological data between different groups 
were firstly compared via χ2 test, Fisher’s exact test, or 
Mann–Whitney U test. Multivariate stepwise logistic 
regression analysis was used to identify independent risk 
factors for overall POCs. To investigate the relationship 
between POCs and long-term OS in elderly patients after 
radical CRC resection, PSM was carried out between 
patients with CDC grade II–IV POCs (overall POCs) and 
patients with CDC grade 0–I POCs (unremarkable recov-
ery) at a ratio of 1:2 by logistic regression to reduce the 
effects of confounders and selection bias based on the 
covariates age, sex, smoking, drinking, hypertension, dia-
betes, coronary heart disease, history of malignancy, 
family history of tumors, bowel-habit changes, abdominal 
pain, obstruction, preoperative anemia, CEA levels, 
amount of bleeding, surgical procedure, tumor location, 
tumor size, positive dissected LNR, differentiation, tumor 
stages, and postoperative chemotherapy. Kaplan–Meier 
curves with log-rank (Mantel–Cox) tests were utilized to 
evaluate OS differences between overall POCs and unre-
markable-recovery groups. Univariate Cox proportional- 

hazard and multivariate models adjusted for potential con-
founders were also used to clarify associations of POCs 
evaluated by CDC grades and the CCI with OS. We 
selected confounders based on whether they changed the 
effect estimate of POCs on OS by >10% or were signifi-
cantly associated with OS. CDC and CCI models for pre-
dicting OS were constructed via multivariate stepwise Cox 
regression analysis by incorporating CDC grades and the 
CCI, respectively. Harrell’s concordance indices 
(C-indices) were calculated and time-dependent receiver- 
operating curves (ROCs) were plotted to evaluate the dis-
criminative abilities of the two models. All statistical tests 
were two-sided and P<0.05 considered significant. For 
multiple testing, Bonferroni-corrected P-value 
thresholds were used to reduce the family-wise error rate. 
R software version 3.4.3 was used for all statistical 
analyses.

Results
Clinical Characteristics
A total of 614 elderly patients who had had radical CRC 
resections were finally enrolled. Median age was 74 years, 
248 cases were female and 366 male, and 364 had colon 
cancer and 250 rectal cancer. Most of the patients had been 
diagnosed at stage II (43.35%) and stage III (35.02%), and 
59.61% underwent radical open surgery and 40.39% radi-
cal laparoscopic surgery. Median follow-up was 50.57 
months and median OS 97 months, while 1-, 3-, and 
5-year OS of these patients was 91.21%, 70.63%, and 
60.83%, respectively.

Postoperative Complication Evaluation
There were 257 POCs in 175 patients (Table S1), and 55 
cases had multiple POCs (two or more). Hypoproteinemia, 
incision or abdominal infection, pulmonary infection, wound 
dehiscence/anastomotic fistula, and obstruction were the 
most frequent POCs. Only lung infection was found to be 
associated with OS in multivariate Cox models (Table S2). 
POCs were then evaluated by CDC grades and the CCI, 
respectively. There were 20, 106, 25, 11, and 13 patients 
experiencing CDC grade I–V complications, respectively. 
Each CDC grade showed a range of CCI scores, because 
some patients experienced multiple complications: 8.66–-
12.25 for grade I, 20.92–30.82 for grade II, 26.22–47.57 
for grade III, and 42.43–74.16 for grade IV (Figure 1A). 
We also divided the patients into different age-groups (each 
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five years), as shown in Figure 1B. POCs increased with age: 
from 21.77% for 65–69 years to 38.18% for ≥80 years.

Risk Factors for Overall POCs
As shown in Table 1, significant differences in some 
clinicopathological features between patients with CDC 
grade 0–I (unremarkable recovery) and grade II–V 
(overall POCs) were found. In multivariate stepwise 
logistic regression analysis, advanced age, female sex, 
coronary heart diseases, family history of tumors, pre-
operative anemia, high amount of bleeding during 
operation, and high positive dissected LNR were found 
to be significantly associated with increased overall 
POCs (P<0.05, Table 2). When a Bonferroni-corrected 
threshold of P<0.006 was used, higher age, female sex, 
and high LNR were still significantly associated with 
overall POCs.
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Figure 1 (A) Comprehensive comorbidity index (CCI)–score distribution corresponding 
to each Clavien–Dindo classification (CDC) grade; (B) CDC-grade distribution corre-
sponding to each age-group in elderly patients after radical colorectal cancer surgery.

Table 1 Comparison of Clinicopathological Characteristics 
Among Elderly CRC Patients with Overall Postoperative 
Complications (POCs; CDC grade II–V) and Unremarkable- 
Recovery POCs (CDC grade 0–I), n=614

CDC 0–I CDC II–V P-value

n (%) 459 (100) 155 (100)

CCI scores 0 (0– 

12.25)

20.92 

(20.92–100)

<0.001

Age (years), median (Q1–Q3)] 74 (70–78) 76 (72–79) <0.001

Sex 0.006

Female 171 (37) 77 (50)

Male 288 (63) 78 (50)

Smoking 0.517

No 338 (74) 110 (71)

Yes 121 (26) 45 (29)

Drinking 0.822

No 371 (81) 124 (80)

Yes 88 (19) 31 (20)

Hypertension 0.054

No 263 (57) 75 (48)

Yes 196 (43) 80 (52)

Diabetes 0.414

No 381 (83) 133 (86)

Yes 78 (17) 22 (14)

Coronary heart diseases 0.005

No 419 (91) 129 (83)

Yes 40 (9) 26 (17)

History of malignancy 0.565

No 435 (95) 145 (94)

Yes 24 (5) 10 (6)

Family history of tumors 0.050

No 435 (95) 140 (90)

Yes 24 (5) 15 (10)

Bowel-habit changes 0.766

No 356 (78) 122 (79)

Yes 103 (22) 33 (21)

Abdominal pain 0.752

No 358 (78) 119 (77)

Yes 101 (22) 36 (23)

Obstruction 0.153

No 418 (91) 135 (87)

Yes 41 (9) 20 (13)

Preoperative anemia 0.001

No 270 (59) 68 (44)

Yes 189 (41) 87 (56)

CEA level 0.868

Low 270 (59) 90 (58)

High 189 (41) 65 (42)

(Continued)
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POCs and Long-Term Overall Survival
Patients with CDC grade V POCs, ie, those died within 30 
days postsurgery, were excluded when investigating the 
relationship between POCs and long-term OS in elderly 
patients after radical CRC resection. Given the great dif-
ference in baseline characteristics between patients with 
CDC grade II–IV POCs (overall POCs) and those with 
CDC grade 0–I POCs (unremarkable recovery), PSM at 
a ratio of 1:2 was carried out. A total of 309 patients were 
identified by PSM, of whom 103 had grade II–IV POCs 
and 206 grade 0–I POCs. No significant difference in 
clinicopathological characteristics between the two groups 
existed, including those different before PSM (Table 3 and 
Table S3).

In the PSM cohort, Kaplan–Meier curves suggested 
overall POCs were associated with decreased OS (3-year 
OS rate 60.31% vs 73.64%, 5-year OS rate 54.68% vs 
67.14%; P=0.018; Figure 2A), whereas major POCs (CDC 
grade III–IV) were not (Figure 2B). Univariate Cox 
regression and multivariate analyses adjusted for all poten-
tial confounding factors suggested overall POCs were an 
independent prognostic factor for poor long-term OS 
(adjusted HR 1.751, 95% CI 1.140–2.691; P=0.011; 
Table 4). Meanwhile, high CCI scores (per 1-point 
increase) were also found to be associated with poor OS 

Table 1 (Continued).  

CDC 0–I CDC II–V P-value

Surgery procedure 0.003

Open 258 (56) 108 (70)

Laparoscopic 201 (44) 47 (30)

Amount of bleeding 0.028

Low 208 (45) 57 (37)

Moderate 211 (46) 74 (48)

High 40 (9) 24 (15)

Tumor location 0.061

Colon 282 (61) 82 (53)

Rectum 177 (39) 73 (47)

T stage 0.506

T1 17 (4) 4 (3)

T2 57 (12) 24 (15)

T3 232 (51) 70 (45)

T4 153 (33) 57 (37)

N stage 0.311

N0 266 (58) 97 (63)

N1–N2 193 (42) 58 (37)

M stage 0.491

M0 420 (92) 139 (90)

M1 39 (8) 16 (10)

Tumor size 0.041

Small 230 (50) 63 (41)

Large 229 (50) 92 (59)

LNR 0.015

Low 311 (68) 121 (78)

High 148 (32) 34 (22)

Differentiation 0.987

Low 25 (5) 8 (5)

Moderate 255 (56) 87 (56)

High 179 (39) 60 (39)

Neurovascular tumor 
embolus

0.534

Negative 411 (90) 136 (88)

Positive 48 (10) 19 (12)

Tumor nodules 0.984

Absent 355 (77) 120 (77)

Present 104 (23) 35 (23)

Postoperative chemotherapy 
cycles

0.003

0–≤2 283 (62) 116 (75)

3–8 176 (38) 39 (25)

Abbreviations: CRC, colorectal cancer; CDC, Clavien–Dindo classification; CCI, com-
prehensive complication index; LNR, (positive dissected) lymph-node ratio; OS, overall 
survival.

Table 2 Multivariate Stepwise Logistic Regression Analysis of the 
Factors Associated with Overall POCs in Elderly Patients that 
had Undergone Radical CRC Surgery (Entire Cohort, n=614)

OR 95% CI P-value

Age (continuous) 1.066 1.028 1.106 0.001

Sex (male vs female) 0.545 0.369 0.805 0.002
Coronary heart diseases 
(yes vs no)

1.822 1.031 3.220 0.039

Family history of 
tumors (yes vs no)

2.098 1.023 4.302 0.043

Preoperative anemia (yes 
vs no)

1.626 1.104 2.394 0.014

Amount of bleeding (high 
vs low)

2.154 1.201 3.861 0.010

Surgery (laparoscopic vs 
open)

0.692 0.456 1.049 0.083

LNR (high vs low) 0.494 0.313 0.781 0.003

Abbreviations: CRC, colorectal cancer; LNR, (positive dissected) lymph-node 
ratio.
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in both univariate Cox regression analysis and multivariate 
analysis (adjusted HR 1.017, 95% CI 1.003–1.030; 
P=0.014). When using a Bonferroni-corrected threshold 
of P<0.025, both CDC II–IV and the CCI were signifi-
cantly associated with OS in either univariate or multi-
variate analyses. These significant associations were also 
verified in the entire cohort, excluding patients with CDC 
V POCs (n=601, Table 4).

To compare the ability of the CCI with CDC grades 
in predicting OS of elderly patients undergoing radical 
CRC resection, CCI and CDC grades were included in 

multivariate stepwise Cox regression models to con-
struct CDC- and CCI-based prognosis models. In the 
PSM cohort, the CCI and CDC models were similar, 
with C-indices of 0.753 and 0.755, respectively, and 
area under time-dependent ROC (AUC) at 5 years of 
0.742 and 0.753, respectively (Table 5 and Figure 3A). 
In the entire cohort (excluding patients with CDC 
grade V POCs), the CCI and CDC models were also 
similar, with C-indices of 0.743 and 0.742, respec-
tively, and AUC at 5 years was 0.763 for both 
(Figure 3B). 

Table 3 Comparison of Clinicopathological Characteristics Among Elderly CRC Patients with Overall Postoperative 
Complications (POCs; CDC Grade II–IV) and Unremarkable-Recovery POCs (CDC Grade 0–I) Before and After Propensity-Score 
Matching

Before Propensity-Score Matching (n=601) After Propensity-Score Matching (n=309)

CDC 0–I CDC II–IV P-value CDC 0–I CDC II–IV P-value

n (%) 459 (100) 142 (100) 206 (100) 103 (100)

Age (years), median (Q1–Q3) 74 (70–78) 76 (72–79) 0.001 75 (71–78) 75 (71–78) 0.696

Sex 0.004 0.463

Female 171 (37) 72 (51) 83 (40) 46 (45)

Male 288 (63) 70 (49) 123 (60) 57 (55)

Coronary heart diseases 0.003 0.885

No 419 (91) 117 (82) 189 (92) 94 (91)
Yes 40 (9) 25 (18) 17 (8) 9 (9)

Family history of tumors 0.048 0.414
No 435 (95) 128 (90) 191 (93) 98 (95)

Yes 24 (5) 14 (10) 15 (7) 5 (5)

Preoperative anemia 0.001 0.260

No 270 (59) 62 (44) 112 (54) 49 (48)

Yes 189 (41) 80 (56) 94 (46) 54 (52)

Surgery procedure 0.016 0.867
Open 258 (56) 96 (68) 130 (63) 66 (64)

Laparoscopic 201 (44) 46 (32) 76 (37) 37 (36)

Amount of bleeding 0.050 0.728

Low 208 (45) 52 (37) 87 (42) 43 (42)

Moderate 211 (46) 69 (49) 99 (48) 47 (46)
High 40 (9) 21 (15) 20 (10) 13 (13)

LNR 0.011 0.165
Low 311 (68) 112 (79) 149 (72) 82 (80)

High 148 (32) 30 (21) 57 (28) 21 (20)

Absent 355 (77) 111 (78) 167 (81) 83 (81)
Present 104 (23) 31 (22) 39 (19) 20 (19)

Postoperative chemotherapy cycles 0.018 0.496
0–≤2 283 (62) 103 (73) 134 (65) 71 (69)

3–8 176 (38) 39 (27) 72 (35) 32 (31)

Abbreviations: CRC, colorectal cancer; CDC, Clavien–Dindo classification; CCI, comprehensive complication index; LNR, (positive dissected) lymph-node ratio.
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Discussion
POCs have been shown always to be associated with 
longer hospital stays, increased economic cost, and 
increased postoperative mortality. However, the impact 
of severity of complications evaluated by CDC grades or 
the CCI on long-term survival of elderly patients after 
radical CRC resection is not clear. Odermatt et al20 ana-
lyzed 868 cases after CRC resection and found 63 (7%) 
experienced major POCs (IIIb, IV, and V) and 24 CDC 
grade V POC. After excluding CDC grade V, they found 

major POCs (IIIb or IV) were significantly associated 
with OS. Cienfuegos et al21 examined major POCs 
(≥CDC grade IIIb) in 950 patients with resected stage 
I–III colon cancer and identified 51 (5%) cases experi-
enced major POCs. They also found major POCs were 
associated with long-term OS and disease-free survival 
(DFS), especially in stage III cancers. Unfortunately, only 
the association for DFS was significant on multivariate 
analysis, and they included cases that died with CDC 
grade V. Durase et al28 performed a study of 2,266 
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Figure 2 Kaplan–Meier survival curves stratified by postoperative complications in propensity score–matched cohorts of elderly patients after radical colorectal cancer 
surgery. (A) Stratified by CDC grades 0–I and II–IV; (B) stratified by CDC grades 0–II and III–IV.

Table 4 Associations of Postoperative Complications with OS Analyzed by Multivariate Cox Regression Models in Elderly Patients 
After Radical CRC Surgery in PSM Cohort and Entire Cohort, Excluding Patients with CDC V POCs

Postoperative complications HR 95% CI P value

PSM cohort (n=309)
Unadjusted Overall POCs (CDC II–IV vs 0–I) 1.621 1.084 2.425 0.019

Adjusted§ Overall POCs (CDC II–IV vs 0–I) 1.751 1.140 2.691 0.011

Unadjusted CCI scores (per 1-point increase) 1.019 1.006 1.033 0.005
Adjusted§ CCI scores (per 1-point increase) 1.017 1.003 1.030 0.014

Entire cohort* (n=601)
Unadjusted Overall POCs (CDC II–IV vs 0–I) 1.520 1.097 2.107 0.012

Adjusted† Overall POCs (CDC II–IV vs 0–I) 1.558 1.075 2.258 0.019

Unadjusted CCI scores (per 1-point increase) 1.017 1.006 1.029 0.004
Adjusted† CCI scores (per 1-point increase) 1.017 1.004 1.030 0.012

Notes: §Adjusted for age, smoking, history of malignancy, obstruction, CEA levels, T stage, N stage, tumor size, LNR, tumor nodules, tumor differentiation, and postoperative 
chemotherapy; †adjusted for age, smoking, history of malignancy, family history of tumors, abdominal pain, obstruction, preoperative anemia, CEA levels, surgery procedure, 
amount of bleeding, T stage, N stage, tumor size, LNR, tumor nodules, tumor differentiation, and postoperative chemotherapy; *excluding patients with CDC V POCs (n=13). 
Abbreviations: CRC, colorectal cancer; CDC, Clavien–Dindo classification; CCI, comprehensive complication index; LNR, (positive dissected) lymph-node ratio; OS, 
overall survival.
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patients with resected CRC and suggested that POCs 
were associated with long-term OS or DFS, with an 
increased effect at higher CDC grades, but they did not 

investigate the severity of POCs indicated by CDC 
grades in multivariate analyses. Miyamoto et al29 retro-
spectively analyzed 673 consecutive patients with stage 

Table 5 Multivariate Stepwise Cox Proportional Hazard–Regression Models Incorporating CDC or CCI for Predicting OS in Elderly 
Patients After Radical CRC Surgery (PSM Cohort, n=309)

HR 95% CI P-value C-index

CDC 0.7548

Overall POCs (CDC II–IV vs 0–I) 1.597 1.058 2.410 0.026

Age (years), continuous 1.039 1.001 1.079 0.047
Smoking (yes vs no) 1.678 1.108 2.540 0.015

History of malignancy (yes vs no) 2.251 1.158 4.377 0.017

CEA levels (high vs low) 1.763 1.157 2.686 0.008
N stage (N1–N2 vs N0) 1.623 0.929 2.833 0.089

Tumor size (large vs small) 1.178 0.949 1.463 0.138
LNR (high vs low) 1.923 1.132 3.266 0.016

Tumor nodules (present vs absent) 1.760 1.093 2.832 0.020

Postoperative chemotherapy cycles (3–8 vs ≤2) 0.652 0.514 0.827 0

CCI 0.7533

CCI score (continuous) 1.014 1.001 1.027 0.031
Age (years), continuous 1.038 1.000 1.078 0.050

Smoking (yes vs no) 1.660 1.093 2.521 0.017

History of malignancy (yes vs no) 2.138 1.099 4.159 0.025
CEA levels (high vs low) 1.844 1.209 2.812 0.005

N stage (N1–N2 vs N0) 1.591 0.908 2.785 0.104

Tumor size (large vs small) 1.156 0.931 1.434 0.190
LNR (high vs low) 1.904 1.124 3.228 0.017

Tumor nodules (present vs absent) 1.736 1.080 2.789 0.023

Postoperative chemotherapy cycles (3–8 vs ≤2) 0.656 0.516 0.834 0.001

Abbreviations: CRC, colorectal cancer; CDC, Clavien–Dindo classification; CCI, comprehensive complication index; LNR, (positive dissected) lymph-node ratio; OS, 
overall survival.
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OS in elderly patients undergoing radical CRC surgery. (A) PSM cohort; (B) entire cohort excluding patients with CDC grade V POCs.
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I–III CRC undergoing curative resection and found CDC 
≥III POCs were associated with long-term relapse-free 
survival. In contrast, Slankamenac et al25 did not 
identify any associations of major POCs (IIIb or IV) 
with OS in 284 patients with resected CRC.

In elderly patients, Fagard et al30 analyzed 190 patients 
>70 years old who had had elective CRC surgery and found 
no significant association of 1-year mortality with CDC ≥II 
POCs or CDC ≥III POCs. Yamamoto et al31 enrolled 166 
elderly patients aged ≥75 years with a histopathological diag-
nosis of colorectal adenocarcinoma who had undergone cura-
tive surgery and found no association of POCs (≥II) with OS. 
In the present study, we retrospectively enrolled 614 elderly 
patients undergoing radical resection for CRC and found 
there were 106, 25, 11, and 13 patients experiencing CDC 
grade I, II, III, IV, and V complications, respectively. High 
age, female sex, coronary heart diseases, family history of 
tumors, preoperative anemia, high amount of bleeding during 
operation, and high LNR were found to be significantly 
associated with increased CDC grade II–V complications. 
Other clinical features, such as CRP:albumin ratio and 
Geriatric Nutritional Risk Index, have been also identified 
to be associated with POCs in whole or elderly 
populations with CRC.32,33 After exclusion patients with 
CDC grade V complications, overall POCs (CDC grade II– 
IV) were identified to be associated with decreased OS in the 
PSM cohort (n=309), a cohort with similar baseline charac-
teristics, and in the entire cohort (n=601). The sample size of 
309 cases in the PSM cohort provided 98.5% power with 
two-sided α=0.05 and 97% power with two-sided α=0.025 
for 3-year OS-rate difference between overall POCs and 
unremarkable groups, as well as provided 93% power with 
a two-sided α=0.05 and 88% power with two-sided α=0.025 
for 5-year OS-rate difference. All power values were higher 
than the commonly used cutoff of 80%.

Research has shown that adjuvant chemotherapy in 
patients with CRC is associated with long-term survival 
benefit after radical resection, and it is recommended that 
adjuvant chemotherapy be initiated as soon as the patient 
is medically able, where feasible within 12 weeks.34 POCs 
may delay adjuvant cancer treatment and decrease the 
completion rate, which thus portends poor prognosis. 
Duraes et al recently reported that POCs result in 
a lower chemotherapy-completion rate for patients with 
stage III CRC.28 In our study, we found POCs decreased 
the rate of adjuvant-chemotherapy treatment in elderly 
patients after radical CRC surgery.

In 2017, for the first time Slankamenac et al25 used the 
CCI as a composite outcome measure of postoperative 
morbidity to investigate readmission and long-term survi-
val in 284 patients under surgery for CRC, and found 
overall combined morbidity assessed by the CCI (treated 
as a continuous variable) led to more frequent readmission 
and was associated with poorer long-term survival. Since 
then, several studies have investigated the clinical value of 
the CCI in CRC. Carli et al35 used the CCI to measure 30- 
day POCs as primary outcome to compare effects of multi-
modal prehabilitation with postoperative rehabilitation in 
frail patients undergoing CRC resection. Dumitra et al36 

explored the relationship of two POC-grading schemas 
(CDC and CCI) with postoperative quality of life after 
elective CRC surgery, and found there was a more con-
sistent relationship between the CCI and postoperative 
health-related quality of life than CDC grades. However, 
few further studies have validated the associations 
between POCs evaluated by the CCI and long-term out-
comes in patients undergoing resection for primary CRC. 
In the present study, we, for the first time, determined the 
associations of POCs evaluated by the CCI with long-term 
OS and compared the ability of the CCI with CDC in 
predicting long-term OS of elderly patients undergoing 
radical CRC surgery. Our results suggested the CCI was 
significantly associated with long-term OS and exhibited 
a similar effect with CDC grades in predicting long-term 
OS in elderly patients undergoing radical CRC surgery.

There are several limitations in our study. Firstly, this was 
a single-center retrospective study, which might decrease the 
generalizability of the results. Secondly, this study included 
a heterogeneous population regarding tumor stage, tumor loca-
tion, surgery procedure, and treatment, and PSM could not 
offset all biases. In addition, we collected in-hospital compli-
cations only until the 30th postoperative day, so some patients’ 
complications might not have been recorded because they were 
discharged before the 30th postoperative day, which also intro-
duced bias. Thirdly, some patients were not followed up to 5 
years, which might impact the analysis of the effects of POCs 
on long-term prognosis. Finally, grade I complications, such as 
nausea, vomiting, and postoperative pain, were always not 
regarded as complications in clinical practice and not recorded 
in our database, resulting in the low rate of grade 
I complications in our study.

Conclusion
Both CDC grades and the CCI reflect POC burden and are 
both associated with poor long-term OS in elderly patients 
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undergoing radical resection for CRC. Better strategies to 
reduce POCs may improve long-term prognosis in elderly 
patients with CRC.

Data-Sharing Statement
Data supporting the findings of this study are available 
from the corresponding author, Yingchi Yang, upon rea-
sonable request.
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