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Summary

Purpose: We investigated the effectiveness of the Charl-
son comorbidity index (CCI) for predicting postoperative
30-day complications and long-term survival outcomes of
elderly patients who underwent laparoscopic surgery for
colon cancer with radical intent.

Methods: We reviewed 178 patients aged =70 years who
underwent laparoscopic surgery for colon cancer with rad-
ical intent between January 2008 and December 2015. Pa-
tients were divided into high CCI (CCI = 3; n=71) and low
CCI (CCI < 3; n=107) groups for comparative analyses of
differences in their short- and long-term outcomes.
Results: Postoperative 30-day complications were more
frequent in the high CCI group than in the low CCI group.

Introduction

Increased life expectancy has led to a progres-
sively aging population of patients with colon
cancer [1-3]. Although some studies have identi-
fied clinicopathological and prognostic factors of
elderly patients with colon cancer, their optimized
care strategies remain controversial [4-6]. Surgery
is a pivotal and common therapeutic option for
elderly patients with operable colon cancer [7].
Moreover, laparoscopic surgery for colon cancer
with radical intent is widely performed worldwide
[8-12]. Some published randomized controlled tri-
als have shown that laparoscopic surgery for colon
cancer achieves better short-term surgical out-
comes and similar long-term survival outcomes
compared with open surgery [8-12]. Nevertheless,

Logistic regression analysis revealed that a high CCI was
significantly predictive of postoperative 30-day complica-
tions. The 5-year overall survival (OS) rates were 65% and
54% for the low and high CCI groups, respectively (p=0.034)
and their 5-year disease-free survival (DFS) rates were 60%
and 47%, respectively (p=0.030).

Conclusion: CCI predicted the likelihood of postoperative
30-day complications and long-term survival outcomes of

elderly patients who underwent laparoscopic surgery for
colon cancer with radical intent.

Key words: Charlson comorbidity index, colectomy, colon
cancer, elderly, laparoscopy, minimally invasive surgery

elderly patients with colon cancer sometimes ex-
perience serious postoperative complications and
die because of colon cancer and/or concomitant
disease relatively soon after undergoing surgery.
To optimize the safety and quality of surgical
methods, including laparoscopic surgery, for el-
derly patients with colon cancer, it is important
to accurately predict the prognosis and risk of
postoperative complications. Several scoring sys-
tems, such as the CCI and National Cancer Insti-
tute (NCI) Comorbidity Index, comprehensively
evaluate the effects of patients’ comorbidities [13-
15]. CCI is the most widely used clinical scoring
system to predict the survival of patients with
malignancies [15]. Although some investigators
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found that CCI is useful for predicting outcomes
of patients with colon cancer [16-21], there are no
reports of its reliability for predicting postopera-
tive 30-day complications and long-term survival
outcomes, particularly for elderly patients with
colon cancer who undergo laparoscopic surgery.

Here, we conducted a retrospective study to
investigate the utility of CCI for evaluating el-
derly patients with colon cancer who underwent
laparoscopic surgery. For this purpose, we ana-
lyzed the correlation between their CCI scores
and the prevalence of postoperative 30-day com-
plications and evaluated their long-term survival
outcomes.

Methods

We reviewed 178 consecutive patients with co-
lon cancer aged =70 years and who underwent lapa-
roscopic surgery for colon cancer with radical intent
at our institution between January 2008 and January
2016. In general, candidates for laparoscopic surgery
had clinical stage I-III disease. Patients with clinical
T4 disease, N3 disease, and other malignant diseases
were not candidates for laparoscopic surgery, and we
excluded patients who underwent incomplete resec-
tion. Patients with disease that was initially classified
according to earlier staging classifications, such as the
6th Edition of the TNM classification, were reevaluated
according to the definitions of the 7th Edition [22-24].
Postoperative complications were defined as = grade 2
for significant severe complications, according to the
Clavien-Dindo classification system [25-29]. The tech-
nique of laparoscopic surgery with radical intent for
colon cancer has been described elsewhere [11].

We defined the CCI items according to the literature
[15]. Patients were scored using this CCI system and di-
vided into high and low CCI groups with a cut-off score
of 3 (low CCI group <3, n=107; high CCI group =3, n=71).

Follow-up data were collected from the outpatient
follow-up database. Patients were examined in the out-
patient department every 3 months for the first post-
operative year, every 4-5 months for the next 2 years,
and annually thereafter. The follow-up protocol was
as follows: CEA every 3-4 months; CT of brain, chest,
pelvis, and abdomen every 6 months; and annual en-
doscopic examination. If gastrointestinal symptoms
were reported, an additional examination was conduct-
ed when necessary [30-35]. OS was calculated from the
date of radical resection to the last follow-up visit or
death from any cause. DFS was assessed from the date
of radical resection until the date of cancer recurrence
or death from any cause. Follow-up was terminated
in October 2016. This study was approved by our in-
stitutional review board, although the need to obtain
written informed consent from patients was waived be-
cause of its retrospective design.

Statistics

Categorical variables are presented as frequencies
and percentages, and continuous variables are presented
as median values with range. Statistical analyses were
performed with the Chi-square test, Fisher’s exact test,
and Mann-Whitney U test for categorical and continu-
ous variables, respectively. Univariate and multivariate
analyses using a logistic regression model were per-
formed to identify predicting factors of postoperative
30-day complications. Results are expressed as odds ra-
tios (OD) with 95% confidence intervals (CI). OS and DFS
rates were estimated by the Kaplan-Meier method, with
differences in survival between groups compared by the
log-rank test. The Cox proportional hazard model was
used to identify significant predictive factors for patient
survival outcomes. All analyses were performed using
SPSS version 13 for Microsoft Windows version. p<0.05
was considered to be significant.

Results

Table 1 presents the clinicopathological char-
acteristics of the patients and their surgical out-

Table 1. Clinicopathological characteristics of the two
groups

Characteristics Low CCI High CCI  p value
group group
(n=107) (n=71)
Age, years, median 72 (70-75) 75 (72-79) 0.020
(range)
Sex (Male: Female) 41:66 26:45 0.819
ASA score, n (%) 0.034

I 77 (72.0) 43 (60.6)

II 23 (21.0) 11 (15.5)

III 7 (6.5) 17 (23.9)

BMI (kg/m?), 21 (17-26) 20 (17-28) 0.125
median (range)

Type of resection,

n (%)

Right 48 (44.9) 29 (40.8) 0.597

hemicolectomy

Left 38 (35.5) 28 (39.4) 0.596

hemicolectomy

Sigmoidectomy 21 (19.0) 14 (19.7) 0.988
Conversion, n (%) 11 (10.3) 8(11.3) 0.835
Operative time, min, 190 (160-280) 170 (140-240) 0.251
median (range)

Blood loss, ml, me- 140 (100-320) 160 (90-400) 0.108
dian (range)

Pathological stage

(pTNM) (7th AJCC- 0.864
UICC), n (%)

I 21 (19.6) 10 (14.1)

II 47 (13.9) 37 (52.3)

III 39 (36.4) 24 (33.8)
Retrieved lymph 15 (12-23) 16 (13-20)  0.289
nodes, median
(range)

Residual tumor 107/0/0 71/0/0 1.000
(RO/R1/R2)

CCI: Charlson Comorbidity Index
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comes. There were significant differences between
the two groups with respect to age (p=0.020),
American Society of Anesthesiologists (ASA)
score (p=0.034), and postoperative 30-day com-
plications (p=0.008). Table 2 presents the postop-
erative 30-day complications of the two groups.

Table 2. Postoperative 30-day complications of the
two groups

Complications Low CCI  High CCI  p value
group group
(n=107) (n=71)
Postoperative 30-day 11 (10.3) 18 (25.4) 0.008
complications, n (%)
Pneumonia, n (%) 2(1.9) 7 (10.0) 0.042
Anastomotic leakage, 4 (3.7) 2(2.8) 1.000
n (%)
Intra-abdominal bleed- 1(0.9) 2(2.8) 0.718
ing, n (%)
Intra-abdominal ab- 2(1.9) 2(2.8) 1.000
scess, n (%)
Arrhythmia, n (%) 1(0.9) 3(4.2) 0.350
Acute coronary syn- 1(0.9) 2(2.8) 0.718

drome, n (%)
CCI: Charlson Comorbidity Index

The prevalence of postoperative 30-day complica-
tions, particularly for pneumonia (p=0.042), was
significantly higher in the high CCI group. Table
3 presents the results of univariate and multivar-
iate analyses of factors that predicted postoper-
ative 30-day complications. Univariate analysis
revealed that age, CCI, and ASA score were signif-
icant predictors of postoperative 30-day compli-
cations, and multivariate analysis identified only
CCI as a significant predictor of postoperative 30-
day complications (p=0.035; odds ratio 2.574; 95
% CI 1.258-3.584).

Table 4 presents the follow-up data for the
two groups. During follow-up, the high and low
CCI groups had similar disease recurrence rates,
but the patients in the high CCI group were less
likely to undergo treatment for cancer recurrence.
The high CCI group had a high mortality rate, and

Table 4. Follow-up data of the two groups

Outcomes Low CCI  High CCI 14
group group value
(n=107) (n=71)
Tumor recurrence, n (%) 25(23.3) 19(26.8) 0.607
Treat cancer recurrence 23(21.5) 12(16.9) 0450
with radical intent, n (%)
Mortality, n (%) 22 (20.6) 25(35.2) 0.030
Died of cancer, n (%) 19(17.8) 15(21.1) 0.575
Died of non-cancer-re- 3 (2.8) 10 (19.1) 0.006

lated diseases

CCI: Charlson Comorbidity Index

more patients died of diseases unrelated to cancer
compared with those in the low CCI group.

The 5-year OS rates of the low and high CCI
groups were 65% and 54%, respectively (p=0.034)
(Figure 1). Table 5 presents the results of univar-
iate and multivariate analyses of prognostic fac-
tors of OS. In univariate analysis, age, TNM stage,
and CCI were significant prognostic factors of OS,
and TNM stage and CCI were significant prognos-
tic factors in the multivariate analysis.

The 5-year DFS rates of the low and high CCI
groups were 60% and 47%, respectively (p=0.030)
(Figure 2). Table 6 presents the results of univari-
ate and multivariate analyses of prognostic factors
of DFS. Univariate analysis identified age, TNM
stage and CCI as significant prognostic factors of
OS, and multivariate analysis identified only CCI
as a significant prognostic factor.

Discussion

The incidence of colon cancer in older patients
is expected to increase as the general population
ages, particularly in countries such as China, Ja-
pan, and Korea. Although standard treatments for
colon cancer are applicable to elderly patients,
limited data are available for long-term outcomes
of their treatments, making the development of
evidence-based treatment recommendations chal-
lenging [30].

Table 3. Univariate and multivariate analyses of factors for postoperative 30-day complications

Factors Univariate Multivariate

favorable vs unfavorable p value OR 95% CI p value
Age <75 vs = 75 years 0.040 1.145 0.458-1.650 0.203
Sex Male vs. Female 0.308 - - -
CCI Low vs High CCI 0.008 2.574 1.258 - 3.584 0.035
Blood loss <300 vs =300ml 0.102 - -
Cancer stage I-1I vs = III 0.098 - -
ASA score I-II vs = III 0.031 1.236 0.652 - 1.801 0.096

CCI: Charlson Comorbidity Index, OR: odds ratio, 95% CI: 95% confidence interval
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Table 5. Univariate and multivariate analyses for predictive factors of overall survival

Factors Univariate Multivariate

favorable vs unfavorable p value OR 95% CI p value
Age <75 vs = 75 years 0.043 1.230 0.505 - 1.658 0.090
Sex Male vs female 0.369 - - -
CCI Low vs High CCI 0.034 2.302 1.205 - 3.895 0.010
Blood loss <300 vs =300ml 0.108 - - -
ASA score I-1I vs = ITI 0.305 - - -
Cancer stage [-IIvs = III 0.018 1.985 1.358 - 2.548 0.026

OR:odds ratio, 95% CI:95% confidence interval, CCI:Charlson Comorbidity Index

Table 6. Univariate and multivariate analyses for predictive factors of disease-free survival

Factors Univariate Multivariate
favorable vs unfavorable p value OR 95% CI p value
Age <75 vs = 75 years 0.015 1.205 0.789-1.962 0.092
Sex Male vs female 0.129 - - -
CCI Low vs high CCI 0.030 1.658 1.230-3.695 0.008
Blood loss <300 vs =300ml 0.300 - - -
ASA score I-II vs = III 0.309 1.126 0.426-1.560 0.103
Cancer stage I-1I vs = III 0.044 1.505 0.875-1.687 0.308
OR: odds ratio, 95% CI: 95% confidence interval, CCI: Charlson Comorbidity Index
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Figure 1. Kaplan-Meijer overall survival of the two
groups.

In the present study, we analyzed elderly pa-
tients who underwent laparoscopic surgery with
radical intent. Laparoscopic surgery is an attrac-
tive option for elderly patients because of its low
invasiveness. Patients who undergo laparoscopic
surgery for colon cancer are hospitalized for short-
er times and experience fewer postoperative com-
plications compared with those who undergo open
surgery [8-12]. Hinoi et al. performed a retrospec-
tive multicenter, matched case-control study of el-

Figure 2. Kaplan-Meier disease-free survival of the
two groups.

derly patients who underwent laparoscopic surgery
for colon cancer and found that the laparoscopic
approach is associated with fewer complications as
well as with shorter hospitalization compared with
open surgery [37]. Moon et al. reported that a lapa-
roscopic approach for colon cancer reduces postop-
erative morbidity in elderly patients and shortens
hospitalization [38]. Therefore, laparoscopic surgery
is likely the most appropriate approach for treating
elderly patients with colon cancer in the future.
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Many elderly patients with colon cancer have
comorbidities; however, these patients represent
a heterogeneous group, and their physiological
status cannot be predicted simply according to
age. Determining clinical scores using weight-
ed comorbid conditions is useful for evaluating
patients’ physiological function and predicting
postoperative morbidity and mortality. The most
widely used scoring index is the validated CCI
[13-15], which was used in several studies of can-
cer and in studies of elderly patients with cancer.

Several scoring systems, such as the Adult Co-
morbidity Evaluation-27 (ACE-27), National Insti-
tute on Aging (NIA), and NCI Comorbidity Index,
were developed through the analysis of the litera-
ture [13-15]. Each system has advantages and disad-
vantages. For example, the comprehensive ACE-27
index accounts for disease severity when assessing
the comorbidity burden. In contrast, the comprehen-
sive NIA/NCI index does not consider disease sever-
ity. CCI is not as comprehensive compared with the
others, although it weighs conditions according to
the clinical significance. CCI is the most widely used
among these scoring systems, according to the lit-
erature, and the CCI can be applied to most malig-
nancies [13-15]. Here, CCI was a significant predictor
of postoperative 30-day complications in elderly pa-
tients with colon cancer. For example, the total inci-
dence of postoperative 30-day complications in the
high CCI group was 25.4%, and the most common
complication was pneumonia.

With some variations, patient outcomes in
our study showed greater differences in OS be-
tween the low and high CCI groups compared
with DFS, which reflects the higher mortality
from diseases unrelated to cancer in the high CCI

References

1. Torre LA, Bray F, Siegel RL et al. Global cancer statis-
tics, 2012. CA Cancer J Clin 2015;65:87-108.

2. Patricia Rios-Ibarra C, Janeth Rodriguez-Silva C,
Alonso Lopez-Chukeny et al. Thymidylate synthase
polymorphism in Mexican patients with colon cancer
treated with 5-fluorouracil. JBUON 2016;21:935-940.

3. Demir S, Turan I, Aliyazicioglu Y. Selective cytotoxic
effect of Rhododendron luteum extract on human co-
lon and liver cancer cells. JBUON 2016;21:883-888.

JBUON 2017; 22(3): 690

group. These findings indicate that close attention
must be directed to cancer and other diseases. The
high CCI group had lower OS and DFS, most likely
because a high CCI score may hinder treatment
for cancer recurrence, such as a second surgery,
radiotherapy, or chemotherapy. Multivariate anal-
yses revealed that CCI independently predicted
postoperative complications and long-term sur-
vival outcomes in patients with colon cancer who
underwent laparoscopic surgery.

This study has certain limitations. First, the
study was retrospective, and the comorbidities
were derived from medical records that varied in
completeness. Second, the sample size was rela-
tively small, and therefore, insufficient to reach
definitive conclusions. Thus, the statistical power
might have been insufficient, and a study of more
subjects will be required to confirm these results.

Conclusion

CCI provided useful information about post-
operative complications and the prognosis of el-
derly patients who underwent laparoscopic sur-
gery for colon cancer with radical intent. There-
fore, CCI may serve as an effective component of
the pretreatment work.
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