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matching analysis
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and Mingqiang Kang1,2,3,4,5*

1Department of Thoracic Surgery, Fujian Medical University Union Hospital, Fuzhou, China, 2Key
Laboratory of Ministry of Education for Gastrointestinal Cancer, Fujian Medical University,
Fuzhou, China, 3Fujian Key Laboratory of Tumor Microbiology, Fujian Medical University,
Fuzhou, China, 4Clinical Research Center for Thoracic Tumors of Fujian Province, Fuzhou, China,
5Key Laboratory of Cardio-Thoracic Surgery, Fujian Medical University, Fuzhou, China
Introduction: The comprehensive complication index (CCI) is a valuable index to

comprehensively and systematically evaluate complication severity. This study

aimed to evaluate the predictive ability of comprehensive complication index on

short- and long-term overall survival(OS) in patients with esophageal squamous

cel l carcinoma (ESCC) undergoing Mckeown minimal ly invas ive

esophagectomy (MIE).

Methods: A total of 320 patients treated with radical MIE from 2013 to 2017 were

included, and the primary outcome was OS. Firstly, the optimal cut-off value of

CCI was determined by X-tile. Propensity score matching(PSM) was used to

balance the baseline characteristics. Second, postoperative hospital stay and

hospital costs between high- and low-CCI groups were compared. Third, the

Kaplan-Meier survival curve was used to analyze survival differences. Fourth, Cox

analysis was used to explore the risk factors of OS. Fifth, univariate and

multivariate logistic analysis was used to determine the risk factors of high CCI.

Results: The patients with CCI > 24.2 was defined as high-CCI group, and those

with CCI ≤ 24.2 were assigned to low-CCI group. The high-CCI group had more

hospital costs and longer hospital stays than the low-CCI group before and after

PSM (both p<0.001). The Kaplan-Meier survival curve indicated that high-CCI

group had worse prognosis both before and after PSM (before matching:

P<0.001; after matching: P = 0.01). CCI was determined as an independent

prognostic factor (before PSM, P = 0.001; after PSM, P = 0.003).
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Conclusion: The CCI could quantify postoperative complications after

esophagectomy. High CCI was associated with longer postoperative hospital

stays and expenses and is an independent risk factor for poor OS, holding great

vlaue for reference for medical insurance, surgical qual i ty and

prognosis management.
KEYWORDS

overall survival, comprehensive complication index, Clavein-Dindo classification,
minimally invasive esophagectomy, esophageal squamous cell carcinoma
1 Introduction

Esophageal cancer (EC) is one of the most common and

challenging types of cancer, with 572,000 new cases diagnosed

each year and 500,000 deaths (1). At present, due to population

aging, EC mainly occurs in middle-aged and elderly people, with the

average age of diagnosis being 67 years old, and about 30% of

patients are over 75 years old (2, 3). For patients with EC, surgical

resection is the main treatment. Although minimally invasive

esophagectomy (MIE) has become a popular surgical method in

recent years to reduce postoperative complications, the incidence of

postoperative complications is still relatively high (4).

Postoperative complications were often considered practical

indicators to evaluate surgical quality, surgical safety. Review the

history of medical classification of complications, from the initial

simple classification of complications into major complications and

minor complications (5). Then, the Clavien-Dindo complication

classification is created, and complication classification is used to

evaluate the postoperative complications (6). However, surgeons

often only focus on severe complications and ignore other minor

complications. The lack of a comprehensive assessment of all

postoperative complications in the Clavien-Dindo complication

has led clinicians to propose a CCI that provides a comprehensive

picture of the true overall complication profile. The CCI has been

confirmed as a comprehensive prognostic factor for the short-term

and long-term outcomes in patients with gastric cancer (7). The role

of CCI in patients undergoing MIE for ESCC was still unclear.

Compared with open esophagectomy, MIE could accelerate the

perioperative recovery of patients without affecting the long-term

prognosis in patients with EC (8, 9). Postoperative complications

after MIE (such as anastomotic leakage) could greatly affect the

prognosis of EC (10, 11). Perioperative medical quality (especially the

avoidance and management of complications) also has a profound

impact on the long-term survival of patients with esophageal cancer

(12). However, the impact of one specified complication for

postoperative complications was still controversial. This difference

was partly due to the fact that Clavien-Dindo complication grading

could only provide a qualitative evaluation rather than a quantitative

evaluation of postoperative complications. In this study, we aimed to

investigate the predictive ability of the CCI for short-term prognosis
02
(postoperative hospital stay and surgical cost) and long-term

prognosis (overall survival, OS) in patients undergoing MIE for

esophageal squamous cell carcinoma (ESCC).
2 Methods

2.1 Patient selection

Patients who underwent MIE at Fujian Medical University

between October 1, 2013 and December 31, 2017 were selected.

This study was approved by the Institutional Review Board in Fujian

Medical University Union Hospital(IRB number 2022YK202).

Inclusion criteria were as follows: 1. Radical Mckeown MIE; 2.

Diagnosed with ESCC; 3. Received perioperative treatment

(including preoperative examination, operation, and postoperative

nursing); 4. No contraindications of surgery. The exclusion criteria

were as follows: 1. incomplete clinical data; 2. Patients who received

neoadjuvant therapy were excluded due to the small sample size

before 2017 and potential survival differences among regimens, to

avoid bias; 3.Patients diagnosed with cM1.The details of the patient

selection and analysis flowchart are presented in Figure 1.
2.2 Data collection and outcome definition

In this study, the primary outcome was overall survival (OS),

which was defined as the time from surgery to death or the last

follow-up. The secondary outcomes were postoperative hospital

stay and hospital costs. Postoperative complications Clavien-Dindo

≥ 3a were defined as major complications, and postoperative

complications Clavien-Dindo < 3a was defined as minor

complication (13). Naples score (NPS) was calculated based on

the dichotomous variables of neutrophil/lymphocyte ratio,

lymphocyte/monocyte ratio, serum albumin, and total cholesterol

(14). NPS = 0 was defined as a low Naples score, NPS = 1 or 2 was

defined as a medium Naples score, and NPS = 3 or 4 was defined as

a high Naples score (15). Preoperative comorbidities were graded

using the Charson comorbidities Index. Patients with a Charson

index of less than or equal to 1 point were considered a low-risk
frontiersin.org
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group, while patients with a Charson index of more than 1 point

were considered a high-risk group (16, 17).
2.3 Treatment protocol

All patients underwent MIE, including gastroesophageal

replacement for digestive tract reconstruction and left cervical
Frontiers in Oncology 03
anastomosis (McKeown operation, 18, 19). Thoracic and

abdominal lymph nodes were routinely dissected, and three-field

lymph node dissection was performed for patients with suspected

cervical lymph node metastasis. During the periof of 2013 to 2017,

patients diagnosed with cT1–2 or cN0 were recommended to receive

surgery first. Some patients with cT3 or cN+ underwent surgery

first, based on surgical feasibility assessed by the surgeon and the

patient’s treatment preference.
FIGURE 1

Patient selection and statistical analysis flow chart.
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Patients were followed up every 3 to 6 months in the first and

second years and every six months in the third year. The patients

were followed up once a year from the fifth year after surgery.
2.4 Calculation of CCI

The CCI was calculated based on the Clavien-Dindo grading

system to reflect the comprehensive severity of postoperative

complications. The formula was the sum of ownership weights

divided by the square root of 2 equals the CCI. The final detailed

formula for the CCI was: CCI = √ (median reference value from

physicians(MRVphys) × median reference value from patients

(MRVpat)/2. The value of CCI was continuous, ranging from 0

(no complications) to 100 (death). We used the online calculator

(http://www.assessurgery.com) to calculate CCI (20).
2.5 Statistical analysis

Categorical variables were expressed as percentages and compared

with the Chi-square test/Fisher exact test. Continuous variables were

represented by medians and compared by theMann-Whitney U test. In

this study, X-tile software was used to calculate the optimal cut-off value

of the CCI (21, 22). The operative duration was divided into the long-

and short- duration group using the receiver operating characteristic

curve. First, PSM was used to match the variables with differences

between the two groups. The caliper value was set as 0.02, and the

matching ratio was 1:1. The paramaters includes sex, age, BMI, Charson

comorbidity index, tumor location, smoking history, CEA, vascular

tumor thrombus, T stage, N stage, Grade, NPS and adjuvant therapy.

Secondly, the postoperative hospital stay and postoperative

hospitalization cost between the two groups were compared. Third,

independent risk factors were determined by univariate andmultivariate

Cox regression analysis (23). Statistical analysis was performed using X-

tile 3.6.1 software (Yale University, USA) and R software version 4.0.5

(http://www.r-project.org). All statistical test levels considered a P

value less than 0.05 to be statistically significant.
3 Results

3.1 Patient characteristics

A total of 320 patients were included in this study. 258 (80.62%)

patients were ≤65 years old, and 240 (75%) were males. All patients

underwent McKeown MIE, and 302 patients (94.38%) underwent

2-field lymph node dissection. The detail information of ESCC

patients was shown in Supplementary Table S1.
3.2 Comparison of high-CCI group and
low-CCI group before and after PSM

The X-tile software determined an optimal CCI cutoff of 24.2,

dividing patients into high- and low-CCI groups. Before PSM, there
Frontiers in Oncology 04
were significant differences in T stage between the groups. After

PSM, the baseline characteristics were balanced, as is shown

in Table 1.

The high CCI group had more medical expenses than the

low CCI group (before PSM: 97098yuan vs. 84832yuan, P<0.001;

after PSM: 99342yuan vs. 84590yuan, P<0.001) and longer

hospital stays after surgery (before PSM:16 days vs. 9 days,

P<0.001; after PSM: 16 days vs. 9 days, P<0.001), as is shown in

Supplementary Table S2.

Besides, the comparisons of detailed complications between the

two groups before and after PSM were summarized in Table 2.
3.3 Survival analysis of CCI before and after
PSM

Kaplan-Meier survival curves were analyzed for groups with

high- and low- CCIs before and after PSM. Before matching,

patients in the high-CCI group had worse survival outcomes than

those in the low-CCI group (Figure 2A, P < 0.001). After matching,

patients with the higher CCI still showed a worse prognosis

(Figure 2B, P < 0.001).

Before PSM, univariate Cox analysis showed that the

influencing factors of OS after esophageal cancer surgery were

vascular thrombus, T stage, N stage, adjuvant therapy, CCI and

NPS score. In the following multivariate Cox analysis, the

independent influencing factors of OS were T stage, N stage, and

CCI (P < 0.001). Similarlly, after PSM, univariate and multivariate

Cox analysis showed the independent influencing factors were the T

stage, N stage, and CCI (P = 0.015), as is shown in Table 3.
3.4 Subgroup analysis of CCI before and
after PSM

Before PSM, patients with a higher CCI exhibited significantly

worse survival outcomes within the subgroups of medium and high

Naples scores compared to those with a lower CCI (Figures 3B, C).

However, there were no survival difference between two group in

the subgroup of low Naples score (Figure 3A). Following PSM, the

survival advantage of the low CCI group remained evident in the

medium Naples subgroup (Figure 3E). Additionally, in the high

Naples score subgroup, a trend toward improved survival was

observed in low-CCI group (Figure 3F). Similarly, no survival

difference was observed between two group in the subgroup of

low Naples score after PSM (Figure 3D).

A statistically significant difference in survival outcomes

between the high and low CCI groups was observed both before

and after PSM in the subgroup of patients with a low charlson

comorbidity score (Figures 3G, I). Similarly, a significant survival

disparity between these two groups was also present in the subgroup

of patients aged≤65 years, as is shown in Figures 3K, M. While, the

low CCl group had similar survival with the high CCI group in

terms of patients with high charlson score (Figures 3H, J)and

patients aged over 65 (Figures 3L, N).
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TABLE 1 The baseline characteristics between high CCI group and low CCI group before and after PSM.

Contents
Before PSM After PSM

Low CCI group High CCI group P Low CCI group High CCI group P

Sex 0.225 1.000

male 150 (72.82%) 90 (78.95%) 87 (79.09%) 87 (79.09%)

female 56 (27.18%) 24 (21.05%) 23 (20.91%) 23 (20.91%)

Age 0.147 0.873

≤65 171 (83.01%) 87 (76.32%) 84 (76.36%) 85 (77.27%)

>65 35 (16.99%) 27 (23.68%) 26 (23.64%) 25 (22.73%)

BMI 0.182 0.964

≤ 18.5 24 (11.65%) 7 (6.14%) 8 (7.27%) 7 (6.36%)

18.5–25 147 (71.36%) 91 (79.82%) 86 (78.18%) 87 (79.09%)

>25 35 (16.99%) 16 (14.04%) 16 (14.55%) 16 (14.55%)

Charson comorbidity index 0.94 1.000

0-1 192 (93.20%) 106 (92.98%) 102 (92.73%) 102 (92.73%)

≥2 14 (6.80%) 8 (7.02%) 8 (7.27%) 8 (7.27%)

Tumor location 0.751 0.881

upper 17 (8.25%) 12 (10.53%) 13 (11.82%) 11 (10.00%)

middle 146 (70.87%) 77 (67.54%) 75 (68.18%) 75 (68.18%)

lower 43 (20.87%) 25 (21.93%) 22 (20.00%) 24 (21.82%)

Smoking history 0.131 0.779

no 92 (44.66%) 41 (35.96%) 39 (35.45%) 41 (37.27%)

yes 114 (55.34%) 73 (64.04%) 71 (64.55%) 69 (62.73%)

CEA 0.354 1.000

normal 189 (91.75%) 101 (88.60%) 98 (89.09%) 98 (89.09%)

abnormal 17 (8.25%) 13 (11.40%) 12 (10.91%) 12 (10.91%)

Vascular tumor thrombus 0.052 0.762

negative 166 (80.58%) 81 (71.05%) 79 (71.82%) 81 (73.64%)

positive 40 (19.42%) 33 (28.95%) 31 (28.18%) 29 (26.36%)

T stage <0.001 0.697

T1 78 (37.86%) 26 (22.81%) 30 (27.27%) 26 (23.64%)

T2 37 (17.96%) 12 (10.53%) 9 (8.18%) 12 (10.91%)

T3 91 (44.17%) 76 (66.67%) 71 (64.55%) 72 (65.45%)

N stage 0.245 0.604

N0 123 (59.71%) 55 (48.25%) 63 (57.27%) 54 (49.09%)

N1 43 (20.87%) 33 (28.95%) 23 (20.91%) 30 (27.27%)

N2 34 (16.50%) 22 (19.30%) 21 (19.09%) 22 (20.00%)

N3 6 (2.91%) 4 (3.51%) 3 (2.73%) 4 (3.64%)

Grade 0.427 0.96

G1 72 (34.95%) 47 (41.23%) 46 (41.82%) 44 (40.00%)

(Continued)
F
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TABLE 1 Continued

Contents
Before PSM After PSM

Low CCI group High CCI group P Low CCI group High CCI group P

G2 115 (55.83%) 55 (48.25%) 52 (47.27%) 54 (49.09%)

G3 19 (9.22%) 12 (10.53%) 12 (10.91%) 12 (10.91%)

NPS score 0.480 0.782

0 61 (29.61%) 28 (24.56%) 32 (29.09%) 28 (25.45%)

1-2 114 (55.34%) 71 (62.28%) 63 (57.27%) 68 (61.82%)

3-4 31 (15.05%) 15 (13.16%) 15 (13.64%) 14 (12.73%)

Adjuvant therapy 0.906 0.893

no 99 (48.06%) 54 (47.37%) 52 (47.27%) 51 (46.36%)

yes 107 (51.94%) 60 (52.63%) 58 (52.73%) 59 (53.64%)
F
rontiers in Oncology
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 f
TABLE 2 The comparisons of detailed complications between high CCI group and low CCI group before and after PSM.

Contents
Before PSM After PSM

Low CCI group High CCI group P Low CCI group High CCI group P

Pneumonia <0.001 <0.001

no 192 (93.20%) 26 (22.81%) 102 (92.73%) 26 (23.64%)

yes 14 (6.80%) 88 (77.19%) 8 (7.27%) 84 (76.36%)

Pleural Effusion <0.001 <0.001

no 200 (97.09%) 81 (71.05%) 107 (97.27%) 78 (70.91%)

yes 6 (2.91%) 33 (28.95%) 3 (2.73%) 32 (29.09%)

Pneumothorax 0.001 0.072

no 204 (99.03%) 104 (91.23%) 109 (99.09%) 103 (93.64%)

yes 2 (0.97%) 10 (8.77%) 1 (0.91%) 7 (6.36%)

Intestinal bleeding or
obstruction

0.241 0.366

no 204 (99.03%) 110 (96.49%) 109 (99.09%) 106 (96.36%)

yes 2 (0.97%) 4 (3.51%) 1 (0.91%) 4 (3.64%)

Arrhythmia <0.001 0.002

no 203 (98.54%) 97 (85.09%) 107 (97.27%) 94 (85.45%)

yes 3 (1.46%) 17 (14.91%) 3 (2.73%) 16 (14.55%)

Anastomotic leakage <0.001 <0.001

no 200 (97.09%) 65 (57.02%) 108 (98.18%) 63 (57.27%)

yes 6 (2.91%) 49 (42.98%) 2 (1.82%) 47 (42.73%)

Liver dysfunction <0.001 <0.001

no 157 (76.21%) 58 (50.88%) 90 (81.82%) 57 (51.82%)

yes 49 (23.79%) 56 (49.12%) 20 (18.18%) 53 (48.18%)

Recurrent laryngeal nerve injury 0.313 0.614

(Continued)
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3.5 Univariate and multivariate logistic
analysis of high CCI

By the receiver operating characteristic curve, the operative

time was divided into long duration group (≥278.5mins) and short

duration group(<278.5mins). Univariate logistics indicated that
Frontiers in Oncology 07
clinical T stage, clinical N stage, intraoperative blood loss,

and operation time were potential risk factors for high CCI

(P<0.05). Further multivariate logistic analysis using the forward

method confirmed that intraoperative bleeding (P = 0.003) was

independent risk factors of high CCI, as is shown in Supplementary

Table S4.
TABLE 2 Continued

Contents
Before PSM After PSM

Low CCI group High CCI group P Low CCI group High CCI group P

no 199 (96.60%) 113 (99.12%) 107 (97.27%) 109 (99.09%)

yes 7 (3.40%) 1 (0.88%) 3 (2.73%) 1 (0.91%)

Surgical Site Infection 0.241 0.679

no 204 (99.03%) 110 (96.49%) 108 (98.18%) 106 (96.36%)

yes 2 (0.97%) 4 (3.51%) 2 (1.82%) 4 (3.64%)

Chylous Leakage 0.106 0.366

no 205 (99.51%) 110 (96.49%) 109 (99.09%) 106 (96.36%)

yes 1 (0.49%) 4 (3.51%) 1 (0.91%) 4 (3.64%)
FIGURE 2

The Kaplan-Meier curve analysis compares the overall survival between the high-CCI group and the low-CCI group before (A) and after matching (B).
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TABLE 3 The univariate and multivariate Cox analysis for OS before PSM and after PSM.

Contents

before PSM after PSM

Univariate HR
(95%CI)

P
Multivariate HR

(95%CI)
P

Univariate HR
(95%CI)

P
Multivariate HR

(95%CI)
P

Sex

male Reference Reference

female 0.65 (0.39 ~ 1.06) 0.086 0.72 (0.40 ~ 1.27) 0.255

Age

≤65 Reference Reference

>65 1.43 (0.91 ~ 2.25) 0.123 1.04 (0.63 ~ 1.72) 0.887

BMI

≤ 18.5 Reference Reference

18.5–25 0.92 (0.47 ~ 1.78) 0.798 0.69 (0.32 ~ 1.52) 0.359

>25 1.08 (0.50 ~ 2.35) 0.84 0.71 (0.28 ~ 1.81) 0.475

Charson comorbidity index

0-1 Reference Reference

≥2 0.80 (0.35 ~ 1.83) 0.596 0.73 (0.30 ~ 1.81) 0.496

Tumor
location

upper Reference Reference

middle 1.86 (0.81 ~ 4.28) 0.145 2.06 (0.89 ~ 4.77) 0.092

lower 1.80 (0.73 ~ 4.45) 0.200 1.50 (0.58 ~ 3.87) 0.401

Smoking history

no Reference Reference

yes 1.33 (0.88 ~ 1.99) 0.177 1.22 (0.77 ~ 1.94) 0.388

CEA

normal Reference Reference

abnormal 0.92 (0.46 ~ 1.82) 0.809 0.95 (0.47 ~ 1.89) 0.875

Vascular tumor thrombus

negative Reference Reference

positive 2.34 (1.56 ~ 3.51) <0.001 2.02 (1.30 ~ 3.13) 0.002

T stage

T1 Reference Reference Reference Reference

T2 2.55 (1.20 ~ 5.43) 0.015 1.99 (0.92 ~ 4.29) 0.081 3.84 (1.43 ~ 10.32) 0.008 2.83 (1.04 ~ 7.68) 0.042

T3 4.79 (2.65 ~ 8.66) <0.001 2.70 (1.44 ~ 5.06) 0.002 4.90 (2.25 ~ 10.68) <0.001 2.70 (1.19 ~ 6.13) 0.017

N stage

N0 Reference Reference Reference Reference

N1 2.56 (1.53 ~ 4.28) <0.001 1.96 (1.16 ~ 3.32) 0.012 3.06 (1.70 ~ 5.50) <0.001 2.47 (1.36 ~ 4.49) 0.003

N2 5.16 (3.15 ~ 8.44) <0.001 3.70 (2.20 ~ 6.21) <0.001 6.18 (3.55 ~ 10.78) <0.001 4.81 (2.67 ~ 8.64) <0.001

N3 8.51 (3.88 ~ 18.66) <0.001 6.06 (2.71 ~ 13.53) <0.001 10.64 (4.24 ~ 26.71) <0.001 6.98 (2.70 ~ 18.02) <0.001

(Continued)
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TABLE 3 Continued

Contents

before PSM after PSM

Univariate HR
(95%CI)

P
Multivariate HR

(95%CI)
P

Univariate HR
(95%CI)

P
Multivariate HR

(95%CI)
P

Grade

G1 Reference Reference

G2 1.13 (0.74 ~ 1.73) 0.572 1.27 (0.79 ~ 2.02) 0.322

G3 1.00 (0.49 ~ 2.02) 0.998 1.03 (0.49 ~ 2.18) 0.93

NPS score

0 Reference Reference

1-2 1.73 (1.04 ~ 2.88) 0.036 1.68 (0.95 ~ 2.99) 0.076

3-4 1.70 (0.88 ~ 3.31) 0.117 2.21 (1.07 ~ 4.58) 0.033

Adjuvant therapy

no Reference Reference

yes 1.94 (1.28 ~ 2.94) 0.002 1.57 (1.01 ~ 2.46) 0.050

CCI

low-CCI Reference Reference Reference Reference

high-CCI 2.24 (1.51 ~ 3.32) <0.001 1.93 (1.29 ~ 2.88) 0.001 1.79 (1.15 ~ 2.78) 0.010 1.75 (1.12 ~ 2.73) 0.015
F
rontiers in Onco
logy 09
 frontie
FIGURE 3

The Kaplan-Meier curve analysis between the high-CCI group and the low-CCI group in the subgroup of low-NPS (A, D), medium-NPS (B, E), high-
NPS (C, F), low-Charlson index (G, I), high-Charlson index (H, J), age ≤ 65 (K, M) and age > 65 (L, N) before and after PSM.
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4 Discussion

Early postoperative complications reflect short-term outcomes and

may negatively affect the long-term prognosis by prolonging

inflammation and increasing immunosuppression, thus promoting

tumor recurrence and metastasis (24–26). Studies have shown that

maintaining strong cellular immunity and controlling excessive

catecholamine and prostaglandin responses during the perioperative

period can reduce immune suppression, tumor recurrence, benefiting

both short- and long-term survival (27). However, the link between

postoperative complications and long-term survival in EC patients

remains unclear (28–30). While complications generally harm long-

term survival, the system of Clavien-Dindo grades have not shown

significant prognostic differences in ESCC (31, 32). This may be due to

the low sensitivity of Clavien-Dindo grading in predicting survival

outcomes. Recently, the concept of textbook outcome has been

introduced as a new way to assess complications and predict

prognosis in ESCC (33). However, textbook outcome still relies on

Clavien-Dindo grading, which may not fully capture the complexity of

complications. Previous studies suggested that the CCI was more

sensitive than traditional classifications (34–36). Therefore, this study

aimed to evaluate the value of CCI in predicting both short- and long-

term outcomes in ESCC patients.

Our results showed that the survival outcomes between higg-

CCI group and low-CCI group were statistically different. The

Kaplan-Meier survival analysis indicated that patients with high

CCI had worse prognosis both before and after PSM. Cox analysis

further confirmed that CCI was an independent risk factor of OS.

This was consistent with the report from Kudo T et al. (37).

However, therer are several advantages of our study. First, the

larger sample size strengthened the reliability of our findings.

Second, surgical approaches for esophageal cancer differ in their

impact on postoperative complications; therefore, we focused on

patients who underwent the McKeown procedure to minimize

confounding. Third, subgroup analysis confirmed the prognostic

value of CCI. Notably, this value was evident not only in patients

with moderate to high Naples scores, but also in those with low

Charlson index scores and in younger patients. This suggests that

CCI-based assessment of complications provides independent

prognostic information that complements existing risk

stratification tools, even in traditionally low-risk groups.

Thoerically, CCI could provide a more comprehensive evaluation

of postoperative complications, more accurately reflecting the severity

of postoperative complications and the influence of postoperative

complications on the level of systemic inflammatory response and

degree of immunosuppression (38). For example, for patients

experiencing one Clavien-Dindo grade 2 complication or combined

with two grade 1 postoperative complications, the CCI score does not

exceed 24.2. In contrast, for patients with at least one complication of

Clavien-Dindo grade 3 or higher (severe complications), the CCI

score exceeds 24.2. When the Clavien-Dindo classification system is

used to evaluate the impact of postoperative complications on

prognosis, the assessment typically considers only the most severe

complication, thereby overlooking the contribution of less severe

events. Therefore, utilizing the CCI for a comprehensive evaluation of
Frontiers in Oncology 10
postoperative complications allows for a more holistic understanding

of their impact on long-term patient outcomes.

Compared with other complication grading methods, CCI is

more strongly correlated with length of stay and cost of stay (39). This

study supported that the high-CCI group had longer hospital stays

and higher surgical costs. Longer hospital stays and higher medical

costs were a huge economic and psychological burden for patients

and their families, which suggested that we should actively prevent

and effectively treat complications. Meanwhile, given the strong

correlation between CCI and postoperative hospitalization costs,

CCI may be a potential reference index for insurance settlement.

T stage and N stage were aslo identified as independent risk

factors of OS, which is similar with other studies (40). In this study,

the Naples score and Charlson status were not identified as

independent risk factors. This outcome may be attributed to the

fact that these two measures primarily reflect short-term nutritional

status and, consequently, are insufficient to comprehensively

capture long-term nutritional conditions (16). Current evidence

suggests that the clinical benefits of adjuvant therapy may vary

depending on the patient’s condition. Adjuvant therapy is

associated with survival benefits in patients with lymph node

positivity (41), but not in those without lymph node metastasis

(42). Therefore, when developing individualized treatment

strategies, it is important to evaluate the patient’s clinical status,

the risk of postoperative complications, and the potential benefits of

adjuvant therapy to support more precise and tailored decisions.

Smoking status is not identified as an independent risk factor for

OS, and this finding aligns with previous research (43). This study

also found more intraoperative blood loss were associated with high

CCI, which was similar with previous study (44).

This study has several limitations. Despite the establishment of

stringent criteria, certain limitations inherent to retrospective

matched analyses were unavoidable. Additionally, treatment

approaches for similar postoperative complications may differ

across centers or groups due to variations in clinical experience,

potentially increasing heterogeneity among studies. Consequently,

future research should aim to develop a standardized protocol for

the evaluation and treatment of complications, based on

multicenter studies, to enhance the assessment of prognostic

impacts and facilitate cross-center comparisons. Moreover, due to

the relatively small population of patients with esophageal

adenocarcinoma (EAC), this study included only ESCC patients.

As a result, the applicability of CCI in EAC patients requires further

validation. Furthermore, this study excluded patients who

underwent surgical treatment following neoadjuvant therapy,

necessitating additional validation of the CCI scoring system’s

applicability in this specific patient population. Future studies

with larger sample sizes are essential to confirm our findings.
5 Conclusion

The CCI has the capability to quantify postoperative

complications following esophagectomy. Before and after PSM, a

high CCI is correlated with extended postoperative hospital stays
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and increased hospital costs. Furthermore, it serves as an

independent risk factor for poor OS, holding significant potential

as a reference tool for insurance claims and offers valuable

evaluation indicators for clinicians concerning surgical quality

control and patient prognosis management.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be

directed to the corresponding authors.
Ethics statement

The studies involving humans were approved by Institutional

Review Board of the Fujian Medical University Union Hospital. The

studies were conducted in accordance with the local legislation and

institutional requirements. The ethics committee/institutional

review board waived the requirement of written informed consent

for participation from the participants or the participants’ legal

guardians/next of kin because the requirement for informed

consent was waived by the review board due to the retrospective

nature of the study.
Author contributions

XW: Data curation, Formal analysis, Methodology, Supervision,

Validation, Writing – original draft, Writing – review & editing. JY:

Data curation, Methodology, Validation, Writing – original draft.

SX: Data curation, Methodology, Validation, Writing – original

draft. YL: Data curation, Writing – original draft. PZ: Methodology,

Validation, Writing – original draft. LG: Conceptualization,

Writing – review & editing, Methodology, Formal analysis. ZH:

Data curation, Methodology, Supervision, Writing – review &

editing. MK: Conceptualization, Project administration,

Resources, Supervision, Validation, Writing – review & editing.
Funding

The author(s) declare financial support was received for the

research and/or publication of this article. This study was sponsored
Frontiers in Oncology 11
by the National Natural Science Foundation of China (Grant No.

82372680& 82302904), Joint Funds for the innovation of Science and

Technology, Fujian Province (Grant No. 2023Y9168&2024Y9321),

Clinical Research Center for Thoracic Tumors of Fujian Province

(Grant No. 2024YGPT001) and Startup Fund for scientific research,

Fujian Medical University (Grant No. 2024QH1030).
Acknowledgments

We appreciate the support by Figdraw.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Generative AI statement

The author(s) declare that no Generative AI was used in the

creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this

article has been generated by Frontiers with the support of artificial

intelligence and reasonable efforts have been made to ensure

accuracy, including review by the authors wherever possible.

If you identify any issues, please contact us.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found online

at: https://www.frontiersin.org/articles/10.3389/fonc.2025.1661797/

full#supplementary-material
References
1. Lu L, Mullins CS, Schafmayer C, Zeißig S, Linnebacher M. A global
assessment of recent trends in gastrointestinal cancer and lifestyle-associated
risk factors. Cancer Commun (London England). (2021) 41:1137–51. doi: 10.1002/
cac2.12220

2. GBD 2019 Adolescent Mortality Collaborators. Global, regional, and national
mortality among young people aged 10–24 years, 1950-2019: a systematic analysis for
the Global Burden of Disease Study 2019. Lancet (London England). (2021) 398:1593–
618. doi: 10.1016/S0140-6736(22)00320-8

3. Partridge L, Deelen J, Slagboom PE. Facing up to the global challenges of aging.
Nature. (2018) 561:45–56. doi: 10.1038/s41586-018-0457-8

4. Yoshida N, Yamamoto H, Miyata H, Baba H. Response to comment on "Can
minimally invasive esophagectomy replace open esophagectomy for esophageal cancer?
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fonc.2025.1661797/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2025.1661797/full#supplementary-material
https://doi.org/10.1002/cac2.12220
https://doi.org/10.1002/cac2.12220
https://doi.org/10.1016/S0140-6736(22)00320-8
https://doi.org/10.1038/s41586-018-0457-8
https://doi.org/10.3389/fonc.2025.1661797
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wang et al. 10.3389/fonc.2025.1661797
Latest analysis of 24,233 esophagectomies from the Japanese national clinical database.
Ann Surg. (2019) 270:e110–1. doi: 10.1097/SLA.0000000000003337

5. Kim W, Kim HH, Han SU, Kim MC, Hyung WJ, Ryu SW, et al. Decreased
morbidity of laparoscopic distal gastrectomy compared with open distal gastrectomy
for stage I gastric cancer: short-term outcomes from a multi-center randomized
controlled trial (KLASS-01). Ann Surg. (2016) 263:28–35. doi: 10.1097/
SLA.0000000000001346

6. Clavien PA, Barkun J, de Oliveira ML, Vauthey JN, Dindo D, Schulick RD, et al.
The Clavien-Dindo classification of surgical complications: five-year experience. Ann
Surg. (2009) 250:187–96. doi: 10.1097/SLA.0b013e3181b13ca2

7. Kim TH, Suh YS, Huh YJ, Son YG, Park JH, Yang JY, et al. The comprehensive
complication index (CCI) is a more sensitive complication index than the conventional
Clavien-Dindo classification in radical gastric cancer surgery. Gastric cancer: Off J Int
Gastric Cancer Assoc Japanese Gastric Cancer Assoc. (2018) 21:171–81. doi: 10.1007/
s10120-017-0728-3

8. Kalff MC, Gottlieb-Vedi E, Verhoeven RHA, van Laarhoven HWM, Lagergren J,
Gisbertz SS, et al. Presentation, treatment, and prognosis of esophageal carcinoma in a
nationwide comparison of Sweden and the Netherlands. Ann Surg. (2021) 274:743–50.
doi: 10.1097/SLA.0000000000005127

9. Kalff MC, Fransen LFC, de Groot EM, Gisbertz SS, Nieuwenhuijzen GAP, Ruurda
JP, et al. Long-term survival after minimally invasive versus open esophagectomy for
esophageal cancer: A nationwide propensity-score matched analysis. Ann Surg. (2022)
276:e749–57. doi: 10.1097/SLA.0000000000004708

10. Fransen LFC, Berkelmans GHK, Asti E, van Berge Henegouwen MI, Berlth F,
Bonavina L, et al. The effect of postoperative complications after minimally invasive
esophagectomy on long-term survival: an international multi-center cohort study. Ann
Surg. (2021) 274:e1129–37. doi: 10.1097/SLA.0000000000003772

11. Saunders JH, Yanni F, Dorrington MS, Bowman CR, Vohra RS, Parsons SL, et al.
Impact of postoperative complications on disease recurrence and long-term survival
following oesophagogastric cancer resection. Br J Surg. (2020) 107:103–12.
doi: 10.1002/bjs.11318

12. Hallet J, Jerath A, Turgeon AF, McIsaac DI, Eskander A, Zuckerman J, et al.
Association between anesthesiologist volume and short-term outcomes in complex
gastrointestinal cancer surgery. JAMA Surg. (2021) 156:479–87. doi: 10.1001/
jamasurg.2021.0135

13. Wang D, Zhang J, Bai Z, Yang Y, Wang T, Jin L, et al. Associations of
postoperative complications assessed by clavien-dindo classification and
comprehensive complication index with long-term overall survival in elderly patients
after radical CRC resection. Clin Interventions Aging. (2020) 15:1939–49. doi: 10.2147/
CIA.S271969

14. Li J, Yang W, Yuan Y, Zuo M, Li T, Wang Z, et al. Preoperative Naples
prognostic score is a reliable prognostic indicator for newly diagnosed glioblastoma
patients. Front Oncol. (2022) 12:775430. doi: 10.3389/fonc.2022.775430

15. Xiong J, Hu H, Kang W, Liu H, Ma F, Ma S, et al. Prognostic impact of
preoperative naples prognostic score in gastric cancer patients undergoing surgery.
Front Surg. (2021) 8:617744. doi: 10.3389/fsurg.2021.617744

16. Kubo Y, Tanaka K, Yamasaki M, Yamashita K, Makino T, Saito T, et al. Influences
of the charlson comorbidity index and nutrition status on prognosis after esophageal
cancer surgery. Ann Surg Oncol. (2021) 28:7173–82. doi: 10.1245/s10434-021-09779-1

17. Yamashita K, Watanabe M, Mine S, Fukudome I, Okamura A, Yuda M, et al. The
impact of the Charlson comorbidity index on the prognosis of esophageal cancer
patients who underwent esophagectomy with curative intent. Surg Today. (2018)
48:632–9. doi: 10.1007/s00595-018-1630-2

18. Sun HB, Li Y, Liu XB, Zhang RX, Wang ZF, Lerut T, et al. Early oral feeding
following mcKeown minimally invasive esophagectomy: an open-label, randomized,
controlled, noninferiority trial. Ann Surg. (2018) 267:435–42. doi: 10.1097/
SLA.0000000000002304

19. Wee JO, Morse CR. Minimally invasive Ivor Lewis esophagectomy. J Thorac
Cardiovasc Surg. (2012) 144:S60–2. doi: 10.1016/j.jtcvs.2011.12.051

20. Slankamenac K, Graf R, Puhan MA, Clavien PA. Perception of surgical
complications among patients, nurses and physicians: a prospective cross-sectional
survey. Patient Saf Surg. (2011) 5:30. doi: 10.1186/1754-9493-5-30

21. Shimizu S, Saito H, Kono Y, Murakami Y, Shishido Y, Miyatani K, et al. The
prognostic significance of the comprehensive complication index in patients with
gastric cancer. Surg Today. (2019) 49:913–20. doi: 10.1007/s00595-019-01828-3

22. Whooley BP, Law S, Murthy SC, Alexandrou A, Wong J. Analysis of reduced
death and complication rates after esophageal resection. Ann Surg. (2001) 233:338–44.
doi: 10.1097/00000658-200103000-00006

23. Haas M, Huber T, Pickl C, van Rhijn BWG, Gužvić M, Gierth M, et al. The
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