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Simple Summary: Patients with gastric cancer who underwent gastrectomy after surgery had a poor
long-term prognosis when postoperative complications occurred. However, the relationship between
preoperative inflammation and postoperative complications in patients with gastric cancer who un-
derwent gastrectomy remains unclear. For example, it has been suggested that intervention methods
may differ depending on whether chronic inflammation is present in patients with malnutrition. This
study aimed to determine the relationship between preoperative mild inflammation and postoper-
ative complications in patients with gastric cancer after gastrectomy. As a result, management to
ameliorate inflammation is necessary if preoperative chronic inflammation is present.

Abstract: The purpose of this study was to investigate the association between preoperative in-
flammation and postoperative complications in gastric cancer patients having elective gastrectomy.
Participants in this study were those who underwent radical gastrectomy between April 2008 and
June 2018 and were diagnosed with stage I–III primary gastric cancer. Preoperative CRP values were
used to divide the patients into two groups: the inflammation group comprised individuals having a
CRP level of ≥0.5 mg/dL; the other was the non-inflammation group. The primary outcome was
overall complications of Clavien–Dindo grade II or higher after surgery. Using propensity score
matching to adjust for background, we compared the postoperative outcomes of the groups and
conducted a multivariate analysis to identify risk variables for complications. Of 951 patients, 852
(89.6%) were in the non-inflammation group and 99 (10.4%) were in the inflammation group. After
matching, both groups included 99 patients, and no significant differences in patient characteristics
were observed between both groups. The inflammation group had a significantly greater total number
of postoperative complications (p = 0.019). The multivariate analysis revealed that a preoperative
CRP level of ≥0.5 mg/dL was an independent risk factor for total postoperative complications in all
patients (odds ratio: 2.310, 95% confidence interval: 1.430–3.730, p < 0.001). In conclusion, in patients
undergoing curative resection for gastric cancer, preoperative inflammation has been found to be an
independent risk factor for overall complications after surgery. Patients with chronic inflammation
require preoperative treatment to reduce inflammation because chronic inflammation is the greatest
risk factor for postoperative complications.
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1. Introduction

The occurrence of postoperative complications is associated with a poor long-term
prognosis in patients with gastric cancer who have undergone gastrectomy [1,2]. High
visceral fat mass and low muscle mass have been demonstrated to increase postoperative
complications owing to a high postoperative inflammatory response [3,4]. High levels
of inflammatory cytokines, typically interleukin-6, on the first postoperative day have
been shown to increase postoperative complications [5]. By contrast, immunonutrition
administered preoperatively to reduce excessive postoperative inflammatory reactions has
been reported to decrease postoperative complications [4]. This is one piece of evidence
that reducing excessive postoperative inflammation decreases postoperative complications.
Therefore, treatment to reduce inflammation during the preoperative period is necessary.

It is yet unknown how preoperative inflammation and postoperative complications
relate to patients with gastric cancer undergoing gastrectomy. In elective gastrectomy, post-
operative inflammation reflects acute inflammation caused by surgical invasion, whereas
preoperative inflammation is expected to reflect chronic inflammation such as cachexia,
except in the setting of acute inflammation. In patients with acute inflammation, elective
surgery is usually canceled. However, in patients with chronic inflammation, surgery is
often performed as scheduled. This reflects the fact that mild inflammation is considered
to have no impact on surgery or postoperative course. If chronic inflammation adversely
affects the postoperative course, surgical cancellation or action to reduce inflammation may
be necessary. Preoperative immunomodulatory nutrition is one option to reduce preopera-
tive inflammation. Therefore, it is necessary to clarify the impact of chronic inflammation
on the postoperative course in order to consider these indications.

This study aimed to determine the relationship between preoperative inflammation
and postoperative complications in patients with gastric cancer undergoing elective gas-
trectomy. We hypothesized that preoperative chronic inflammation increases the incidence
of postoperative complications after gastrectomy.

2. Materials and Methods
2.1. Eligibility Criteria

We conducted this retrospective case-control study at Ishikawa Prefectural Central
Hospital. Participants in the study were those who, between April 2008 and June 2018,
underwent a radical gastrectomy and were diagnosed with stage I–III primary gastric
cancer according to the 15th edition of the Japanese Classification of Gastric Carcinoma [6].
As exclusion criteria, we excluded patients with residual gastric cancer, cancer in other
organs, distant metastases, and acute inflammation as a comorbidity. By using the hospital’s
electronic patient record system, we collected clinical and laboratory data as well as medical
records and images.

In accordance with the Ishikawa Prefectural Central Hospital Institutional Ethical
Review Committee’s approval of all experimental protocols (authorization number: 1895),
the study followed the ethical guidelines outlined by the Ministry of Health, Labour,
and Welfare for Medical and Health Research Involving Human Subjects, along with the
Declaration of Helsinki. All patients were provided the opportunity to decline participation
via an opt-out recruitment method.

2.2. Data Collection and Definition

Patients were categorized into two groups based on their preoperative C-reactive
protein (CRP) levels: those with CRP levels ≥ 0.5 mg/dL were considered the inflammation
group, and those without inflammation were considered the non-inflammation group.

Within 1 month postoperatively, computed tomography images were used along
with the Ziostation software (ZIOSOFT, Tokyo, Japan) to measure body composition. The
skeletal muscle mass index (SMI) was calculated by dividing the L3 cross-sectional area by
the height squared to determine muscle mass. Meanwhile, visceral fat mass was measured
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based on the cross-sectional area of a single slice at the umbilical level. We used the previous
Asian cut-off values [7] to set the cut-off values for men and women separately.

In this research, malnutrition and its severity were determined according to the criteria
set by the Global Leadership Initiative on Malnutrition (GLIM) [8]. The diagnosis utilized
the body mass index (BMI) and weight loss rate in individuals identified as at risk through
nutritional screening using the Subjective Global Assessment (SGA). Specifically, moderate
malnutrition was defined as a weight loss rate of 5–10% within the past 6 months or 10–20%
beyond 6 months, or a BMI of <20.0 kg/m2 if <70 years old or <22.0 kg/m2 if ≥70 years old.
Severe malnutrition was identified as a weight loss rate of >10% within the past 6 months
or >20% beyond 6 months, or a BMI of <18.5 kg/m2 if <70 years old or <20.0 kg/m2 if
>70 years old. Eligible patients were categorized into three groups: normal nutrition group,
moderate malnutrition group, and severe malnutrition group. Those without malnutrition
were classified as normal. Notably, we did not include SMI in the GLIM criteria, and its
impact on postoperative complications was separately investigated.

We characterized chronic kidney disease (CKD) as an estimated glomerular filtration
rate (eGFR) < 60 mL/min/1.73 m2, diabetes as a history of treatment or preoperative HbA1c
≥6.5%, chronic obstructive pulmonary disease (COPD) as FEV1.0% < 70% on spirometry,
and congestive heart failure (CHF) as either a history of treatment or an ejection fraction of
less than 50% on echocardiogram.

2.3. Outcomes

The study’s main focus was on overall postoperative complications. Secondary end-
points encompassed severe complications, infectious complications, operation time, in-
traoperative blood loss, and the duration of postoperative hospitalization. Postoperative
complications were stratified according to Clavien–Dindo (CD) grade II or higher within
the initial 30 days following surgery [9]. Severe complications were specifically defined
as CD classification grade IIIa or higher. The outcomes of the two groups were subjected
to comparison, with adjustments made for variations in background characteristics. The
surgical site infections (SSIs) included incisional SSI and intra-abdominal infection.

2.4. Statistical Analyses

We categorized patients into inflammation and non-inflammation groups and adopted
propensity score matching (PSM) with the aim of eliminating confounding factors in
the comparison of various postoperative outcomes. A logistic regression model was
utilized to determine the propensity score, incorporating covariates such as age, sex,
surgical approach, surgical procedure, clinical stage, and comorbidities. The nearest
neighbor matching method was applied, achieving one-to-one matching with a caliper
size of 0.20. Following matching, comparisons of patient characteristics and postoperative
outcomes were conducted using the Mann–Whitney U-test for continuous variables and
the chi-squared or Fisher’s exact test for categorical variables. Multivariate analyses,
employing logistic regression, were conducted to identify risk factors for postoperative
complications and calculate odds ratios (ORs). All statistical analyses were performed
using EZR software Ver.1.64 (Saitama Medical Center, Jichi Medical University, Saitama,
Japan), with the significance level set at p < 0.05.

3. Results
3.1. Baseline Characteristics

Figure 1 presents the study flowchart, and Table 1 displays a comparison of patient
characteristics. Of the 951 patients, 852 (89.6%) were in the non-inflammation group, and
99 (10.4%) were in the inflammation group. The inflammation group had a higher age
(p < 0.001), more advanced clinical stage (p = 0.002), higher open surgery rate (p < 0.001),
and higher total gastrectomy rate (p = 0.019) than the non-inflammation group. However,
after matching, both groups included 99 patients, without significant differences in patient
characteristics.
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Table 1. Patient characteristics before and after propensity score matching.

All Patients After Matching

Non-Inflammation
Group (N = 852)

Inflammation
Group (N = 99)

p
Value

Non-
Inflammation

Group (N = 99)

Inflammation
Group (N = 99)

p
Value

Sex
0.307 1.000Male 574 (67.4%) 72 (72.7%) 72 (72.7%) 72 (72.7%)

Female 278 (32.6%) 27 (27.3%) 27 (27.3%) 27 (27.3%)

Age, mean ± SD 65.81 ± 11.13 71.28 ± 9.66 <0.001 71.71 ± 8.84 71.28 ± 9.66 0.747
Body mass index, mean ± SD 22.95 ± 3.26 22.83 ± 3.72 0.743 23.21 ± 3.37 22.83 ± 3.72 0.458

Surgical approach
<0.001 0.773Laparoscopic surgery 668 (78.4%) 57 (57.6%) 60 (60.6%) 57 (57.6%)

Open surgery 184 (21.6%) 42 (42.4%) 39 (39.4%) 42 (42.4%)

Surgical procedure

0.019 0.367
Distal gastrectomy 576 (67.6%) 57 (57.5%) 54 (54.5%) 57 (57.5%)
Proximal gastrectomy 78 (9.2%) 6 (6.1%) 12 (12.1%) 6 (6.1%)
Total gastrectomy 198 (23.2%) 36 (36.4%) 33 (33.3%) 36 (36.4%)

Lymph node dissection
0.914 0.665D1+ 510 (59.8%) 60 (60.6%) 56 (56.6%) 60 (60.6%)

D2 342 (40.2%) 39 (39.4%) 43 (43.4%) 39 (39.4%)

Clinical stage

0.002 0.857
I 573 (67.3%) 51 (51.5%) 50 (50.5%) 51 (51.5%)
II 135 (15.8%) 17 (17.2%) 15 (15.2%) 17 (17.2%)
III 144 (16.9%) 31 (31.3%) 34 (34.3%) 31 (31.3%)

Comorbidity
CKD 137 (16.1%) 20 (20.2%) 0.316 24 (24.2%) 20 (20.2%) 0.608
COPD 174 (20.4%) 29 (29.3%) 0.051 30 (30.3%) 29 (29.3%) 1.000
Diabetes 129 (15.1%) 21 (21.2%) 0.144 13 (13.1%) 21 (21.2%) 0.187

SMI (cm2/m2)

Median (IQR) 40.01 (34.50–46.82) 40.50
(34.31–44.80) 0.378 38.75

(33.96–44.51)
40.50

(34.31–44.80) 0.833

Low-SMI 337 (39.6%) 45 (45.5%) 0.503 42 (42.4%) 45 (45.5%) 0.900

VFA (cm2/m2)

Median (IQR) 78.95 (41.28–128.9) 87.55
(49.30–125.0) 0.237 66.35

(34.55–133.4)
87.55

(49.30–125.0) 0.190

≥100 cm2/m2 298 (38.1%) 40 (43.0%) 0.369 31 (34.1%) 40 (43.0%) 0.229

GLIM-defined malnutrition 221 (25.9%) 37 (37.4%) 0.023 28 (28.3%) 37 (37.4%) 0.226
Moderate 124 (14.6%) 19 (19.2%) 0.234 14 (14.1%) 19 (19.2%) 0.446
Severe 97 (11.4%) 18 (18.2%) 0.071 14 (14.1%) 18 (18.2%) 0.563
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3.2. Postoperative Results Compared before and after Matching

Table 2 displays the results of the comparative analysis of postoperative outcomes be-
tween the inflammation and non-inflammation groups. Before matching, the inflammation
group had significantly higher intraoperative blood loss (p = 0.001) and longer postoper-
ative hospital stay (p = 0.003) compared with the non-inflammation group. The overall
incidence of postoperative complications was significantly higher in the inflammation
group (p = 0.001), including a significantly greater occurrence of infectious complications
(p = 0.007), postoperative pneumonia (p = 0.011), and anastomotic leakage (p = 0.020), in
comparison with the non-inflammation group.

Table 2. Comparison of postoperative outcomes.

Before Matching After Matching

Non-
Inflammation

Group (N = 852)

Inflammation
Group (N = 99)

p
Value

Non-
Inflammation

Group (N = 99)

Inflammation
Group (N = 99)

p
Value

Operation time (min),
median (IQR) 250 (210, 310) 235 (198, 300) 0.123 240 (195, 310) 235 (198, 300) 0.738

Intraoperative blood loss (g),
median (IQR) 20.0 (10.0, 50.0) 30.0 (10.0, 147.5) 0.001 30.0 (10.0, 150.0) 30.0 (10.0, 147.5) 0.450

Postoperative hospital
stay (days),

median (IQR)
14.0 (11.0, 18.0) 16.0 (12.0, 25.5) 0.003 15.0 (10.5–19.5) 16.0 (12.0–25.5) 0.016

Postoperative complications
Infectious complications 115 (13.5%) 24 (24.2%) 0.007 13 (13.1%) 24 (24.2%) 0.067
Pneumonia 18 (2.1%) 7 (7.1%) 0.011 4 (4.0%) 7 (7.1%) 0.537
Incisional SSI 25 (2.9%) 3 (3.0%) 1.000 1 (1.0%) 3 (3.0%) 0.621
Intra-abdominal abscess 59 (6.9%) 10 (10.1%) 0.303 4 (4.0%) 10 (10.1%) 0.164
Pancreatic fistula 41 (4.8%) 2 (2.0%) 0.305 4 (4.0%) 2 (2.0%) 0.683
Anastomotic leakage 35 (4.1%) 10 (10.1%) 0.020 3 (3.0%) 10 (10.1%) 0.082
Severe complications 51 (6.0%) 11 (11.1%) 0.081 7 (7.1%) 11 (11.1%) 0.459
Total complications 145 (17.0%) 31 (31.3%) 0.001 16 (16.2%) 31 (31.3%) 0.019

After matching, there were no statistically significant differences in the operation time
and intraoperative blood loss between the two groups. However, the inflammation group
had a significantly longer postoperative hospital stay (p = 0.016) and significantly greater
total number of postoperative complications (p = 0.019), which was the primary outcome
of the study, than the non-inflammation group. Although infectious complications were
more common in the inflammation group than in the non-inflammation group, the differ-
ence between the two groups was not significant (p = 0.067). Additionally, no significant
differences in severe complications were observed between the two groups (p = 0.459).

3.3. Multivariate Analysis Related to Postoperative Complications

Table 3 presents the results of the multivariate analysis using the forward stepwise
procedure to identify the risk factors for total postoperative complications. The analysis
revealed that being male (OR: 1.820, 95% confidence interval [CI]: 1.190–2.770, p = 0.006),
having a preoperative CRP level of ≥0.5 mg/dL (OR: 2.310, 95% CI: 1.430–3.730, p < 0.001),
and having a visceral fat area ≥ 100 cm2 (OR: 1.680, 95% CI: 1.180–2.380, p = 0.004) were
significant independent risk factors for total postoperative complications.
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Table 3. Results of multivariate analysis of risk factors for total postoperative complications in
all patients.

Variables
Univariate Analysis Multivariate Analysis

OR 95% CI p Value OR 95% CI p Value

Sex
Female 1 1
Male 2.250 1.500–3.360 <0.001 1.840 1.210–2.800 0.004

Age (years)
<70 1 1
≥70 1.340 0.960–1.860 0.086 1.140 0.799–1.640 0.461

Surgical procedure
Distal gastrectomy 1 1
Total gastrectomy 1.460 1.020–2.100 0.039 1.380 0.949–2.000 0.093

Surgical approach
Laparoscopic surgery 1
Open surgery 1.350 0.935–1.950 0.110

Lymph node dissection
D1+ 1
D2 0.983 0.704–1.370 0.921

Clinical stage
I 1
≥II 1.220 0.868–1.710 0.255

CKD
Absent 1 1
Present 1.730 1.150–2.580 0.008 1.370 0.895–2.100 0.146

COPD
Absent 1 1
Present 1.610 1.110–2.340 0.012 1.380 0.930–2.040 0.111

Diabetes
Absent 1 1
Present 1.490 0.983–2.260 0.060 1.170 0.756–1.820 0.478

SMI
High-SMI 1 1
Low-SMI 0.737 0.521–1.040 0.086 0.869 0.599–1.260 0.457

Visceral fat area
<100 cm2/m2 1 1
≥100 cm2/m2 1.870 1.330–1.920 <0.001 1.560 1.080–2.250 0.017

GLIM-defined malnutrition
Absent 1
Present 0.906 0.624–1.320 0.606

Preoperative CRP
<0.5 mg/dL 1 1
≥0.5 mg/dL 2.220 1.400–3.520 <0.001 1.950 1.210–3.160 0.006

3.4. Multivariate Analysis Related to Postoperative Complications in Patients without
Chronic Inflammation

Table 4 presents the results of the multivariate analysis to identify the risk factors for
total postoperative complications in patients without chronic inflammation. The analysis
revealed that being male (OR: 2.120, 95% CI: 1.330–3.370, p = 0.001) and having a visceral
fat area ≥ 100 cm2 (OR: 1.690, 95% CI: 1.140–2.510, p = 0.009) were significant independent
risk factors for total postoperative complications.



Cancers 2024, 16, 833 7 of 12

Table 4. Results of multivariate analysis of risk factors for postoperative complications in patients
without preoperative chronic inflammation.

Variables
Univariate Analysis Multivariate Analysis

OR 95% CI p Value OR 95% CI p Value

Sex
Female 1 1
Male 2.530 1.610–3.980 <0.001 2.120 1.330–3.370 0.001

Age (years)
<70 1
≥70 1.310 0.914–1.890 0.141

Surgical procedure
Distal gastrectomy 1
Total gastrectomy 1.320 0.883–1.980 0.175

Surgical approach
Laparoscopic surgery 1
Open surgery 1.310 0.862–1.980 0.209

Lymph node dissection
D1+ 1
D2 0.924 0.640–1.330 0.673

Clinical stage
I 1
≥II 1.140 0.783–1.660 0.495

CKD
Absent 1 1
Present 1.800 1.160–2.780 0.009 1.490 0.946–2.330 0.086

COPD
Absent 1 1
Present 1.490 0.985–2.260 0.059 1.330 0.867–2.030 0.193

Diabetes
Absent 1 1
Present 1.520 0.959–2.400 0.075 1.200 0.743–1.930 0.457

SMI
High-SMI 1
Low-SMI 0.725 0.493–1.060 0.100

Visceral fat area
<100 cm2/m2 1 1
≥100 cm2/m2 2.100 1.440–3.050 <0.001 1.690 1.140–2.510 0.009

GLIM-defined malnutrition
Absent 1
Present 0.891 0.588–1.350 0.587

3.5. Multivariate Analysis Related to Postoperative Complications in Patients with
Chronic Inflammation

Table 5 displays the outcomes of the multivariate analysis aimed at identifying risk
factors for overall postoperative complications in patients with chronic inflammation.
Multivariate analysis did not detect any significant risk factors in patients with chronic
inflammation.
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Table 5. Results of multivariate analysis of risk factors for postoperative complications in patients
with preoperative chronic inflammation.

Variables
Univariate Analysis Multivariate Analysis

OR 95% CI p Value OR 95% CI p Value

Sex
Female 1
Male 1.110 0.425–2.920 0.825

Age (years)
<70 1
≥70 0.912 0.385–2.160 0.834

Surgical procedure
Distal gastrectomy 1
Total gastrectomy 1.720 0.721–4.110 0.221

Surgical approach
Laparoscopic surgery 1
Open surgery 0.971 0.411–2.300 0.947

Lymph node dissection
D1+ 1
D2 1.420 0.598–3.350 0.429

Clinical stage
I 1
≥II 1.200 0.513–2.810 0.674

CKD
Absent 1
Present 1.230 0.438–3.480 0.691

COPD
Absent 1
Present 1.890 0.765–4.700 0.168

Diabetes
Absent 1
Present 1.120 0.403–3.140 0.822

SMI
High-SMI 1
Low-SMI 0.677 0.284–1.620 0.380

Visceral fat area
<100 cm2/m2 1
≥100 cm2/m2 0.936 0.391–2.240 0.882

GLIM-defined malnutrition
Absent 1
Present 0.723 0.295–1.770 0.478

4. Discussion

To our knowledge, this study represents the first evidence indicating that preoperative
mild inflammation serves as a risk factor for postoperative complications following radical
gastrectomy in patients with gastric cancer. We compared the postoperative outcomes in the
two groups using PSM with background adjustment and observed an increase in the total
number of postoperative complications in the inflammation group. Furthermore, through
a multivariate analysis that included all the patients, preoperative mild inflammation with
CRP levels ≥ 0.5 mg/dL was identified as an independent risk factor for postoperative
complications. This study highlights the need for intervention to reduce preoperative
mild inflammation.

In previous reports, excessive postoperative inflammation has been documented to
increase the incidence of postoperative complications [5,10–13]. Increased inflammation
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immediately postoperatively has been reported to be associated with a higher incidence
of postoperative complications, and the CRP level has been identified as a factor involved
in systemic immune-inflammation postoperatively [13]. In addition to CRP as an inflam-
matory marker, other markers such as IL-6 and presepsin have been shown to correlate
with postoperative complications [5,10–13]. Regarding the breakdown of complications,
it has been reported that high postoperative CRP in gastric cancer, esophageal cancer,
and colorectal cancer is associated with an increased risk of anastomotic leakage [14,15].
Therefore, the suppression of inflammatory responses has been highlighted as one of the
strategies for preventing postoperative complications.

This study showed that preoperative mild inflammation was an independent risk
factor for the total number of postoperative complications. In this study, we set the cut-off
value for CRP levels at 0.5 mg/dL; this value is widely used as an indicator of inflammation
in many facilities in Japan. Many facilities in Japan consider more than 0.5 mg/dL to be an
abnormal laboratory value. Therefore, using this cut-off value to determine preoperative
inflammation may reflect the clinical results of many facilities in Japan. Furthermore, the
Glasgow prognostic score, which has been used as a prognostic indicator, also adopts a
cut-off value of 0.5 mg/dL [16–18]. The potential to predict not only the prognosis but also
postoperative complications was demonstrated using this value preoperatively. In this
study, 10% of the patients were assigned to the inflammation group using this cut-off value.
As this study excluded patients with preoperative acute inflammation, the inflammation
in this study may reflect the inflammation caused by cancer-induced cachexia [19,20].
Hence, the inflammation group had a greater proportion of patients with advanced clinical
stage disease, which required adjustment by PSM, than the non-inflammation group.
For advanced cancer patients with inflammation, anti-inflammatory agents such as non-
steroidal anti-inflammatory drugs (NSAIDs) or aspirin, as well as immunomodulatory
nutritional supplements like n-3 fatty acids, may be necessary for inflammation control [4].

The mechanism by which preoperative inflammation increased postoperative com-
plications was unclear in this study. Acute inflammation simultaneously produces an
immunosuppressive response, and the persistence of inflammation leads to compensatory
anti-inflammatory response syndrome, which triggers infectious states such as sepsis [21].
This is explained by the occurrence of anti-inflammatory cytokines in response to the
production and mobilization of proinflammatory cytokines, and the balance between the
two has been reported to be associated with infectious complications [22,23]. Surgical
procedures can potentially cause endothelial dysfunction, neutrophil activation, and sys-
temic inflammation through the secretion of proinflammatory cytokines, and the risk of
organ dysfunction increases if inflammation persists [22]. This could also be explained as a
potential factor that increases postoperative complications due to chronic inflammation.
Even though it is unclear as to whether the high postoperative inflammatory response
is the cause or the effect of complications, identifying preoperative inflammation is still
advantageous as an intervention target because it is recognizable.

Body composition analysis has attracted attention as one of the indicators for predict-
ing postoperative inflammatory response. As targets prone to high levels of postoperative
inflammatory mediators, sarcopenia with low muscle mass and excess visceral fat vol-
ume has been identified [3,4]. Inflammation in adipose tissue is reported to occur when
dysfunctional adipocytes secrete inflammatory cytokines, which can negatively impact
distant organ function [24]. Furthermore, sarcopenia and increased visceral fat mass have
been reported to lead to chronic inflammation [25,26]. Therefore, we investigated these
body compositions. In addition to preoperative inflammation, high visceral fat mass was
identified as an independent risk factor for postoperative complications. Systematic review
shows that high visceral fat mass increases postoperative complications in patients with
upper gastrointestinal cancer [27]. Therefore, body composition serves as a useful indicator
for predicting postoperative inflammation, and interventions to suppress inflammation
may be necessary for patients with a greater amount of visceral fat.
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The breakdown of complications demonstrated a tendency toward infectious com-
plications and anastomotic leakage. The former may result from immunosuppression
due to persistent chronic inflammation, and the latter may be due to inflammation delay-
ing wound healing. High postoperative inflammation has been reported as a risk factor
for anastomotic leakage after gastric, esophageal, and colorectal resection [14,15,28,29].
The relationship between inflammation and delayed wound healing is unclear; however,
prolonged preoperative inflammation may also be a risk factor for anastomotic leakage.
Further studies are needed to clarify the mechanism by which inflammation increases anas-
tomotic leakage. Given the elevated rate of postoperative complications, the inflammation
group experienced a significantly extended duration of hospital stay compared with the
non-inflammation group.

One of the strategies to suppress inflammation is the use of immunomodulatory
nutritional supplements. Immunonutrition has the capability to quell excessive inflamma-
tion [30]. A study demonstrated that preoperative immunonutrition effectively subdued
inflammatory cytokines following pancreaticoduodenectomy, potentially contributing to a
reduction in postoperative complications [4]. Another study indicated that administering
immunonutrition postoperatively led to a decrease in postoperative CRP levels [31]. These
findings suggest that both pre- and postoperative administrations of immunonutrition may
mitigate inflammation. Additionally, it serves as immunostimulation against inflammation
following surgical invasion or trauma, which induces immunosuppression and diminishes
resistance to infection [32]. The former is recommended for preoperative use as a modulator,
while the latter is recommended for postoperative use as a stimulator [32]. Further studies
are needed to determine whether immunonutrition reduces postoperative complications in
gastric cancer patients with preoperative mild inflammation.

The study has several limitations. Firstly, it was a single-center retrospective study.
To validate the generalizability of the results, a prospective multicenter study utilizing the
same cut-off values should be undertaken. Secondly, the mechanism linking preoperative
inflammation to postoperative complications remains unclear. Further investigations are
necessary to delve into the underlying causes of this phenomenon. Thirdly, we cannot
identify the cause of chronic inflammation. We cannot rule out other effects of chronic
disease besides those arising from the cancer itself. Fourthly, the preoperative inflammatory
status is assessed at a single time point, and there is no mention of the duration of sustained
inflammation. Since exercise and immunonutrition have demonstrated efficacy in reducing
inflammation [4,29], a combination of these approaches may prove effective in preventing
postoperative complications in individuals with preoperative inflammation. Our goal was
to assess the efficacy of nutritional interventions, such as immunonutrition, in improving
postoperative outcomes for patients with preoperative mild inflammation.

5. Conclusions

Preoperative inflammation has been identified as a risk factor for postoperative com-
plications in patients undergoing curative resection for gastric cancer. The multivariate
analysis indicated preoperative inflammation as an independent risk factor for postopera-
tive complications. Patients with chronic inflammation require preoperative treatment to
reduce inflammation because chronic inflammation is the greatest risk factor for postopera-
tive complications.

Author Contributions: Conceptualization, R.M. and N.I.; methodology, R.M., N.I. and T.T.; formal
analysis, R.M.; investigation, R.M. and T.T.; data curation, R.M. and T.T.; writing—original draft
preparation, R.M. and N.I.; writing—review and editing, R.M., N.I., T.T. and T.F.; visualization, R.M.,
N.I., T.T. and T.F.; supervision, N.I. and T.F. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.



Cancers 2024, 16, 833 11 of 12

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Ishikawa Prefectural Central Hospital
(authorization number: 1895, approval date: 28 March 2022).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The datasets generated and/or analyzed during the current study are
available upon reasonable request from the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Wang, S.; Xu, L.; Wang, Q.; Li, J.; Bai, B.; Li, Z.; Wu, X.; Yu, P.; Li, X.; Yin, J. Postoperative complications and prognosis after radical

gastrectomy for gastric cancer: A systematic review and meta-analysis of observational studies. World J. Surg. Oncol. 2019, 17, 52.
[CrossRef]

2. Shimada, H.; Fukagawa, T.; Haga, Y.; Oba, K. Does postoperative morbidity worsen the oncological outcome after radical surgery
for gastrointestinal cancers? A systematic review of the literature. Ann. Gastroenterol. Surg. 2017, 1, 11–23. [CrossRef]

3. Okamura, A.; Watanabe, M.; Fukudome, I.; Yamashita, K.; Yuda, M.; Hayami, M.; Imamura, Y.; Mine, S. Relationship between
Visceral Obesity and Postoperative Inflammatory Response Following Minimally Invasive Esophagectomy. World J. Surg. 2018,
42, 3651–3657. [CrossRef]

4. Furukawa, A.; Furukawa, K.; Suzuki, D.; Yoshitomi, H.; Takayashiki, T.; Kuboki, S.; Miyazaki, M.; Ohtsuka, M. Effect of
immunonutrition on infectious complications in low skeletal muscle mass patients after pancreaticoduodenectomy. Clin. Nutr.
2021, 40, 103–109. [CrossRef]

5. Rettig, T.C.D.; Verwijmeren, L.; Dijkstra, I.M.; Boerma, D.; van de Garde, E.M.W.; Noordzij, P.G. Postoperative Interleukin-6 Level
and Early Detection of Complications after Elective Major Abdominal Surgery. Ann. Surg. 2016, 263, 1207–1212. [CrossRef]

6. Nakamura, T.; Hojo, Y.; Kumamoto, T.; Kurahashi, Y.; Ishida, Y.; Shinohara, H. History of the lymph node numbering system in
the Japanese Classification of Gastric Carcinoma since 1962. Surg. Today 2022, 52, 1515–1523. [CrossRef]

7. Xu, L.; Shi, M.; Huang, Z.; Zhang, W.; Zhang, H.; Shen, X.; Chen, X. Impact of malnutrition diagnosed using Global Leadership
Initiative on Malnutrition criteria on clinical outcomes of patients with gastric cancer. JPEN J. Parenter. Enteral Nutr. 2022, 46,
385–394. [CrossRef]

8. Cederholm, T.; Jensen, G.L.; Correia, M.I.T.D.; Gonzalez, M.C.; Fukushima, R.; Higashiguchi, T.; Baptista, G.; Barazzoni, R.;
Blaauw, R.; Coats, A.; et al. GLIM criteria for the diagnosis of malnutrition—A consensus report from the global clinical nutrition
community. Clin. Nutr. 2019, 38, 1–9. [CrossRef] [PubMed]

9. Katayama, H.; Kurokawa, Y.; Nakamura, K.; Ito, H.; Kanemitsu, Y.; Masuda, N.; Tsubosa, Y.; Satoh, T.; Yokomizo, A.; Fukuda,
H.; et al. Extended Clavien-Dindo classification of surgical complications: Japan Clinical Oncology Group postoperative
complications criteria. Surg. Today 2016, 46, 668–685. [CrossRef] [PubMed]

10. McOwan, M.; Johnson, M.A.; Ward, S.; Read, M.; Chong, L.; Taylor, L.; Hii, M.W. C-reactive protein is a predictor of severe
infective complications following gastrectomy—A retrospective analysis. J. Gastrointest. Oncol. 2023, 14, 64–72. [CrossRef]
[PubMed]

11. van Winsen, M.; McSorley, S.T.; McLeod, R.; MacDonald, A.; Forshaw, M.J.; Shaw, M.; Puxty, K. Postoperative C-reactive protein
concentrations to predict infective complications following gastrectomy for cancer. J. Surg. Oncol. 2021, 124, 1060–1069. [CrossRef]

12. Imai, Y.; Tanaka, R.; Honda, K.; Matsuo, K.; Taniguchi, K.; Asakuma, M.; Lee, S.-W. The usefulness of presepsin in the diagnosis of
postoperative infectious complications after gastrectomy for gastric cancer: A prospective cohort study. Sci. Rep. 2022, 12, 21289.
[CrossRef]

13. Jiao, Y.; Zhang, X.; Liu, M.; Sun, Y.; Ma, Z.; Gu, X.; Gu, W.; Zhu, W. Systemic immune-inflammation index within the first
postoperative hour as a predictor of severe postoperative complications in upper abdominal surgery: A retrospective single-center
study. BMC Gastroenterol. 2022, 22, 403. [CrossRef]

14. Gordon, A.C.; Cross, A.J.; Foo, E.W.; Roberts, R.H. C-reactive protein is a useful negative predictor of anastomotic leak in
oesophago-gastric resection. ANZ J. Surg. 2018, 88, 223–227. [CrossRef]

15. Yeung, D.E.; Peterknecht, E.; Hajibandeh, S.; Hajibandeh, S.; Torrance, A.W. C-reactive protein can predict anastomotic leak in
colorectal surgery: A systematic review and meta-analysis. Int. J. Colorectal Dis. 2021, 36, 1147–1162. [CrossRef]

16. Kim, M.-R.; Kim, A.-S.; Choi, H.-I.; Jung, J.-H.; Park, J.Y.; Ko, H.-J. Inflammatory markers for predicting overall survival in gastric
cancer patients: A systematic review and meta-analysis. PLoS ONE 2020, 15, e0236445. [CrossRef]

17. Gao, Y.; Huang, D. The value of the systematic inflammation-based Glasgow Prognostic Score in patients with gastric cancer: A
literature review. J. Cancer Res. Ther. 2014, 10, 799–804.

18. Hirahara, N.; Matsubara, T.; Kaji, S.; Kawabata, Y.; Hyakudomi, R.; Yamamoto, T.; Uchida, Y.; Ishitobi, K.; Takai, K.; Tajima, Y.
Glasgow prognostic score is a better predictor of the long-term survival in patients with gastric cancer, compared to the modified
Glasgow prognostic score or high-sensitivity modified Glasgow prognostic score. Oncotarget 2020, 11, 4169–4177. [CrossRef]
[PubMed]

https://doi.org/10.1186/s12957-019-1593-9
https://doi.org/10.1002/ags3.12002
https://doi.org/10.1007/s00268-018-4675-x
https://doi.org/10.1016/j.clnu.2020.04.032
https://doi.org/10.1097/SLA.0000000000001342
https://doi.org/10.1007/s00595-021-02395-2
https://doi.org/10.1002/jpen.2127
https://doi.org/10.1016/j.clnu.2018.08.002
https://www.ncbi.nlm.nih.gov/pubmed/30181091
https://doi.org/10.1007/s00595-015-1236-x
https://www.ncbi.nlm.nih.gov/pubmed/26289837
https://doi.org/10.21037/jgo-22-675
https://www.ncbi.nlm.nih.gov/pubmed/36915451
https://doi.org/10.1002/jso.26613
https://doi.org/10.1038/s41598-022-24780-8
https://doi.org/10.1186/s12876-022-02482-9
https://doi.org/10.1111/ans.13681
https://doi.org/10.1007/s00384-021-03854-5
https://doi.org/10.1371/journal.pone.0236445
https://doi.org/10.18632/oncotarget.27796
https://www.ncbi.nlm.nih.gov/pubmed/33227100


Cancers 2024, 16, 833 12 of 12

19. Baracos, V.E.; Martin, L.; Korc, M.; Guttridge, D.C.; Fearon, K.C.H. Cancer-associated cachexia. Nat. Rev. Dis. Primers 2018, 4,
17105. [CrossRef] [PubMed]

20. Argilés, J.M.; López-Soriano, F.J.; Stemmler, B.; Busquets, S. Cancer-associated cachexia-understanding the tumour macroenviron-
ment and microenvironment to improve management. Nat. Rev. Clin. Oncol. 2023, 20, 250–264. [CrossRef] [PubMed]

21. Mira, J.C.; Gentile, L.F.; Mathias, B.J.; Efron, P.A.M.; Brakenridge, S.C.; Mohr, A.M.; Moore, F.A.M.; Moldawer, L.L. Sepsis
Pathophysiology, Chronic Critical Illness, and Persistent Inflammation-Immunosuppression and Catabolism Syndrome. Crit.
Care Med. 2017, 45, 253–262. [CrossRef]

22. Margraf, A.; Ludwig, N.; Zarbock, A.; Rossaint, J. Systemic Inflammatory Response Syndrome After Surgery: Mechanisms and
Protection. Anesth. Analg. 2020, 131, 1693–1707. [CrossRef]

23. Hotchkiss, R.S.; Monneret, G.; Payen, D. Sepsis-induced immunosuppression: From cellular dysfunctions to immunotherapy.
Nat. Rev. Immunol. 2013, 13, 862–874. [CrossRef]

24. Kawai, T.; Autieri, M.V.; Scalia, R. Adipose tissue inflammation and metabolic dysfunction in obesity. Am. J. Physiol. Cell Physiol.
2021, 320, C375–C391. [CrossRef]

25. Bano, G.; Trevisan, C.; Carraro, S.; Solmi, M.; Luchini, C.; Stubbs, B.; Manzato, E.; Sergi, G.; Veronese, N. Inflammation and
sarcopenia: A systematic review and meta-analysis. Maturitas 2017, 96, 10–15. [CrossRef]

26. Zhang, F.; Qiao, S.; Yao, N.; Li, C.; Weber, M.-C.; Jefferies, B.; Friess, H.; Reischl, S.; Neumann, P.-A. Anastomotic Rings and
Inflammation Values as Biomarkers for Leakage of Stapled Circular Colorectal Anastomoses. Diagnostics 2022, 12, 2902. [CrossRef]
[PubMed]

27. Matsui, R.; Watanabe, J.; Banno, M.; Inaki, N.; Fukunaga, T. Association of visceral adipose tissue with postoperative outcome
in upper gastrointestinal cancer: A systematic review and meta-analysis. Am. J. Clin. Nutr. 2022, 116, 1540–1552. [CrossRef]
[PubMed]

28. Wu, C.-X.; Rao, D.-Y.; Sang, C.-P.; Zhu, S.-Y.; Gu, L.; Wu, Y.-Y.; Wang, J.-F.; Shi, H.-Q.; Wang, X.-C.; Tang, Z.-X. Peripheral blood
inflammation indices are effective predictors of anastomotic leakage in elective esophageal surgery. J. Gastrointest. Oncol. 2021, 12,
2675–2684. [CrossRef] [PubMed]

29. Suzuki, K. Chronic Inflammation as an Immunological Abnormality and Effectiveness of Exercise. Biomolecules 2019, 9, 223.
[CrossRef] [PubMed]
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31. Ateş, E.; Yilmaz, S.; Erkasap, S.; Ihtiyar, E.; Kaya, Y.; Pehlivan, T.; Ustuner, Z.; Yasar, B.; Kiper, H. Perioperative immunonutrition
ameliorates the postoperative immune depression in patients with gastrointestinal system cancer (prospective clinical study in
42 patients). Acta Gastroenterol. Belg. 2004, 67, 250–254. [PubMed]

32. Arends, J.; Baracos, V.; Bertz, H.; Bozzetti, F.; Calder, P.C.; Deutz, N.E.P.; Erickson, N.; Laviano, A.; Lisanti, M.P.; Lobo, D.N.; et al.
ESPEN expert group recommendations for action against cancer-related malnutrition. Clin. Nutr. 2017, 36, 1187–1196. [CrossRef]
[PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1038/nrdp.2017.105
https://www.ncbi.nlm.nih.gov/pubmed/29345251
https://doi.org/10.1038/s41571-023-00734-5
https://www.ncbi.nlm.nih.gov/pubmed/36806788
https://doi.org/10.1097/CCM.0000000000002074
https://doi.org/10.1213/ANE.0000000000005175
https://doi.org/10.1038/nri3552
https://doi.org/10.1152/ajpcell.00379.2020
https://doi.org/10.1016/j.maturitas.2016.11.006
https://doi.org/10.3390/diagnostics12122902
https://www.ncbi.nlm.nih.gov/pubmed/36552909
https://doi.org/10.1093/ajcn/nqac273
https://www.ncbi.nlm.nih.gov/pubmed/36166841
https://doi.org/10.21037/jgo-21-812
https://www.ncbi.nlm.nih.gov/pubmed/35070397
https://doi.org/10.3390/biom9060223
https://www.ncbi.nlm.nih.gov/pubmed/31181700
https://doi.org/10.3390/nu12092547
https://www.ncbi.nlm.nih.gov/pubmed/32842475
https://www.ncbi.nlm.nih.gov/pubmed/15587331
https://doi.org/10.1016/j.clnu.2017.06.017
https://www.ncbi.nlm.nih.gov/pubmed/28689670

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Data Collection and Definition 
	Outcomes 
	Statistical Analyses 

	Results 
	Baseline Characteristics 
	Postoperative Results Compared before and after Matching 
	Multivariate Analysis Related to Postoperative Complications 
	Multivariate Analysis Related to Postoperative Complications in Patients without Chronic Inflammation 
	Multivariate Analysis Related to Postoperative Complications in Patients with Chronic Inflammation 

	Discussion 
	Conclusions 
	References

