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Simple Summary: Inflammatory biomarkers have been widely investigated as potential predictors
of prognosis among patients with gastric cancer (GC). Recently, a novel cancer biomarker, the in-
flammation burden index (IBI), was proposed, which is defined as the product of C-reactive protein
multiplied by the neutrophil/lymphocyte ratio. The IBI comprehensively evaluates inflammatory
load in cancer patients, and to date, IBI has been validated only in the Eastern population, which
is known for genetic and clinicopathological differences from Western GC patients. Therefore, this
study aimed to evaluate IBI as a prognostic biomarker among Central European patients undergo-
ing multimodal treatment for GC. A low IBI was observed among patients obtaining neoadjuvant
chemotherapy (NAC), and a high IBI was associated with an increased risk of postoperative compli-
cations and a higher mortality rate. IBI might help tailor treatment decision making. However, it
requires further validation in a large prospective population-based study.

Abstract: Since increasing evidence underlines the prominent role of systemic inflammation in
carcinogenesis, the inflammation burden index (IBI) has emerged as a promising biomarker to
estimate survival outcomes among cancer patients. The IBI has only been validated in Eastern
gastric cancer (GC) patients; therefore, the aim of this study was to evaluate the IBI as a prognostic
biomarker in Central European GC patients undergoing multimodal treatment. Ninety-three patients
with histologically confirmed GC who underwent multimodal treatment between 2013 and 2021
were included. Patient recruitment started with the standardization of neoadjuvant chemotherapy
(NAC). Blood samples were obtained one day prior to surgical treatment. The textbook outcome (TO)
served as the measure of surgical quality, and tumor responses to NAC were evaluated according
to Becker’s system tumor regression grade (TRG). A high IBI was associated with an increased risk
of postoperative complications (OR 2.95, 95% CI 1.13–7.72). In multivariate analysis, a high IBI
(HR = 2.56, 95% CI 1.28–5.13) and a high neutrophil-to-lymphocyte ratio (NLR, HR = 2.55, 95% CI
1.32–4.94) were associated with an increased risk of death, while NAC administration (HR = 0.40,
95% CI 0.18–0.90) and TO achievement (HR = 0.42, 95% CI 0.22–0.81) were associated with a lower
risk of death. The IBI was associated with postoperative complications and mortality among GC
patients undergoing multimodal treatment.

Keywords: inflammatory burden index; gastric cancer; neoadjuvant chemotherapy; multimodal
treatment; prognostic biomarkers
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1. Introduction

Gastric cancer (GC) remains a significant global health burden associated with sub-
stantial morbidity and mortality [1,2]. Despite advances in diagnosis and treatment, the
prognosis of patients with GC remains poor. Current guidelines propose diverse ap-
proaches to GC treatment worldwide. While National Comprehensive Cancer Network
(NCCN) and European Society for Medical Oncology (ESMO) guidelines recommend mul-
timodal treatment based on perioperative chemotherapy along with radical gastrectomy
for locally advanced disease [3,4], Japanese Gastric Cancer Association (JGCA) recommen-
dations are limited to gastrectomy followed by adjuvant systemic treatment [5]. Although
the introduction of neoadjuvant chemotherapy (NAC) has partially improved survival,
progress in treatment strategies is still insufficient [6]. Given the heterogeneity of GC, the
aggressive nature of the disease, and the limited response to existing therapies, relevant
biomarkers to assess the prognosis and multimodal treatment results of GC patients are of
clinical importance.

Increasing evidence underlines the prominent role of systemic inflammation in car-
cinogenesis [7]. Inflammatory biomarkers have been widely investigated as potential
predictors of prognosis among patients with GC. C-reactive protein (CRP), the neutrophil-
to-lymphocyte ratio (NLR), the platelet-to-lymphocyte ratio (PLR), the Glasgow prognostic
score (GPS), and the systemic immune-inflammation index (SII) are associated with clinical
outcomes and may be promising prognostic indicators among patients with GC [8–14].
However, the predictive accuracy and role of inflammatory markers in treatment decision
making for patients with GC require further validation [15,16].

Recently, a novel cancer biomarker was proposed [17]. The inflammation burden
index (IBI) is defined as the product of CRP multiplied by NLR. Compared with other
inflammatory markers, the IBI has emerged as a possible accurate biomarker to estimate
survival outcomes among cancer patients. Promising results have demonstrated a corre-
lation between the IBI and both overall survival (OS) and disease-free survival (DFS) in
a prospective cohort of patients with locally advanced GC [18]. To date, the IBI has been
validated only in an Eastern population of patients, which has genetic and clinicopatholog-
ical differences from Western GC patients. Therefore, the current study aimed to evaluate
IBI as a prognostic biomarker among Central European patients undergoing multimodal
treatment for GC.

2. Materials and Methods
2.1. Study Design and Data Source

In this retrospective observational cohort study, patients with histologically confirmed
GC who underwent multimodal treatment between 2013 and 2021 were included. The
initial date of patient recruitment was set because of the standardization of NAC with
5-fluorouracil and platinum derivatives, reflecting the current evidence-based clinical
guidelines for GC [3]. Preoperative staging, evaluation of the patient’s general condition,
and treatment plans were carried out by a multidisciplinary team. The ypTNM stage of the
disease was established according to the 8th edition of the American Joint Committee on
Cancer (AJCC) [19]. Patients with early-stage GC, distant metastasis, other malignancies,
incomplete clinical or pathological reports, or those who underwent upfront surgery were
excluded. Importantly, patients who completed at least two cycles but did not finish the
full NAC regimen were not excluded.

No patients were lost during the observation period. The study was approved by
the institutional review board (KE—0254/331/2018). The study results were reported
according to the Strengthening of Reporting of Observational Studies in Epidemiology
(STROBE) statement [20].

2.2. Neoadjuvant Chemotherapy

All patients received treatment based on a combination of platinum and fluoropyrimi-
dine derivatives. The preferred regimen was FLOT-4 consisting of docetaxel at 50 mg/m2
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on day 1, oxaliplatin at 85 mg/m2 on day 1, leucovorin at 200 mg/m2 on day 1, and
5-fluorouracil at 2600 mg/m2 on day 1 of the cycle, repeated every 14 days [21]. Given the
inclusion period, 40% of patients received an EOX regimen (50 mg/m2 of epirubicin and
130 mg/m2 of oxaliplatin on day 1, with 625 mg/m2 capecitabine administered twice daily
on days 1–21, repeated every three weeks). After 4–5-week time intervals, patients were
scheduled for surgical treatment. Patients aged ≥ 75 years were selectively qualified to
obtain chemotherapy due to comorbidities and potential increased risk of treatment-related
complications.

2.3. Inflammatory Response Markers

Blood samples used for analysis were obtained one day prior to surgical treatment.
IBI was calculated based on the following formula: absolute number of CRP multiplied by
the NLR.

NLR was calculated as the absolute number of neutrophils divided by the absolute
number of lymphocytes in the peripheral blood. Similarly, PLR was calculated as the
quotient of platelets and lymphocytes, while the lymphocyte-to-monocyte ratio (LMR) was
calculated as the quotient of lymphocytes and monocytes.

2.4. Textbook Outcome

The concept of a textbook outcome (TO), initially introduced in colorectal cancer
surgery, represents a comprehensive measure that combines various surgical metrics to
offer a concise and meaningful assessment of surgical quality [22]. Among patients with GC,
achieving a textbook outcome is associated with improved survival and favorable treatment
outcomes [23]. In the current study, TO referred to a composite of the following quality
characteristics: radical resection (macro- and microscopically), adequate lymph node yield
(at least 15 lymph nodes retrieved and examined), no intra- or postoperative complications,
no reinterventions, non-intensive care unit hospitalization, no prolonged hospital stay, no
hospital readmission, and no 30-day mortality [24]. The cutoff for a prolonged hospital stay
was set at 14 days—the 75th percentile for length of stay after gastrectomy in our institution.

2.5. Tumor Regression Grade

Tumor response to NAC was assessed according to histopathologic regression based
on Becker’s TRG system [25,26]. The regression of the primary tumor was categorized
into a 4-stage grading system and evaluated as follows: grade 1 (complete response,
no residual tumor), grade 2 (subtotal regression, <10% residual tumor), grade 3 (partial
regression, 10–50% residual tumor), grade 4 (no regression, >50% residual tumor). Patients
with TRG = 1, 2 were categorized as chemotherapy responders and with TRG = 3, 4 as
non-responders.

2.6. Endpoints of the Study

The study was focused on evaluating several endpoints. The primary endpoint was
OS, and the secondary endpoints included postoperative complications, response to NAC
according to TRG, and achieving TO.

2.7. Statistical Analysis

Statistical analysis of the data was performed using the MedCalc v.15.8 software
(MedCalc Software, Ostend, Belgium). To reject the null hypothesis, a p-value below
0.05 was used. To mitigate the risk of a type II error, we set a cutoff for beta at 0.2 to
achieve 80% statistical power. Given the lack of prior research on IBI evaluation in GC
patients undergoing multimodal therapy, we determined the sample size based on a study
conducted by Ding et al. given the methodological resemblance [18]. The sample size
calculation was conducted by comparing the percentages of patients with a 3-year survival
and a primary endpoint—IBI (low or high). Considering the percentage of patients with
3-year survival in groups with high (85%) and low (100%) IBI and the ratio of sample sizes
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in the compared groups (1.4:1), the minimal study group was estimated as 91 patients.
Given the absence of a normal data distribution (assessed by the D’Agostino–Pearson test),
the median and the interquartile range or minimum–maximum range were used to present
the concentration and dispersion of the data. Categorized or dichotomized variables
were represented as numbers and percentages. Comparisons of IBI values, depending
on demographic and clinical variables, were performed using the Mann–Whitney U test
(comparisons of two independent groups) or ANOVA Kruskal–Wallis (comparisons of
more than two independent groups). Receiver operating characteristic (ROC) analysis was
used in the assessment of the diagnostic usefulness of the IBI value in the prediction of
the occurrence of postoperative complications. The influence of demographic and clinical
variables on the risk of postoperative complications was assessed based on the calculation
of odds ratio (OR) and corresponding 95% confidence intervals (CIs). OS was defined as
the time from the date of surgery to either the patient’s date of death (for complete data) or
the last follow-up date (for censored data). In univariable survival analysis, the log-rank
test was used to calculate the proportional hazard ratio (HR) with a corresponding 95%
CI, and the Kaplan–Meier estimation method was used to generate survival curves. For
multivariable analysis, Cox logistic regression models were used in multivariable survival
analysis. Two-sided tests were used for all analyses, and statistical significance was defined
as a p-value below 0.05.

3. Results
3.1. Patient Characteristics

Among the 93 patients who met the inclusion criteria, the median age at diagnosis was
61 (range 32–83 years); most patients were men (64.5%). According to Lauren’s classification,
almost half of the patients had intestinal-type GC (49.5%); the majority of patients (84.9%)
successfully completed the planned NAC cycles. The most common surgical procedure
was total gastrectomy (41.9%). Postoperative complications occurred in 28% of patients.
Detailed clinicodemographic characteristics are noted in Table 1.

Table 1. Patients’ characteristics.

Variable
Study Group (n = 93)

n (%) or
Median (Range)

Sex
Men 60 (64.5%)

Women 33 (35.5%)

Age 61 (32–83)

Lauren’s type
Intestinal 45 (49.5%)

Mixed 22 (24.2%)
Diffuse 24 (26.4%)

Tumor localization
U 22 (23.66%)
M 43 (46.2%)
L 28 (30.1%)

(y)pT
0 4 (4.3%)
1 7 (7.6%)
2 19 (20.4%)
3 48 (51.6%)
4 15 (16.1%)
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Table 1. Cont.

Variable
Study Group (n = 93)

n (%) or
Median (Range)

(y)pN
0 41 (44.1%)
1 14 (15.1%)
2 13 (14%)
3a 9 (9.7%)
3b 16 (17.2%)

Grading
G1 5 (5.4%)
G2 42 (45.2%)
G3 46 (49.5%)

Neoadjuvant chemotherapy
Yes 79 (84.9%)
No 14 (15.1%)

No. of neoadjuvant chemotherapy cycles 3 (2–8)

Tumor regression grade
1 4 (5.2%)
2 12 (15.6%)
3 36 (46.8%)
4 25 (32.5%)

N/A: n = 14
No data: n = 2

Type of gastrectomy
Proximal 21 (22.6%)

Distal 33 (35.5%)
Total 39 (41.9%)

Surgical margin
R0 85 (91.4%)
R1 8 (8.6%)

CCI 20.9 (0–100)

Postoperative complications
No 67 (72%)
Yes 26 (28%)

Unplanned ICU
No 77 (82.8%)
Yes 16 (17.2%)

ICU stay [days] 2.5 (1–9)

TO
No 44 (47.8%)
Yes 48 (52.2%)

No data: n = 1

Adjuvant chemotherapy
No 28 (35%)
Yes 52 (65%)

No data: n = 13
N—number, U—upper, M—median, L—lower, ypT—post-neoadjuvant pathological tumor stage, ypN—post-
neoadjuvant pathological nodal stage, CCI—comprehensive complication index, ICU—intensive care unit,
TO—textbook outcome.

3.2. Comparison of IBI Depending on Selected Demographic and Clinical Variables

A lower median IBI was observed among patients who received versus did not
receive NAC (7.9 vs. 185.7, respectively; p = 0.0002). Additionally, a higher median IBI
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was observed among patients with postoperative complications (32.8 vs. 7.9; p = 0.0499).
Detailed data comparing IBIs based on selected demographic and clinical variables are
presented in Table 2.

Table 2. Comparison of IBIs depending on selected demographic and clinical variables.

Variable
IBI

Median
[Interquartile Range]

p

Sex
Men 10.7 [2.9–144.95]

0.319Women 19.2 [3.2–281.1]

Age
<75 years 9.97 [2.85–181.10]

0.078≥75 years 59.06 [20.06–848.65]

Tumor localization
U 19.2 [3.9–128.9]

0.268M 15.3 [3–156.5]
L 7.5 [1.7–241.7]

Lauren’s type
Intestinal 10.0 [2.3–72.1]

0.245Mixed 8.6 [3.2–157.6]
Diffuse 56.2 [4.6–441.9]

(y)pT
0 2.3 [11–17.3]

0.439

1a 93 [79–178.2]
1b 140.8 [7.9–267.5]
2 5.4 [1.6–258.3]
3 16.2 [2.9–155.4]
4a 18.9 [6–217.4]
4b 256.5 [39.2–816.4]

(y)pN
0 10 [2–159.4]

0.284
1 9.3 [1.5–68.4]
2 22 [3.1–416.2]
3a 6.6 [1.7–97.9]
3b 55.4 [13.1–242.8]

Histopathological grading
G1 31.5 [4.3–261.1]

0.963G2 19.6 [2.8–182]
G3 10.7 [3.3–153.1]

Neoadjuvant chemotherapy
Yes 7.9 [2.5–124]

0.0002 *No 185.7 [68.5–780.7]

Tumor regression grade
1 2.3 [1.5–68.4]

0.509
2 7.1 [1.4–189.1]
3 6.2 [2.6–70]
4 10.5 [3.6–121.8]

Tumor regression grade
1 or 2 4.6 [1.4–161.4]

0.4743 or 4 7.9 [2.8–72.1]

Postoperative complications
No 7.9 [2.5–171.9]

0.0499 *Yes 32.8 [10–287.3]
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Table 2. Cont.

Variable
IBI

Median
[Interquartile Range]

p

Unplanned ICU
No 9.7 [2.7–184.8]

0.199Yes 28.7 [10.4–212.3]
IBI—inflammatory burden index, U—upper, M—median, L—lower, ypT—post-neoadjuvant pathological tumor
stage, ypN—post-neoadjuvant pathological nodal stage, ICU—intensive care unit, *—statistical significance.

ROC analysis revealed that the IBI (cutoff > 9.7) was associated with 76.9% sensi-
tivity and 53.7% specificity in predicting postoperative complications (AUC = 0.63, 95%
CI: 0.53–0.73; p = 0.0354; Figure 1).
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Figure 1. ROC curve demonstrating diagnostic usefulness of IBI assessment in predicting postopera-
tive complications. The red dot indicates a cutoff value of 9.7.

3.3. Influence of Selected Demographic and Clinical Variables on the Postoperative Complications

After controlling for demographic and clinical variables, a high IBI was associated
with a higher risk of postoperative complications (OR 2.95, 95% CI 1.13–7.72). Detailed data
regarding the influence of selected demographic and clinical variables on postoperative
complications are presented in Supplementary Table S1 and Figure 2.

3.4. Influence of Selected Demographic and Clinical Variables on Overall Survival

The median OS was 49 months. Detailed data regarding the association between
the selected demographic and clinical variables and OS are presented in Table 3 and
Figure 3. Among the studied demographic and clinical variables, lower tumor localization
(HR = 0.42, 95% Cl 0.22–0.78), Lauren’s intestinal type (HR = 0.43, 95% CI: 0.23–0.79), tumor
response to chemotherapy (HR = 0.24, 95% CI: 0.10–0.55), and TO (HR = 0.51, 95% CI:
0.28–0.93) were associated with a lower risk of death. In contrast, a high IBI (HR = 1.91,
95% CI: 1.05–3.48); (y)pT4 and low-grade tumors (HR = 1.98, 95% CI: 0.82–4.77; HR = 2.03,
95% CI: 1.12–3.71, respectively); lymph node metastases (HR = 3.54, 95% CI: 1.93–6.49); and
total gastrectomy (HR = 2.32, 95% CI: 1.24–4.33) were associated with a higher risk of death.
The association between survival and the IBI is depicted in Figure 4.
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the risk of postoperative complications. The red square highlights statistically significant results.

Table 3. Influence of selected demographic and clinical variables on overall survival.

Variable mOS (Months)
Univariable Multivariable

HR [95% CI] p HR [95% CI] p

Sex
Women 49

0.90 [0.48–1.68] 0.7288 0.69 [0.33–1.44] 0.3292Men NR

Age
<75 years 43

0.70 [0.29–1.73] 0.4946 0.69 [0.25–1.94] 0.4853≥75 years NR

Tumor localization
U, M 33

0.42 [0.22–0.78] 0.0189 * 0.65 [0.27–1.54] 0.3274L NR

Lauren histological type
Intestinal NR

0.43 [0.23–0.79] 0.0057 * 0.63 [0.32–1.24] 0.1848Diffuse/Mixed 25

(y)pT
0–3 54

1.98 [0.82–4.77] 0.0502 * 1.37 [0.65–2.90] 0.40984 17

(y)pN
N0 NR

3.54 [1.93–6.49] 0.0001 * 3.41 [1.64–7.12] 0.0011 *N+ 18

Histopathological grading
G3 NR

2.03 [1.12–3.71] 0.0193 * 0.56 [0.29–1.08] 0.0844G1, G2 26

Neoadjuvant chemotherapy
Yes 54

0.45 [0.17–1.19] 0.0593 * 0.40 [0.18–0.90] 0.0278 *No 8
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Table 3. Cont.

Variable mOS (Months)
Univariable Multivariable

HR [95% CI] p HR [95% CI] p

Tumor regression grade
3, 4 NR

0.24 [0.10–0.55] 0.0304 * 0.33 [0.07–1.45] 0.14411, 2 43

Type of gastrectomy
Proximal, Distal NR

2.32 [1.24–4.33] 0.0041 * 2.77 [1.45–5.31] 0.0022 *Total 16

TO
No 31

0.51 [0.28–0.93] 0.0269 * 0.42 [0.22–0.81] 0.0094 *Yes NR

Adjuvant chemotherapy
No 49

0.64 [0.31–1.31] 0.1877 0.54 [0.25–1.18] 0.1246Yes NR

LMR
Low NR

0.86 [0.47–2.57] 0.6157 0.82 [0.44–1.54] 0.5438High 54

PLR
Low 62

1.46 [0.80–2.67] 0.1975 1.07 [0.55–2.06] 0.8436High 25

NLR
Low NR

2.58 [1.41–4.73] 0.0017 * 2.55 [1.32–4.94] 0.0056 *High 18

IBI
Low NR

1.91 [1.05–3.48] 0.0337 * 2.56 [1.28–5.13] 0.0083 *High 27

mOS—median overall survival, HR—hazard ratio, CI—confidence interval, U—upper, M—median,
L—lower, ypT—post-neoadjuvant pathological tumor stage, ypN—post-neoadjuvant pathological nodal
stage, TO—textbook outcome, LMR—lymphocyte/monocyte ratio, PLR—platelet/lymphocyte ratio,
NLR—neutrophil/lymphocyte ratio, IBI—inflammatory burden index, *—statistical significance.

Cancers 2024, 16, x FOR PEER REVIEW 10 of 14 
 

 

 
Figure 3. Forest plot demonstrating a multivariable analysis of the influence of selected demo-
graphic and clinical variables on the risk of death. The red square highlights statistically significant 
results. 

 
Figure 4. Kaplan–Meier curves demonstrating survival probability depending on IBI level. 

In multivariable analysis, among studied demographic and clinical variables, NAC 
administration (HR = 0.40, 95% CI: 0.18–0.90) and achievement of TO (HR = 0.42, 95% CI: 

Figure 3. Forest plot demonstrating a multivariable analysis of the influence of selected demographic
and clinical variables on the risk of death. The red square highlights statistically significant results.



Cancers 2024, 16, 828 10 of 14

Cancers 2024, 16, x FOR PEER REVIEW 10 of 14 
 

 

 
Figure 3. Forest plot demonstrating a multivariable analysis of the influence of selected demo-
graphic and clinical variables on the risk of death. The red square highlights statistically significant 
results. 

 
Figure 4. Kaplan–Meier curves demonstrating survival probability depending on IBI level. 

In multivariable analysis, among studied demographic and clinical variables, NAC 
administration (HR = 0.40, 95% CI: 0.18–0.90) and achievement of TO (HR = 0.42, 95% CI: 

Figure 4. Kaplan–Meier curves demonstrating survival probability depending on IBI level.

In multivariable analysis, among studied demographic and clinical variables, NAC
administration (HR = 0.40, 95% CI: 0.18–0.90) and achievement of TO (HR = 0.42, 95% CI:
0.22–0.81) were associated with a lower risk of death. On the other hand, (y)pN (HR = 3.41,
95% CI: 1.64–7.12), type of gastrectomy (HR = 2.77, 95% CI: 1.45–5.31), a high IBI (HR = 2.56,
95% CI: 1.28–5.13; Figure 3), and a high NLR (HR = 2.55, 95% CI: 1.32–4.94) were associated
with a higher risk of death.

The correlation between the selected demographic and clinical variables and IBI
remained insignificant, except for NLR (rho = 0.672, p < 0.0001), PLR (rho = 0.391, p = 0.0001),
and LMR (rho = −0.475, p < 0.0001) (Supplementary Table S2).

4. Discussion

Inflammatory markers reflect the correlation between the tumor microenvironment
and the host immune response [27]. These markers can assist in tailoring therapeutic strate-
gies among patients with GC as indicators of tumor aggressiveness and treatment response.
One of the most promising and innovative prognostic markers, the IBI, comprehensively
evaluates inflammatory load in cancer patients [17]. To the best of our knowledge, this is
the first study to assess the IBI as a prognostic marker in a Central European GC population
undergoing multimodal treatment. Patients who received NAC demonstrated a lower
IBI compared with individuals who underwent upfront surgery. Furthermore, a high IBI
was the sole variable associated with an increased risk of postoperative complications. In
addition, a high IBI was associated with an increased risk of death.

The IBI has emerged as a valuable tool in assessing the complexity of the inflammatory
process by incorporating three essential parameters: CRP, neutrophils, and lymphocytes.
Increased serum CRP is thought to be the most significant clinical parameter of acute
inflammation, while neutrophils and lymphocytes are vital cellular components in the
immune response [27–29]. Cancer patients experience dysregulation of the balance between
pro- and anti-inflammatory processes, contributing to tumor growth, progression, and
metastasis [30]. The first comprehensive analysis of these three parameters combined into
an IBI biomarker was presented by Xie et al. in their prospective multicenter analysis of
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6359 cancer patients [17]. The IBI was an independent high-risk factor associated with life
functions, nutritional status, and short-term outcomes. In the current analysis, only high
IBIs demonstrated an association with an increased risk of postoperative complications. Of
note, NLR alone without CRP was not associated with morbidity. This finding emphasized
the important role of both CRP and monitoring its values in a patient’s clinical presenta-
tion in the postoperative course. Despite significant variation in reported cutoff values,
numerous studies have confirmed the potential of CRP levels as an early predictor of major
postoperative complications after gastrectomy [31–33]. The serum-CRP peak is observed
approximately 48 h after initiating an acute inflammatory response among patients with
minor or no complications, and the highest diagnostic accuracy for the ratio of CRP levels
in the early prediction of major postoperative complications was demonstrated from post-
operative day 3 to day 2 in [34]. The inflammatory burden following gastrectomy could
be modified through interventions such as preoperative steroid injections or perioperative
probiotic supplementation [35–37]. Both procedures have demonstrated promising results
in improving short-term outcomes, which could impact the proportion of patients eligible
for adjuvant chemotherapy. Several ongoing studies will hopefully verify these results in a
randomized setting and potentially modify clinical decision making [38].

To date, there has only been one attempt to verify the applicability of the IBI in a
population of locally advanced GC patients [18]. Among 103 patients undergoing curative
intent gastrectomy, 60 patients (58.25%) had a high IBI, and the remaining group was
classified as IBI-low. The results demonstrated worse treatment outcomes among patients
with a higher inflammatory burden. However, the available data on NAC administration
demonstrated inconsistent results. In contrast, with a cohort of 84.9% of patients who
underwent preoperative chemotherapy, the median IBI in the NAC group was 7.9 versus
185.7 in the group subjected to upfront surgery. A recent evaluation assessing the predictive
role of changes in inflammatory and nutritional markers during the perioperative period
among patients with advanced GC demonstrated that multiple cycles of NAC decreased
CRP and lymphocytes and increased neutrophils [39]. Therefore, preoperative chemother-
apy administration can minimize the inflammation burden with a further potential impact
on the patient’s survival.

The relationship between IBI and survival among cancer patients has been a subject
of previous research [17,18]. One analysis highlighted that IBI-low patients had better
survival than IBI-high individuals (69.1% vs. 45.7%, respectively). In research dedicated to
locally advanced GC patients, a high IBI was correlated with a lower 5-year OS and DFS
compared with individuals who were IBI-low (OS: 70% vs. 791%; DFS: 50% vs. 74.4%) [18].
The differences in survival were also noted in a subgroup analysis and concerned all
pathological stages. Despite the differences in treatment regimens, the results of this
previous study were consistent with the current study. Along with NAC, the achievement
of a TO was an independent prognostic factor in multivariable analysis. However, future
research should focus on larger cohorts to provide a more comprehensive understanding
of the IBI’s prognostic value in GC patients.

The results of this study should be interpreted within the context of certain limita-
tions. This single-institution research had a retrospective design, which may limit the
generalizability of the findings. A limited dataset allowed for IBI evaluation at a single
time point only. Further studies should focus on continuous IBI assessment throughout
the multimodal treatment of GC patients and validate the utility of IBI assessment as a
predictive factor for postoperative complications and a prognostic factor in a larger cohort.

5. Conclusions

The IBI might be associated with postoperative complications and mortality among
GC patients undergoing multimodal treatment. Further research is warranted to validate
the IBI as a reliable risk stratification and treatment decision-making marker.
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and clinical variables on the risk of postoperative complications. Table S2: Assessment of the
correlations between the selected demographic and clinical variables and IBI values.

Author Contributions: Conceptualization, Z.P., K.S., K.G., W.P.P., T.M.P. and K.R.-P.; data curation,
K.S., M.L., K.M., P.R., O.Z. and M.S.; formal analysis, K.S., R.M., P.R. and J.J.; investigation, M.L., K.G.
and K.R.-P.; methodology, Z.P., K.S., R.M., M.L., J.J., M.S., W.P.P. and K.R.-P.; project administration,
Z.P. and K.G.; software, K.M. and A.R.; supervision, M.S., W.P.P., T.M.P. and K.R.-P.; validation, R.M.,
O.Z. and A.R.; visualization, K.S. and R.M.; writing—original draft, Z.P., R.M., M.L., K.M., P.R., O.Z.,
T.M.P. and K.R.-P.; writing—review and editing, Z.P., J.J., A.R., M.S., W.P.P., T.M.P. and K.R.-P. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of the Medical University of Lublin
(KE—0254/331/2018).

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

Data Availability Statement: Upon special request and in accordance with ethical considerations,
the authors will share the research data supporting the reported results.

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

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA A Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
[PubMed]

2. Etemadi, A.; Safiri, S.; Sepanlou, S.G.; Ikuta, K.; Bisignano, C.; Shakeri, R.; Amani, M.; Fitzmaurice, C.; Nixon, M.; Abbasi, N.; et al.
The global, regional, and national burden of stomach cancer in 195 countries, 1990–2017: A systematic analysis for the Global
Burden of Disease study 2017. Lancet Gastroenterol. Hepatol. 2020, 5, 42–54. [CrossRef] [PubMed]

3. Lordick, F.; Carneiro, F.; Cascinu, S.; Fleitas, T.; Haustermans, K.; Piessen, G.; Vogel, A.; Smyth, E.C.; ESMO Guidelines Committee.
Gastric cancer: ESMO Clinical Practice Guideline for diagnosis, treatment and follow-up. Ann. Oncol. 2022, 33, 1005–1020.
[CrossRef] [PubMed]

4. Ajani, J.A.; D’Amico, T.A.; Bentrem, D.J.; Chao, J.; Cooke, D.; Corvera, C.; Das, P.; Enzinger, P.C.; Enzler, T.; Fanta, P.; et al. Gastric
Cancer, Version 2.2022, NCCN Clinical Practice Guidelines in Oncology. J. Natl. Compr. Cancer Netw. 2023, 20, 167–192. [CrossRef]
[PubMed]

5. Japanese Gastric Cancer Association. Japanese Gastric Cancer Treatment Guidelines 2021 (6th edition). Gastric Cancer 2023, 26,
1–25. [CrossRef] [PubMed]

6. Smyth, E.C.; Nilsson, M.; Grabsch, H.I.; van Grieken, N.C.; Lordick, F. Gastric cancer. Lancet 2020, 396, 635–648. [CrossRef]
7. Crusz, S.M.; Balkwill, F.R. Inflammation and cancer: Advances and new agents. Nat. Rev. Clin. Oncol. 2015, 12, 584–596.

[CrossRef]
8. Xu, Z.; Xu, W.; Cheng, H.; Shen, W.; Ying, J.; Cheng, F.; Xu, W. The Prognostic Role of the Platelet-Lymphocytes Ratio in Gastric

Cancer: A Meta-Analysis. PLoS ONE 2016, 11, e0163719. [CrossRef]
9. Jiang, X.; Hiki, N.; Nunobe, S.; Kumagai, K.; Kubota, T.; Aikou, S.; Sano, T.; Yamaguchi, T. Prognostic importance of the

inflammation-based Glasgow prognostic score in patients with gastric cancer. Br. J. Cancer 2012, 107, 275–279. [CrossRef]
10. Yin, X.; Fang, T.; Wang, Y.; Wang, Y.; Zhang, D.; Li, C.; Xue, Y. Prognostic significance of serum inflammation indexes in different

Lauren classification of gastric cancer. Cancer Med. 2021, 10, 1103–1119. [CrossRef]
11. Hirahara, N.; Matsubara, T.; Kaji, S.; Hayashi, H.; Sasaki, Y.; Kawakami, K.; Hyakudomi, R.; Yamamoto, T.; Tajima, Y. Novel

inflammation-combined prognostic index to predict survival outcomes in patients with gastric cancer. Oncotarget 2023, 14, 71–82.
[CrossRef]

12. Ilze, S.; Tatjana, B.; Arturs, K.; Boriss, S.; Roberts, R.; Andrejs, V.; Inese, D.; Dzeina, M.; Arnis, A.; Arvids, J.; et al. Systemic
Inflammatory Reaction in Gastric Cancer: Biology and Practical Implications of Neutrophil to Lymphocyte Ratio, Glasgow
Prognostic Score and Related Parameters. In Gastric Cancer; Gyula, M., Oszkár, K., Eds.; IntechOpen: Rijeka, Croatia, 2017.
[CrossRef]

13. Kudou, K.; Kusumoto, T.; Nambara, S.; Tsuda, Y.; Kusumoto, E.; Yoshida, R.; Sakaguchi, Y.; Ikejiri, K. New index combining
multiple inflammation-based prognostic scores for predicting the prognosis of gastric cancer patients. JGH Open 2022, 6, 171–178.
[CrossRef]

14. Jeong, J.H.; Lim, S.M.; Yun, J.Y.; Rhee, G.W.; Lim, J.Y.; Cho, J.Y.; Kim, Y.R. Comparison of two inflammation-based prognostic
scores in patients with unresectable advanced gastric cancer. Oncology 2012, 83, 292–299. [CrossRef]

https://www.mdpi.com/article/10.3390/cancers16040828/s1
https://www.mdpi.com/article/10.3390/cancers16040828/s1
https://doi.org/10.3322/caac.21660
https://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1016/S2468-1253(19)30328-0
https://www.ncbi.nlm.nih.gov/pubmed/31648970
https://doi.org/10.1016/j.annonc.2022.07.004
https://www.ncbi.nlm.nih.gov/pubmed/35914639
https://doi.org/10.6004/jnccn.2022.0008
https://www.ncbi.nlm.nih.gov/pubmed/35130500
https://doi.org/10.1007/s10120-022-01331-8
https://www.ncbi.nlm.nih.gov/pubmed/36342574
https://doi.org/10.1016/S0140-6736(20)31288-5
https://doi.org/10.1038/nrclinonc.2015.105
https://doi.org/10.1371/journal.pone.0163719
https://doi.org/10.1038/bjc.2012.262
https://doi.org/10.1002/cam4.3706
https://doi.org/10.18632/oncotarget.28353
https://doi.org/10.5772/intechopen.69723
https://doi.org/10.1002/jgh3.12723
https://doi.org/10.1159/000342376


Cancers 2024, 16, 828 13 of 14

15. Hacker, U.T.; Hasenclever, D.; Baber, R.; Linder, N.; Busse, H.; Obermannova, R.; Zdrazilova-Dubska, L.; Valik, D.; Lordick, F.
Modified Glasgow prognostic score (mGPS) is correlated with sarcopenia and dominates the prognostic role of baseline body
composition parameters in advanced gastric and esophagogastric junction cancer patients undergoing first-line treatment from
the phase III EXPAND trial. Ann. Oncol. 2022, 33, 685–692. [CrossRef] [PubMed]

16. Zhou, J.; Wei, W.; Hou, H.; Ning, S.; Li, J.; Huang, B.; Liu, K.; Zhang, L. Prognostic Value of C-Reactive Protein, Glasgow
Prognostic Score, and C-Reactive Protein-to-Albumin Ratio in Colorectal Cancer. Front. Cell Dev. Biol. 2021, 9, 637650. [CrossRef]
[PubMed]

17. Xie, H.; Ruan, G.; Ge, Y.; Zhang, Q.; Zhang, H.; Lin, S.; Song, M.; Zhang, X.; Liu, X.; Li, X.; et al. Inflammatory burden as a
prognostic biomarker for cancer. Clin. Nutr. 2022, 41, 1236–1243. [CrossRef]

18. Ding, P.; Wu, H.; Liu, P.; Sun, C.; Yang, P.; Tian, Y.; Guo, H.; Liu, Y.; Zhao, Q. The inflammatory burden index: A promising
prognostic predictor in patients with locally advanced gastric cancer. Clin. Nutr. 2023, 42, 247–248. [CrossRef] [PubMed]

19. In, H.; Solsky, I.; Palis, B.; Langdon-Embry, M.; Ajani, J.; Sano, T. Validation of the 8th Edition of the AJCC TNM Staging System
for Gastric Cancer using the National Cancer Database. Ann. Surg. Oncol. 2017, 24, 3683–3691. [CrossRef]

20. von Elm, E.; Altman, D.G.; Egger, M.; Pocock, S.J.; Gotzsche, P.C.; Vandenbroucke, J.P.; Initiative, S. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement: Guidelines for reporting observational studies. Lancet
2007, 370, 1453–1457. [CrossRef]

21. Al-Batran, S.E.; Hofheinz, R.D.; Pauligk, C.; Kopp, H.G.; Haag, G.M.; Luley, K.B.; Meiler, J.; Homann, N.; Lorenzen, S.;
Schmalenberg, H.; et al. Histopathological regression after neoadjuvant docetaxel, oxaliplatin, fluorouracil, and leucovorin
versus epirubicin, cisplatin, and fluorouracil or capecitabine in patients with resectable gastric or gastro-oesophageal junction
adenocarcinoma (FLOT4-AIO): Results from the phase 2 part of a multicentre, open-label, randomised phase 2/3 trial. Lancet
Oncol. 2016, 17, 1697–1708. [CrossRef]

22. Kolfschoten, N.E.; Kievit, J.; Gooiker, G.A.; van Leersum, N.J.; Snijders, H.S.; Eddes, E.H.; Tollenaar, R.A.; Wouters, M.W.;
Marang-van de Mheen, P.J. Focusing on desired outcomes of care after colon cancer resections; hospital variations in ‘textbook
outcome’. Eur. J. Surg. Oncol. 2013, 39, 156–163. [CrossRef]

23. van der Kaaij, R.T.; de Rooij, M.V.; van Coevorden, F.; Voncken, F.E.M.; Snaebjornsson, P.; Boot, H.; van Sandick, J.W. Using
textbook outcome as a measure of quality of care in oesophagogastric cancer surgery. Br. J. Surg. 2018, 105, 561–569. [CrossRef]

24. Busweiler, L.A.; Schouwenburg, M.G.; van Berge Henegouwen, M.I.; Kolfschoten, N.E.; de Jong, P.C.; Rozema, T.; Wijnhoven, B.P.;
van Hillegersberg, R.; Wouters, M.W.; van Sandick, J.W.; et al. Textbook outcome as a composite measure in oesophagogastric
cancer surgery. Br. J. Surg. 2017, 104, 742–750. [CrossRef]

25. Becker, K.; Mueller, J.D.; Schulmacher, C.; Ott, K.; Fink, U.; Busch, R.; Böttcher, K.; Siewert, J.R.; Höfler, H. Histomorphology
and grading of regression in gastric carcinoma treated with neoadjuvant chemotherapy. Cancer 2003, 98, 1521–1530. [CrossRef]
[PubMed]

26. Baiocchi, G.L.; D’Ugo, D.; Coit, D.; Hardwick, R.; Kassab, P.; Nashimoto, A.; Marrelli, D.; Allum, W.; Berruti, A.; Chandramohan,
S.M.; et al. Follow-up after gastrectomy for cancer: The Charter Scaligero Consensus Conference. Gastric Cancer 2016, 19, 15–20.
[CrossRef]

27. 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]

28. Kuroda, K.; Toyokawa, T.; Miki, Y.; Yoshii, M.; Tamura, T.; Tanaka, H.; Lee, S.; Muguruma, K.; Yashiro, M.; Ohira, M. Prognostic
impact of postoperative systemic inflammatory response in patients with stage II/III gastric cancer. Sci. Rep. 2022, 12, 3025.
[CrossRef]

29. Sun, Y.; Yang, L.; Wang, C.; Zhao, D.; Cai, J.; Li, W.; Zhang, W.; Huang, J.; Zhou, A. Prognostic factors associated with locally
advanced gastric cancer patients treated with neoadjuvant chemotherapy followed by surgical resection. Oncotarget 2017, 8,
75186–75194. [CrossRef]

30. Coussens, L.M.; Werb, Z. Inflammation and cancer. Nature 2002, 420, 860–867. [CrossRef] [PubMed]
31. Kim, E.Y.; Yim, H.W.; Park, C.H.; Song, K.Y. C-reactive protein can be an early predictor of postoperative complications after

gastrectomy for gastric cancer. Surg. Endosc. 2017, 31, 445–454. [CrossRef] [PubMed]
32. Shi, J.; Wu, Z.; Wang, Q.; Zhang, Y.; Shan, F.; Hou, S.; Ying, X.; Huangfu, L.; Li, Z.; Ji, J. Clinical predictive efficacy of C-reactive

protein for diagnosing infectious complications after gastric surgery. Therap Adv. Gastroenterol. 2020, 13, 1756284820936542.
[CrossRef] [PubMed]

33. Shishido, Y.; Fujitani, K.; Yamamoto, K.; Hirao, M.; Tsujinaka, T.; Sekimoto, M. C-reactive protein on postoperative day 3 as a
predictor of infectious complications following gastric cancer resection. Gastric Cancer 2016, 19, 293–301. [CrossRef] [PubMed]

34. Luo, B.; Liao, Q.; Zheng, J.; Hu, W.; Yao, X.; Li, Y.; Wang, J. The ratio of serum C-reactive protein level on postoperative day
3 to day 2 is a good marker to predict postoperative complications after laparoscopic radical gastrectomy for gastric cancer.
Langenbecks Arch. Surg. 2022, 407, 1451–1460. [CrossRef] [PubMed]

35. Zhang, Y.; Li, S.; Yan, C.; Chen, J.; Shan, F. Perioperative Use of Glucocorticoids and Intraoperative Hypotension May Affect the
Incidence of Postoperative Infection in Patients with Gastric Cancer: A Retrospective Cohort Study. Cancer Manag. Res. 2021, 13,
7723–7734. [CrossRef]

https://doi.org/10.1016/j.annonc.2022.03.274
https://www.ncbi.nlm.nih.gov/pubmed/35395383
https://doi.org/10.3389/fcell.2021.637650
https://www.ncbi.nlm.nih.gov/pubmed/34765598
https://doi.org/10.1016/j.clnu.2022.04.019
https://doi.org/10.1016/j.clnu.2023.01.005
https://www.ncbi.nlm.nih.gov/pubmed/36653262
https://doi.org/10.1245/s10434-017-6078-x
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S1470-2045(16)30531-9
https://doi.org/10.1016/j.ejso.2012.10.007
https://doi.org/10.1002/bjs.10729
https://doi.org/10.1002/bjs.10486
https://doi.org/10.1002/cncr.11660
https://www.ncbi.nlm.nih.gov/pubmed/14508841
https://doi.org/10.1007/s10120-015-0513-0
https://doi.org/10.1371/journal.pone.0236445
https://doi.org/10.1038/s41598-022-07098-3
https://doi.org/10.18632/oncotarget.20660
https://doi.org/10.1038/nature01322
https://www.ncbi.nlm.nih.gov/pubmed/12490959
https://doi.org/10.1007/s00464-016-5272-4
https://www.ncbi.nlm.nih.gov/pubmed/27734201
https://doi.org/10.1177/1756284820936510.3390/cancers1604082842
https://www.ncbi.nlm.nih.gov/pubmed/32670413
https://doi.org/10.1007/s10120-014-0455-y
https://www.ncbi.nlm.nih.gov/pubmed/25560875
https://doi.org/10.1007/s00423-022-02469-w
https://www.ncbi.nlm.nih.gov/pubmed/35199220
https://doi.org/10.2147/CMAR.S333414


Cancers 2024, 16, 828 14 of 14

36. McSorley, S.T.; Horgan, P.G.; McMillan, D.C. The impact of preoperative corticosteroids on the systemic inflammatory response
and postoperative complications following surgery for gastrointestinal cancer: A systematic review and meta-analysis. Crit. Rev.
Oncol./Hematol. 2016, 101, 139–150. [CrossRef] [PubMed]

37. Liu, G.; Cao, S.; Liu, X.; Li, Z.; Tian, Y.; Zhang, X.; Zhong, H.; Zhou, Y. Effect of perioperative probiotic supplements on
postoperative short-term outcomes in gastric cancer patients receiving neoadjuvant chemotherapy: A double-blind, randomized
controlled trial. Nutrition 2022, 96, 111574. [CrossRef]

38. Magnin, J.; Fournel, I.; Doussot, A.; Régimbeau, J.-M.; Zerbib, P.; Piessen, G.; Beyer-Berjot, L.; Deguelte, S.; Lakkis, Z.;
Schwarz, L.; et al. Benefit of a flash dose of corticosteroids in digestive surgical oncology: A multicenter, randomized, double
blind, placebo-controlled trial (CORTIFRENCH). BMC Cancer 2022, 22, 913. [CrossRef]

39. Zhang, R.; Hu, C.; Zhang, J.; Zhang, Y.; Yuan, L.; Yu, P.; Wang, Y.; Bao, Z.; Cao, M.; Ruan, R.; et al. Prognostic significance of
inflammatory and nutritional markers in perioperative period for patients with advanced gastric cancer. BMC Cancer 2023, 23, 5.
[CrossRef]

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/10.1016/j.critrevonc.2016.03.011
https://www.ncbi.nlm.nih.gov/pubmed/26997303
https://doi.org/10.1016/j.nut.2021.111574
https://doi.org/10.1186/s12885-022-09998-z
https://doi.org/10.1186/s12885-022-10479-6

	Introduction 
	Materials and Methods 
	Study Design and Data Source 
	Neoadjuvant Chemotherapy 
	Inflammatory Response Markers 
	Textbook Outcome 
	Tumor Regression Grade 
	Endpoints of the Study 
	Statistical Analysis 

	Results 
	Patient Characteristics 
	Comparison of IBI Depending on Selected Demographic and Clinical Variables 
	Influence of Selected Demographic and Clinical Variables on the Postoperative Complications 
	Influence of Selected Demographic and Clinical Variables on Overall Survival 

	Discussion 
	Conclusions 
	References

