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Background: Patients with gastric cancer (GC) present with chronic inflammation

and malnutrition risk. Lymphocyte-to-C-reactive protein ratio (LCR) and food

intake are promising indicators for predicting inflammatory and nutritional states.

Methods: This multi-center cohort study included 763 patients with GC. Time-

dependent receiver operating characteristic curves were generated to determine

the prediction accuracy of 16 systemic inflammatory indicators. Association of

the model constructed by LCR and food intake with overall survival (OS) were

analyzed using the Kaplan–Meier method and Cox regression model.

Results: In this analysis, patients with reduced food intake accounted for 60.4%.

The area under the curve and C-index of LCR for all-cause mortality were higher

than those of the other indicators in patients with GC and there was a significant

inverse relationship between LCR and all-cause mortality (per SD increment HR:

0.79, 95% CI: 0.65–0.96; P = 0.016). Patients with reduced food intake had lower

LCR than those patients without reduced food intake. Low LCR had combined

effects with reduced food intake on unfavorable OS of patients with GC.

Conclusions: Combined assessment of inflammation and food intake contributes

to prognostic stratification of GC. Active therapeutic measures to reduce

inflammation and increase nutrition may improve outcomes of affected patients.
KEYWORDS
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1 Introduction

Gastric cancer (GC) is one of the most malignant cancers

globally, ranking fifth in incidence and fourth in mortality (1).

Increasing evidence shows malnutrition, immune escape, and

systemic inflammatory response, are associated with poor

outcomes in patients with GC (2–4). Tumor-related systemic

inflammation plays a crucial role in the development and

metastasis of tumor cells as it allows these cells to evade immune

system recognition and subsequent destruction (5, 6). Systemic

inflammatory response affects the cancer microenvironment,

causing tumor cells to proliferate, metastasize, and weaken the

response to anticancer drugs (7). Previous studies have shown that

in addition to the well-established evidences supporting C-reactive

protein (CRP) as a systemic inflammatory marker, lymphocytes

could also be used to assess immune-nutrition status (8, 9). When

combining lymphocytes and CRP, several scholars found that

lymphocyte to C-reactive protein ratio (LCR) may be a more

promising biomarker for reflection of the systemic immune-

inflammation status in patients with malignancies.

A significant percentage of malnutrition at the time of diagnosis in

patients with GC owing to the inherent characteristics and tumor

factors, resulting in a deteriorating systemic metabolic response, or the

inevitable progression of malnutrition owing to increasing

chemoradiotherapy-induced toxicity, remains a clinical challenge for

both patients and physicians (10–12). A recent study using the Global

Leadership Initiative on Malnutrition (GLIM) reported that the

prevalence of malnutrition risk in patients with GC was 53% (13).

The mechanisms underlying the progression of malnutrition in

patients with GC can be attributed to inadequate food intake and

aberrant metabolism caused by varied degrees of systemic

inflammation induced by cancer, treatment, or both (14, 15).

Reduced food intake is a frequent finding in advanced malignant

disease, especially GC. However, few studies have addressed the

prognostic significance of the combined assessment of LCR and food

intake in patients with GC.

We aimed to verify whether LCR is the best indicator for assessing

the inflammation burden by comparing the prediction accuracy of 16

systemic inflammatory indicators including CRP, LCR, prognostic

nutritional index (PNI), neutrophil to lymphocyte ratio (NLR),

glucose to lymphocyte ratio (GLR), advanced lung cancer

inflammation index (ALI), systemic immune inflammation index

(SII), C-reactive protein to albumin ratio (CAR), controlling

nutritional status score (CONUT), modified Glasgow prognostic

score (mGPS), geriatric nutritional risk index (GNRI), modified

geriatric nutritional risk index (mGNRI), albumin to globulin ratio

(AGR), nutritional risk index(NRI), platelet to lymphocyte ratio (PLR),

and lymphocyte to CRP ratio score (LCS), as well as to determine

prognostic significance of the combined assessment of LCR and food

intake in patients with GC.
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2 Methods

2.1 Study population and design

This multicenter cohort study recruited 1543 patients aged 18–95

years, diagnosed with GC by pathology underwent routine

examinations, who were enrolled at more than 40 clinical centers

throughout China from April 2013 through December 2022. The

specific inclusion criteria were as follows: (1) patients with gastric

cancer; (2) length of hospital stay >48 h; and (3) diagnosis of solid

tumors at any stage. Patients with incomplete clinical data or those lost

to follow-up at the beginning and subsequent follow-up were excluded.

Finally, 763 patients with GC were enrolled in this study. All

participants signed informed consent forms prior to study entry

(Registration number: ChiCTR1800020329; Date of trial registration:

24/12/2018). This study complied with the Declaration of Helsinki and

was approved by the institutional ethics committees of Beijing

Shijitan Hospital.
2.2 Data collection and variable definition

We collected information on the clinicopathological characteristics

of all participants, including age, gender, alcohol consumption,

smoking status, previous treatments (surgery, chemotherapy and

radiotherapy), TNM stage, Karnofsky Performance Status (KPS) and

laboratory routine blood tests. Blood samples from all patients were

drawn within 48 hours after admission. Counts of neutrophils and

lymphocytes, as well as the levels of CRP and albumin were recorded.

These measurements were standardized to account for systematic

differences in location and/or scale of measurements between

laboratories. The TNM stage was classified following the guidelines

by the eighth AJCC TNM staging system. Inflammatory burden

assessments were performed using several parameters including LCR,

PNI, CAR, CRP, ALI, mGNRI, LCS, NRI, GNRI, AGR, NLR, CONUT,

GLR, PLR, SII, and mGPS. LCR was defined as the lymphocyte count

divided by the CRP ratio. PNI was calculated using the formula PNI =

serum albumin concentration (g/L) + 5×absolute lymphocyte count

(10^9/L) (16). The calculation formulas for all indicators are shown in

Supplementary Table S1. Patient-generated subjective nutrition

assessment (PG-SGA), KPS and self-reported symptoms were also

taken and recorded by trained staff at baseline. Reduced food intake

was assessed by the PG-SGA scale and some simple questions

(Supplementary Methods).
2.3 Outcome evaluation

All patients were regularly followed up by telephone or

outpatient visits to collect information on clinical outcomes.
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Overall survival (OS) time was defined as the interval between the

first assessment in the clinic until the date of death, date of

withdrawal from the study, or the time of the last follow-up. The

primary objective was to verify whether LCR is the best indicator for

assessing the inflammation burden by comparing the prediction

accuracy of 16 systemic inflammatory indicators including CRP,

LCR, PNI, NLR, GLR, ALI, SII, CAR, CONUT, mGPS, GNRI,

mGNRI, AGR, NRI, PLR, and LCS, as well as to determine

prognostic significance of the combined assessment of LCR and

food intake in patients with GC.
2.4 Statistical analysis

Descriptive statistics are presented as mean ± standard

deviation (SD) for continuous variables and as numbers for

categorical variables. The continuous and categorical variables

were compared using the Student’s t-test and the c2 test,

respectively. The area under the curves (AUC) and C-index were

calculated to determine the best indicator for assessing the

inflammation burden. Restricted cubic spline regression was

performed to evaluate the association between LCR and OS.

Maximally selected rank statistics were used to calculate the

optimal cut-off value for LCR (17). Depending on the calculated

cut-off point, the patients were classified into high LCR, low LCR,

Non-Reduced food intake, and Reduced food intake groups for

subsequent analysis. Cox proportional hazard models were used to

calculate hazard ratios (HRs) and 95% confidence intervals (CIs).

Model A adjusted for age, gender, tumor stage, and BMI, while

Model B adjusted for age, gender, smoking, drinking, tumor stage,

BMI, KPS, PG-SGA, surgery, radiotherapy, and chemotherapy.

Survival curves were plotted using the Kaplan–Meier method and

the Log rank test. We also conducted a sensitivity analysis. Given

that chronic inflammatory diseases may affect the results of this

study, we excluded patients with known inflammatory bowel

disease, chronic obstructive pulmonary disease, rheumatic

diseases, and Alzheimer’s disease. All two-tailed statistical P

values <0.05 were considered statistically different. All analyses

were performed using R software, version 4.0.5.
3 Results

3.1 Patient characteristics

In this study, a total of 763 cases were enrolled in the cohort, the

specific flow chart is shown in Supplementary Figure S1. Among the

entire group, the age distribution was 59.12 ± 11.87 years, and 534

(70.0%) of the patients were male. Patients with reduced food intake

accounted for 60.4% (Supplementary Table S2). Based on the LCR

cut-off value of 6451.6 for OS, 234 (30.7%) and 529 (69.3%) patients

were classified as having high and low LCR, respectively. The

comparison of the patients’ demographic and clinicopathological

characteristics between patients with and without reduced food

intake, and the high and low LCR groups are presented in Table 1.
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There were significant associations between low LCR and old age,

surgery, reduced food intake, higher TNM stages, PG-SGA,

neutrophil count and lower KPS, serum albumin concentration,

lymphocyte count, and PNI level. Reduced food intake was

associated with higher TNM stages, PG-SGA and lower BMI,

KPS, serum albumin concentration, lymphocyte count, LCR level,

and PNI level.
3.2 LCR is the most accurate prognostic
systemic inflammatory indicator for
assessing the survival

Time-dependent changes in the AUCs of the 16 indicators for

OS rate are shown in Figure 1. The AUC value of LCR was the

highest than that of other indicators, indicating that LCR was the

superior prognostic biomarker for predicting OS of patients with

GC. Consistently, among the 16 systemic inflammatory indicators,

the C-index values of all indicators were more than 0.5 in predicting

OS, with LCR having the highest C-index value of 0.642(0.610,

0.674) (Supplementary Table S3).
3.3 Relationship between LCR levels or
food intake and all-cause mortality

When analyzed as a continuous variable, restricted cubic splines

showed a significant inverse relationship between LCR levels and

all-cause mortality in patients with GC (per SD increase HR, 0.79;

95% CI: 0.65–0.96; P = 0.016) (Supplementary Figure S2, Table 2).

We constructed different adjustment models to reduce clinical bias.

Particularly, Model a was adjusted for age, gender, tumor stage and

BMI; Model b was adjusted for age, gender, smoking, drinking,

tumor stage, BMI, KPS, PG-SGA, surgery, radiotherapy, and

chemotherapy. The risk of all-cause mortality was significantly

higher in patients with low LCR than in those with high LCR

(adjusted HR, 1.94; 95% CI: 1.46–2.58, P < 0.001). When LCR was

classified into quartiles (Q1: >7511.68, Q2: 3973.29–7511.68, Q3:

1016.92–3973.29, Q4: < 1016.92), patients with LCR of Q2 (adjusted

HR, 1.73; 95% CI: 1.2–2.49; P = 0.003), Q3 (adjusted HR, 1.92; 95%

CI: 1.35–2.72; P < 0.001) and Q4 (adjusted HR, 2.36; 95% CI: 1.66–

3.36; P < 0.001) were significantly correlated with worse prognosis

compared with that of the Q1 group (Table 2). In addition, there

was a significant increasing trend in the risk of all-cause mortality in

patients with reduced food intake compared with individuals

without reduced food intake, with an adjusted HR of 1.27 (95%

CI: 0.97–1.68, P = 0.09).
3.4 Association of the model constructed
by LCR and food intake with all-cause
mortality

In the analysis of the distribution of LCR levels in the reduced

food intake population and non-reduced food intake population in
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https://doi.org/10.3389/fonc.2025.1669838
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wang et al. 10.3389/fonc.2025.1669838
the cohort, it was found that LCR levels were lower in patients with

reduced food intake than those patients without reduced food

intake (P < 0.001) (Supplementary Figure S3). Table 3 shows the

association of the model constructed by LCR and food intake with

all-cause mortality. Compared with patients with high LCR and

without reduced food intake, the patients with high LCR and

reduced food intake, low LCR and without reduced food intake,

and low LCR and reduced food intake were all positively correlated

with worse prognosis (HR, 1.72; 95% CI: 1.04–2.84; HR, 2.54; 95%

CI: 1.63–3.95; HR, 2.67; 95% CI: 1.72–4.15, respectively) after

adjusting for the confounding factors.
Frontiers in Oncology 04
3.5 Survival outcomes of patients with GC

Kaplan–Meier curve results indicated that patients with low

LCR had unfavorable survival than those patients with high LCR

(Figure 2A). The survival time of patients without reduced food

intake was longer than that of patients with reduced food intake

(Figure 2B). In the model constructed by LCR and food intake,

patients with low LCR and reduced food intake had the poorest

survival compared with those of the other three groups (Figure 2C).

When using the receiver operating characteristic (ROC) curve to

evaluate the prediction effect of each model, the results showed that
TABLE 1 Characteristics of the study population with gastric cancer stratified by LCR and food intake.

Characteristics
High LCR Low LCR

P

Non-reduced food
intake

Reduced food
intake P

(n=234) (n=529) (n=302) (n=461)

Age, mean (SD) 57.59 (12.46) 59.81 (11.54) 0.018 58.31 (11.84) 59.65 (11.87) 0.127

Gender, n (%) 0.185 0.406

Male 172 (73.5) 362 (68.4) 217 (71.9) 317 (68.8)

Female 62 (26.7) 167 (31.5) 5 (28.1) 144 (31.2)

BMI, mean (SD) 21.15 (3.04) 21.19 (3.18) 0.888 21.49 (3.18) 20.97 (3.09) 0.027

Surgery 115 (49.1) 316 (59.7) 0.008 169 (56.0) 262 (56.8) 0.870

Radiotherapy, n (%) 0.696 0.343

Yes 2 (0.9) 8 (1.5) 2 (0.7) 8 (1.7)

No 232 (99.1) 521 (98.5) 300 (99.3) 453 (98.3)

Chemotherapy, n (%) 0.079 0.945

Yes 103 (44.0) 271 (51.2) 149 (49.3) 225 (48.8)

No 131 (56.0) 258 (48.8) 153 (50.7) 236 (51.2)

TNM stages, n (%) <0.001 <0.001

I 31 (13.2) 33 (6.2) 34 (11.3) 30 (6.5)

II 65 (27.8) 84 (15.9) 74 (24.5) 75 (16.3)

III 99 (42.3) 175 (33.1) 106 (35.1) 168 (36.4)

IV 39 (16.7) 273 (44.8) 88 (29.1) 188 (40.8)

PG-SGA, mean (SD) 6.52 (4.22) 8.29 (4.86) <0.001 4.69 (3.52) 9.76 (4.35) <0.001

KPS, mean (SD) 88.12 (8.63) 82.80 (11.97) <0.001 87.09 (9.05) 82.69 (12.29) <0.001

Albumin, g/L, mean (SD) 41.70 (4.81) 37.42 (5.09) <0.001 40.23 (5.30) 37.75 (5.21) <0.001

Neutrophil, 109/L, mean (SD) 3.42 (1.56) 4.47 (4.02) <0.001 3.87 (3.31) 4.33 (3.59) 0.074

Lymphocyte, 109/L, mean (SD) 1.84 (0.65) 1.39 (0.58) <0.001 1.59 (0.58) 1.49 (0.67) 0.029

Reduced food intake, n
(%)

<0.001 <0.001

Yes 110 (47.0) 351 (66.4) 0(0) 461(100)

No 124 (53.0) 178 (33.6) 302(100) 0(0)

LCR, mean (SD)
24921.68
(27276.21)

2444.86
(1967.61)

<0.001 5168.15 (10218.79) 3125.00 (5738.10) <0.001

PNI, mean (SD) 50.88 (5.77) 44.38 (6.19) <0.001 48.19 (6.54) 45.19 (6.65) <0.001
fron
BMI, body mass index; PG-SGA, Patient-Generated Subjective Global Assessment; KPS, Karnofsky Performance Status; LCR, Lymphocyte-to-CRP ratio; PNI, Prognostic nutritional index.
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the AUCs of the combination of LCR and food intake in 1, 2 and 3-

year were 0.63, 0.671 and 0.727, respectively (Figures 3A-C). These

results indicated that low LCR combined with reduced food intake

could be a useful indicator of OS in patients with GC.
3.6 Stratified analyses by potential effect
modifiers

In order to explore the interaction of LCR or food intake with

other factors in the OS of patients with GC, we performed a further

interaction analysis. The association between LCR and prognosis was

not significantly modified by age (P for interaction=0.965), BMI (P for

interaction=0.335), smoking (P for interaction=0.191), TNM stage (P

for interaction=0.308), PG-SGA (P for interaction=0.513), but tended

to be modified by gender (P for interaction=0.06), drinking (P for

interaction=0.06), surgery (P for interaction=0.088), and

chemotherapy (P for interaction=0.026). Moreover, the results also

revealed that food intake had an interaction with gender (P for

interaction=0.018), TNM stage (P for interaction=0.001), and PG-

SGA (P for interaction=0.014) but not with other factors (Figure 4).

We also compared the C-indices of LCR and various indicators across

different subgroups, and the results showed that LCR exhibited

excellent C-indices among different genders, elderly patients,

different BMI categories, and different stages (Supplementary Table

S4). Subsequently, we conducted a combined analysis of
Frontiers in Oncology 05
chemotherapy and LCR. The results showed that compared with

patients with high LCR who did not receive chemotherapy, the risk of

death was significantly higher in patients with low LCR who received

chemotherapy (HR = 2.39, 95%CI: 1.65-3.45), (Supplementary Figure

S4). In the sensitivity analysis, we excluded 36 participants with

chronic inflammatory diseases. The results showed that compared

with patients with High LCR and non-reduced food intake, patients

with Low LCR and reduced food intake still had the poorest prognosis

(HR = 2.89, 95%CI: 1.83-4.93)(Supplementary Table S5).
4 Discussion

In this study, we verified that LCR is the best indicator for

assessing the inflammation burden in GC by comparing the

prediction accuracy of 16 systemic inflammatory indicators

including CRP, LCR, PNI, NLR, GLR, ALI, SII, CAR, CONUT,

mGPS, GNRI, mGNRI, AGR, NRI, PLR, and LCS using clinical data

derived from a large cohort of patients with GC. There was a

significant inverse relationship between LCR and all-cause

mortality. Notably, a 21% decrease in mortality risk was observed

per SD increase in LCR. The optimal cut-off point for LCR was

6451.6. Patients with reduced food intake had lower LCR than those

patients without reduced food intake (P < 0.001). Low LCR had

combined effects with reduced food intake on unfavorable OS of

patients with GC. The prognostic ROC curves showed that the
FIGURE 1

Time-dependent changes in the area under the curve (AUC) for overall survival of 16 systemic inflammatory indicators. LCR, Lymphocyte-to-CRP
ratio; PNI, Prognostic nutritional index; NLR, Neutrophil-to-lymphocyte ratio; GLR, Glucose-to-lymphocyte ratio; ALI, Advanced lung cancer
inflammation index; SII, Systemic immune inflammation index; CAR, C-reactive protein-to-albumin ratio; CONUT score, Controlling nutritional
status score; mGPS, modified Glasgow prognostic score; GNRI, Geriatric nutritional risk index; mGNRI, modified Geriatric nutritional risk index; AGR,
Albumin-to-globulin ratio; NRI, Nutritional risk index; PLR, Platelet-to-lymphocyte ratio; LCS, Lymphocyte-to-CRP ratio score; CRP, C-reactive
protein.
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AUCs of the combination of LCR and food intake in 1, 2 and 3-year

were 0.63, 0.671 and 0.727, respectively. Given the significant

prevalence of patients with GC, our observations are likely to

improve the prediction and stratification of prognosis for

these patients.

Unlike the traditional predictive models constructed based on

clinical features, we incorporated more laboratory indicators and

adjusted for clinically relevant features (18). Some studies have

compared the validity of several systemic inflammatory indicators in

predicting the prognosis of malignancies. In a single-center

retrospective study, patients with unresectable or recurrent gastric

cancer who had a low LCR before first-line and second-line

chemotherapy had a significantly worse prognosis than those with a

high LCR. Nutritional intervention during chemotherapy induction

may lead to a better prognosis (19). Similar to our study,
Frontiers in Oncology 06
improvements in nutrition and food intake and an increase in LCR

exert a synergistic effect. Suzuki et al. compared the prognostic value of

16 systemic inflammatory biomarkers and found LCR had the highest

accuracy to predict OS and was the only biomarker that was an

independent predictor of both OS and disease-free survival, however,

that study was focused on patients with stage II or III colon cancer

(20).A recent study on gastric cancer also explored the predictive value

of 18 preoperative immune, inflammatory, and nutritional biomarkers

and their optimal cut-off values for OS and disease-free survival (DFS)

in patients with gastric adenocarcinoma who underwent gastrectomy.

The results showed that the NLR, monocyte systemic inflammation

index, and PNI are the most promising preoperative biomarkers for

predicting patients’ OS and DFS (21). However, the study did not

include LCR as an indicator. In our analysis, 16 systemic inflammatory

indicators were compared, and the result indicated that LCR was the
TABLE 3 The association of the model constructed by LCR and Food intake with all-cause mortality in patients with gastric cancer.

Group
Crude model Model a Model b

HR 95%CI p-value HR 95%CI p-value HR 95%CI p-value

High LCR, Non-Reduced food intake ref ref ref

High LCR, Reduced food intake 2.04 (1.26,3.31) 0.004 1.88 (1.16,3.04) 0.01 1.72 (1.04,2.84) 0.035

Low LCR, Non-Reduced food intake 3.1 (2.01,4.78) <0.001 2.54 (1.64,3.93) <0.001 2.54 (1.63,3.95) <0.001

Low LCR, Reduced food intake 4.2 (2.8,6.28) <0.001 2.79 (1.85,4.22) <0.001 2.67 (1.72,4.15) <0.001

P for trend <0.001 <0.001 <0.001
Data were presented as hazard ratios (95% confidential intervals). LCR, Lymphocyte-to-CRP ratio.
Model a: adjusted for age, gender, tumor stage and BMI;
Model b: adjusted for age, gender, smoking, drinking, tumor stage, BMI, KPS, PG-SGA, surgery, radiotherapy, chemotherapy.
TABLE 2 The association between LCR levels or Food intake and all-cause mortality in patients with gastric cancer.

Group
Crude model Model a Model b

HR 95%CI p-value HR 95%CI p-value HR 95%CI p-value

LCR

As continuous (per SD) 0.67 (0.55,0.82) <0.001 0.78 (0.64,0.95) 0.012 0.79 (0.65,0.96) 0.016

By LCR cut-off

High (6451.6~) Ref. Ref. Ref.

Low (~6451.6) 2.62 (2,3.43) <0.001 1.94 (1.47,2.56) <0.001 1.94 (1.46,2.58) <0.001

Interquartile

Q1 (7511.68~) ref ref ref

Q2 (3973.29~7511.68) 1.92 (1.34,2.74) <0.001 1.68 (1.17,2.41) 0.005 1.73 (1.2,2.49) 0.003

Q3 (1016.92~3973.29) 2.65 (1.9,3.7) <0.001 1.91 (1.36,2.68) <0.001 1.92 (1.35,2.72) <0.001

Q4 (~1016.92) 3.5 (2.51,4.88) <0.001 2.41 (1.71,3.39) <0.001 2.36 (1.66,3.36) <0.001

P for trend <0.001 <0.001 <0.001

Food intake status

Non-Reduced food intake ref ref ref

Reduced food intake 1.73 (1.37,2.18) <0.001 1.66 (1.30,2.13) <0.001 1.27 (0.97,1.68) 0.09
Data were presented as hazard ratios (95% confidential intervals). LCR, Lymphocyte-to-CRP ratio.
Model a: adjusted for age, gender, tumor stage and BMI;
Model b: adjusted for age, gender, smoking, drinking, tumor stage, BMI, KPS, PG-SGA, surgery, radiotherapy, chemotherapy.
frontiersin.org

https://doi.org/10.3389/fonc.2025.1669838
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wang et al. 10.3389/fonc.2025.1669838
best indicator in assessing OS in patients with GC. Although there

were differences in cancer type for prognostic scores among these

studies, all of them suggest that LCR is a significant predictive

biomarker common to above studies. Therefore, among the various

systemic inflammatory indicators, LCR may be the most reliable

biomarker to predict the prognosis of gastrointestinal tumors.

The value of LCR is determined by only two key serummarkers:

serum CRP concentration and total lymphocyte count. Serum CRP

is the most representative clinical marker of acute systemic

inflammation, which is mainly produced by liver cells. The rapid

increase in serum CRP concentration is related to pro-

inflammatory factors, such as interleukin-1 (IL-1), IL-6, IL-8, and

tumor necrosis factor a. Such factors are upregulated during

inflammatory response in the body and promote the progression

and metastasis of malignant tumors by accelerating angiogenesis

(22, 23). A decrease in the number of lymphocytes can be a factor

that deteriorates the values of LCR. Pro-inflammatory cytokines can

mediate the recruitment of circulating myeloid cells to the tumor,

and CD8+ T cells are decreased due to direct or indirect

immunosuppression by intratumor myeloid cells (24). Thus,

lymphopenia reflects the presence of immunosuppression, which

promotes cancer progression. Previous research by Clark et al.

showed that a low pre-operative lymphocyte level rather than NLR

is a good predictor of poor prognosis for pancreatic ductal

adenocarcinoma (25). The increase in circulating lymphocytes
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and the decrease in serum CRP levels may reflect the good health

status of patients (5). Consistently, the findings in our analysis

showed that there was a significant inverse relationship between

LCR and all-cause mortality in patients with GC.

Low LCR may indicate a status of immune escape, and systemic

inflammatory response, which exhausts nutrition and energy in

patients with cancer and may increase the risk of malnutrition in

more than half of the patients. Moreover, reduced food intake

occurs in most patients with GC as a result of the disease itself and

mechanical factors (26, 27). Studies have confirmed the potential

correlation between reasonable food intake and better therapeutic

responses to targeted or immune therapy in patients with GC (28,

29). The present study demonstrated that LCR levels were lower in

patients with reduced food intake than in those without reduced

food intake. When combining LCR and food intake, we found that

patients with low LCR and reduced food intake had the worst

prognosis. The underlying mechanism of this association can be

further explained by the interactive effect of the “inflammation-

malnutrition-immune function” axis. In a state of chronic

inflammation, pro-inflammatory factors (such as IL-6 and TNF-

a) related to tumors or diseases can regulate the appetite center

through specific molecular pathways. Studies have shown that IL-6

can activate the hypothalamic JAK/STAT3 signaling pathway,

upregulate the expression of appetite-suppressing factors (e.g.,

pro-opiomelanocortin, POMC), and simultaneously inhibit the
FIGURE 2

Kaplan–Meier analysis of overall survival according to the (A) LCR levels, (B) Food intake status, (C) LCR combined with Food intake, respectively.
LCR, Lymphocyte-to-CRP ratio. .
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release of appetite-promoting factors (e.g., neuropeptide Y, NPY),

thereby directly suppressing the activity of the appetite center and

leading to a decrease in patients’ voluntary food intake (30, 31). In

turn, insufficient food intake impairs lymphocyte function through

nutritional deficiency: a lack of proteins, essential fatty acids, and

vitamins inhibits the proliferation, differentiation of lymphocytes,

and their ability to secrete cytokines (such as IFN-g and IL-2),

resulting in a reduction in the peripheral blood lymphocyte count.

Meanwhile, malnutrition further exacerbates the persistence of

inflammatory responses, thereby forming a vicious cycle (32, 33).

Ultimately, these factors collectively lead to a decrease in LCR levels.

This mechanism also explains why the combined assessment of

food intake status and LCR can more accurately reflect the overall

state of patients: food intake directly reflects nutritional reserve,

while LCR reflects the immune-inflammatory balance. The

association between the two essentially represents the coordinated

changes in the “nutrition-immune-inflammation” system.

Therefore, reduced inflammation and enhanced nutritional

support may contribute to tumorigenesis prevention and improve

long-term outcomes in patients with poor inflammation-nutrition-

based prognostic scores.

This study found a significant interaction between LCR and

chemotherapy. This finding suggests that chemotherapy does not

merely affect prognosis as an independent treatment factor; instead,

it reshapes the association pattern between LCR and patient

prognosis by regulating the immune-inflammatory balance

system represented by LCR. Mechanistically, on one hand, for

patients with good baseline immune reserve, chemotherapy

regimens with immunogenic cell death effects (e.g., those

containing anthracyclines or platinum agents) can induce tumor

cells to release antigens and damage-associated molecular patterns

(34). This activates dendritic cell-mediated antigen presentation,

promotes the proliferation and activation of CD8+ cytotoxic T cells

and NK cells, and increases the immune weight in LCR, ultimately

strengthening the positive association between high LCR and longer

OS (35). On the other hand, in patients receiving high-intensity

chemotherapy (e.g., dose-dense alkylating agent regimens) or with
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baseline chronic inflammation, chemotherapy may cause excessive

lymphocyte apoptosis and exhaustion, or induce acute

inflammatory responses due to normal tissue damage (36). This

leads to a sharp increase in CRP levels and a higher proportion of

the “inflammatory component” in LCR, resulting in a significant

weakening of the prognostic advantage of high LCR, or even a shift

in the direction of the association.

The present study was innovative in the following ways. For the

first time, we used the multi-center data and confirmed that LCR is the

best indicator for assessing the inflammation burden by comparing the

prediction accuracy of 16 systemic inflammatory indicators,

representing the GC study with inclusion of the highest number of

indicators. Moreover, the level of evidence-based medicine of multi-

center study is theoretically superior to that of single-center study,

which makes the results more universal and applicable (37). Finally,

Eastern and Western gastric cancer patients exhibit significant

differences in epidemiological characteristics, clinicopathological

characteristics, tumor biology, treatment modalities, and drug

selection (38). Advanced GC accounts for more than 80% of cases in

China in contrast to early GC, which accounts for 60% of cases in Japan

and South Korea (39). Meanwhile, this study focuses on the Asian

population and provides more insights into the characteristics of gastric

cancer in Asia. In our study, 76.8% and 72.1% of the patients were

advanced GC according to the classification of LCR and food intake,

respectively. Samples from different populations are needed to assess

the role of the combination of LCR and food intake in the prognosis of

patients with GC.

The present study had some limitations. First, we only conducted a

number of retrospective correlational analyses, and thus cannot

establish a causal relationship. Second, we only used data from

China, and large samples of western data are still needed to further

validate the findings. In addition, there is a lack of basic research

exploring the specific mechanism by which LCR and food intake affect

the oncological efficacy in patients with GC. Thirdly, we failed to

include detailed treatment modalities for gastric cancer patients, such

as chemotherapy regimens and surgical approaches. This may

introduce unavoidable bias, as the line of regimens and differences in
FIGURE 3

Receiver operating characteristics (ROC) curve for LCR, Food intake status and LCR combined with Food intake based on overall survival. (A) ROC
curves for 1-year mortality, (B) ROC curves for 2-year mortality, (C) ROC curves for 3-year mortality. LCR, Lymphocyte-to-CRP ratio; AUC: area
under the curve.
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FIGURE 4

The relationship between LCR or Food intake and all-cause mortality of patients with gastric cancer in different subgroups. Notes: The cox
regression model was used to calculate hazard ratios (HRs) and 95% confidence interval (CI). Each subgroup was adjusted for age, gender, smoking,
drinking, tumor stage, BMI, KPS, PG-SGA, surgery, radiotherapy, chemotherapy. LCR, Lymphocyte-to-CRP ratio; BMI: body mass index; PG-SGA,
Patient-Generated Subjective Global Assessment.
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surgical procedures can seriously affect patients’ prognosis. Fourthly,

monocytes play an important role in the inflammatory process of

carcinogenesis; however, due to issues related to data quality control

and data missing, we did not include the relevant indicators. However,

the completeness of the clinicopathological data and the relatively large

sample size may partially compensate for this limitation.

In conclusion, LCR was the best indicator for assessing the

inflammation burden and was inversely correlated with patients’ all-

cause mortality. LCR levels were lower in patients with reduced food

intake than in those without reduced food intake. Combined

assessment of LCR and food intake contributes to prognostic

stratification of GC. It is important to focus on the baseline LCR and

food intake and take active therapeutic measures to reduce

inflammation and increase nutrition to improve outcomes of

affected patients.
Data availability statement

The data analyzed in this study is subject to the following

licenses/restrictions: Additional data related to this study is

available upon request to authors/corresponding author. Requests

to access these datasets should be directed to shihp@ccmu.edu.cn.
Ethics statement

The studies involving humans were approved by ethics

committee of Beijing Shijitan Hospital. The studies were

conducted in accordance with the local legislation and

institutional requirements. The participants provided their written

informed consent to participate in this study.
Author contributions

YW: Conceptualization, Formal Analysis, Investigation,

Methodology, Project administration, Resources, Supervision,

Validation, Visualization, Writing – original draft, Writing – review

& editing. XiZ: Data curation, Formal Analysis, Methodology, Project

administration, Software, Writing – original draft. CL: Formal

Analysis, Investigation, Resources, Supervision, Writing – original

draft. JS: Conceptualization, Data curation, Formal Analysis,

Investigation, Methodology, Project administration, Writing –

review & editing. TL: Formal Analysis, Investigation, Methodology,

Resources, Software, Writing – review & editing. YC: Investigation,

Methodology, Software, Supervision, Writing – review & editing.

XinZ: Formal Analysis, Investigation, Methodology, Project

administration, Writing – review & editing. ZB: Formal Analysis,

Software, Validation, Writing – review & editing. HS: Funding

acquisition, Supervision, Writing – review & editing.
Frontiers in Oncology 10
Funding

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

research and/or publication of this article. This work was supported

by the National Key Research and Development Program (No.

2022YFC2009600) and the Food Science and Technology Fund of

Chinese Institute of Food Science and Technology (No. 2017- 02) to Dr.

Hanping Shi.
Acknowledgments

The authors would like to express our sincere thanks to the

INSCOC project members for their substantial work on data

collection and patient follow-up.
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.2025.1669838/

full#supplementary-material
frontiersin.org

mailto:shihp@ccmu.edu.cn
https://www.frontiersin.org/articles/10.3389/fonc.2025.1669838/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2025.1669838/full#supplementary-material
https://doi.org/10.3389/fonc.2025.1669838
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Wang et al. 10.3389/fonc.2025.1669838
References
1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL, Soerjomataram I, et al. Global
cancer statistics 2022: GLOBOCAN estimates of incidence andmortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. (2024) 74:229–63. doi: 10.3322/caac.21834

2. Chen Y, Jia K, Xie Y, Yuan J, Liu D, Jiang L, et al. The current landscape of gastric
cancer and gastroesophageal junction cancer diagnosis and treatment in China: a
comprehensive nationwide cohort analysis. J Hematol Oncol. (2025) 18:42.
doi: 10.1186/s13045-025-01698-y

3. Wang J, Zhao G, Zhao Y, Zhao Z, Yang S, Zhou A, et al. N6-methylation in the
development, diagnosis, and treatment of gastric cancer. J Transl Int Med. (2024) 12:5–
21. doi: 10.2478/jtim-2023-0103

4. Santos M, Martins D, Mendes F. Immunotherapy in gastric cancer-A systematic
review. Oncol Res. (2025) 33:263–81. doi: 10.32604/or.2024.052207

5. Hirahara N, Tajima Y, Matsubara T, Fujii Y, Kaji S, Kawabata Y, et al. Systemic
immune-inflammation index predicts overall survival in patients with gastric cancer: a
propensity score-matched analysis. J Gastrointestinal Surg. (2021) 25:1124–33.
doi: 10.1007/s11605-020-04710-7

6. Mimatsu K, Fukino N, Ogasawara Y, Saino Y, Oida T. Utility of inflammatory
marker- and nutritional status-based prognostic factors for predicting the prognosis of
stage IV gastric cancer patients undergoing non-curative surgery. Anticancer Res.
(2017) 37:4215–22. doi: 10.21873/anticanres.11812

7. Yun JK, McCormick TS, Villabona C, Judware RR, Espinosa MB, Lapetina EG.
Inflammatory mediators are perpetuated in macrophages resistant to apoptosis
induced by hypoxia. Proc Natl Acad Sci United States America. (1997) 94:13903–8.
doi: 10.1073/pnas.94.25.13903

8. Thompson JJ, MacLeod N, Will S, O’Rourke F, McGovern J, Roxburgh C, et al.
The prognostic value of a laboratory cachexia score (LCAS) defined by LDH, CRP and
albumin in patients with advanced lung cancer. BMC Cancer. (2025) 25:543.
doi: 10.1186/s12885-025-13426-3

9. Zhu D, Lin YD, Yao YZ, Qi XJ, Qian K, Lin LZ. Negative association of C-reactive
protein-albumin-lymphocyte index (CALLY index) with all-cause and cause-specific
mortality in patients with cancer: results from NHANES 1999-2018. BMC Cancer.
(2024) 24:1499. doi: 10.1186/s12885-024-13261-y

10. Wang SL, Zhang FM, Chen CB, Dong QT, Liu S, Yu Z, et al. Comparison
between AWGC-cachexia and GLIM-malnutrition in patients with gastric cancer. Eur J
Surg Oncol. (2024) 50:108580. doi: 10.1016/j.ejso.2024.108580

11. Finze A, Vijgen GH, Betzler J, Orth V, Hetjens S, Reissfelder C, et al. Malnutrition
and vitamin deficiencies after surgery for esophageal and gastric cancer: A metanalysis.
Clin Nutr ESPEN. (2024) 60:348–55. doi: 10.1016/j.clnesp.2024.02.021

12. Sobocki J, Bogdanowska-Charkiewicz D, Budnicka-Borkowicz A, Chełmicka M,
Dudkowiak R, Guzek M, et al. Clinical nutrition in gastrointestinal diseases: an up-to-
date clinical practice guideline. Pol Arch Intern Med. (2025) 135:16967. doi: 10.20452/
pamw.16967

13. Li Q, Zhang X, Tang M, Song M, Zhang Q, Zhang K, et al. Different muscle mass
indices of the Global Leadership Initiative on Malnutrition in diagnosing malnutrition
and predicting survival of patients with gastric cancer. Nutrition. (2021) 89:111286.
doi: 10.1016/j.nut.2021.111286

14. Fouladiun M, Korner U, Bosaeus I, Daneryd P, Hyltander A, Lundholm KG.
Body composition and time course changes in regional distribution of fat and lean
tissue in unselected cancer patients on palliative care–correlations with food intake,
metabolism, exercise capacity, and hormones. Cancer. (2005) 103:2189–98.
doi: 10.1002/cncr.21013

15. Bosaeus I, Daneryd P, Svanberg E, Lundholm K. Dietary intake and resting
energy expenditure in relation to weight loss in unselected cancer patients. Int J Cancer.
(2001) 93:380–3. doi: 10.1002/ijc.1332
16. Onodera T, Goseki N, Kosaki G. Prognostic nutritional index in gastrointestinal

surgery of malnourished cancer patients. Nihon Geka Gakkai Zasshi. (1984) 85:1001–5.

17. Yang Y, Ding R, Li T, Li R, Song Y, Yuan Y, et al. Elevated neutrophil-
percentage-to-albumin ratio predicts increased all-cause and cardiovascular mortality
in hypertensive patients: Evidence from NHANES 1999-2018. Maturitas. (2025)
192:108169. doi: 10.1016/j.maturitas.2024.108169

18. Wang K, Zhao L, Che T, Zhou C, Qin X, Hong Y, et al. Development and
validation of web-based risk score predicting prognostic nomograms for elderly
patients with primary colorectal lymphoma: A population-based study. J Transl Int
Med. (2025) 12:569–80. doi: 10.1515/jtim-2023-0133

19. Matsunaga T, Saito H, Fukumoto Y, Kuroda H, Taniguchi K, Takahashi S, et al.
The prognostic impact of the lymphocyte-to-C-reactive protein ratio in patients with
unresectable or recurrent advanced gastric cancer treated with first- and second-line
treatment. Surg Today. (2023) 53:940–8. doi: 10.1007/s00595-022-02638-w
Frontiers in Oncology 11
20. Suzuki S, Akiyoshi T, Oba K, Otsuka F, Tominaga T, Nagasaki T, et al.
Comprehensive comparative analysis of prognostic value of systemic inflammatory
biomarkers for patients with stage II/III colon cancer. Ann Surg Oncol. (2020) 27:844–
52. doi: 10.1245/s10434-019-07904-9
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