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Objective: To evaluate the prognostic significance of inflammatory and
nutrition-related indexes in patients with cardia cancer prior to treatment.
Methods: A total of 229 patients with cardia cancer, diagnosed pathologically
and admitted to Shanxi Cancer Hospital between January 2017 and December
2018, were included. Statistical analysis was conducted using SPSS 26.0, and
the optimal cut-off values for body mass index (BMI), peripheral blood platelet-
to-lymphocyte ratio (PLR), hemoglobin-to-erythrocyte distribution width ratio
(HRR), prognostic nutritional index (PNI), and integrating hemoglobin, albumin,
lymphocyte, and platelets (HALP) score were determined with X-tile 3.6.1
software. Survival analysis was performed using the Kaplan—Meier method,
with variability assessed by the Log-rank test. Univariate and multivariate Cox
proportional hazards regression analyses were used to evaluate the prognostic
value of the variables. A prognostic risk stratification model was developed,
incorporating age, tumor node metastasis classification (TNM), treatment
options, HRR, and PN, to classify patients into low-risk, intermediate-risk, high-
risk, and very high-risk groups. The predictive value of the model was assessed
using receiver operating characteristic (ROC) curves.

Results: The optimal critical values of BMI, PLR, HRR, PNI, and HALP score
were 2043 kg/m?, 140.59, 2.85, 49.98, and 28.23, respectively. Cox univariate
analysis showed that age, TNM stage, treatment regimen, BMI, PLR, HRR, PNI,
and HALP score were correlated with the prognosis of patients with cardia
cancer (p < 0.05). The results of Cox multifactorial analysis showed that age,
TNM stage, treatment regimen, HRR, and PNI were independent factors
affecting the prognosis of patients with cardia cancer (p < 0.05). Age > 60 years,
TNM stage llI/IV, treatment regimen without surgical involvement, HRR < 2.85,
and PNI < 49.98 were considered as risk factors. These five variables were
assigned points based on their HRs. The patients were categorized as low-
risk (0—6 points), intermediate-risk (7—8 points), high-risk (9 points), and very-
high-risk (10-11 points) groups. The median survival times were undefined,
18.05 months, 15.63 months, and 9.10 months, respectively, with statistically
significant differences among the four groups (p < 0.05). ROC curve analysis,
the area under the curve (AUC) of the prognostic risk stratification model was
0.80, which was higher than those for age (0.56), TNM stage (0.63), treatment
regimen (0.73), HRR (0.57), and PNI (0.63).

Conclusion: Pre-treatment inflammatory and nutrition-related indexes, HRR and
PNI, were closely associated with the prognosis of patients with cardia cancer.
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Combining age, TNM stage, treatment regimen, HRR, and PNI for prognostic risk
stratification could significantly enhance the accuracy of prognostic predictions.
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1 Introduction

Cardia cancer is a prevalent digestive tract tumor with a rising
incidence over recent years (1). Despite the use of radical surgery for
early-stage cardia cancer, some patients exhibit poor therapeutic
outcomes and limited long-term survival due to rapid tumor
metastases (2). Therefore, identifying more effective predictive
biomarkers beyond the current tumor node metastasis (TNM) staging
system is crucial for improving clinical outcomes. Studies have
demonstrated that systemic inflammatory response and nutritional
status indicators play a significant role in tumor progression and
prognosis, influencing the outcomes of various malignant tumors
(3-5). To examine the impact of inflammation and nutrition-related
indexes on the prognosis of patients with cardia cancer, we conducted
a retrospective analysis of the association between pretreatment body
mass index (BMI), peripheral blood platelet-to-lymphocyte ratio
(PLR), hemoglobin-to-erythrocyte distribution width ratio (HRR),
prognostic nutritional index (PNI), and HALP score (consisting of
hemoglobin, albumin, lymphocyte, and platelet count) with
patient outcomes.

2 Patients and methods

2.1 Patients

Data were collected from admissions to Shanxi Cancer Hospital
between January 2017 and December 2018, comprising
pre-treatment clinically relevant information for 229 patients with
cardia cancer. Inclusion criteria: complete clinical data;
pathologically confirmed cardia adenocarcinoma; a medical history
of chemotherapy, chemotherapy combined with radiotherapy, or
surgery combined with chemotherapy. Exclusion criteria:
secondary or recurrent cardia adenocarcinoma; presence of a
second primary malignant tumor; presence of other severe
comorbidities; incomplete clinical data (Figure 1). This study was
approved by the Ethics Committee of Shanxi Cancer Hospital

(KY2023148).

2.2 Data collection

Data on patients’ sex, age, treatment regimen, TNM stage,
BMI, and laboratory findings, including neutrophil count,

Abbreviations: TNM, Tumor node metastasis; BMI, Body mass index; PLR, Peripheral
blood platelet-to-lymphocyte ratio; HRR, Hemoglobin-to-erythrocyte distribution
width ratio; PNI, Prognostic nutritional index; HALP, Integrating hemoglobin,
albumin, lymphocyte, and platelets; ROC, Receiver operating characteristic; AUC,
Area under the curve; HR, Hazard ratio; RDW, Red cell distribution width.
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lymphocyte count, platelet count, albumin levels, and erythrocyte
distribution width, were collected. TNM staging was determined
based on the American Joint Committee on Cancer 8th edition.
The formulas for the indices are as follows: BMI = weight (kg) /
height (m)?% PLR = platelet count (x10°/L) / lymphocyte count
(x10%/L): HRR = hemoglobin (g/L) / width of erythrocyte
distribution (fl); PNI = serum albumin (g/L) + 5 x lymphocyte
count (x10°/L); HALP = hemoglobin (g/L) x serum albumin (g
/L) x lymphocyte count (x10°/L) / platelet count (x10°/L).
Treatment modalities in this study included chemotherapy,
chemotherapy combined with radiotherapy, and surgery combined
with chemotherapy. Among the chemotherapy regimens, SOX
consisted of oxaliplatin 130 mg/m” (static, day 1) and Tegio 40 mg/
m? (oral, days 1-14); XELOX included oxaliplatin 130 mg/m?
(static, day 1) and capecitabine 1,000 mg/m?* (oral, days 1-14).
Radiotherapy was applied to cardia lesions and metastatic lymph
nodes using 6 MV-X-ray intensity-modulated radiotherapy, with a
dose of 50.4-60.0 Gy (1.8-2.0 Gy per dose, once daily, five times
per week). The surgical procedure involved radical cardia
cancer surgery.

2.3 Follow-up

This was primarily conducted through hospitalization, outpatient
review, and telephone callbacks to clarify patient survival status. Overall
Survival (OS) was defined as the time from the diagnosis of cardia
cancer to the patient’s death or the follow-up cutoft date. The follow-up
cut-off date was December 31, 2023, and survival was measured
in months.

2.4 Statistical analysis

SPSS 26.0 software was used for all statistical analyses. The
chi-square (X?) test was applied to count data between groups.
X-title 3.6.1 software was used to determine the optimal critical
values of BMI, PLR, HRR, PNI, and HALP score. The Kaplan-
Meier method was employed for survival analysis, with the
Log-rank test used to assess variability in survival time between
different groups. Univariate and multivariate Cox proportional
hazards regression analyses were conducted to evaluate the
prognostic value of each variable. The receiver operating
characteristic (ROC) curve was plotted, and the area under the
curve (AUC) was calculated to evaluate the predictive value of
each index for the prognosis of cardia cancer patients. A scoring
system was developed based on the hazard ratios (HR),
categorizing patients into low-risk, intermediate-risk, high-risk,
and very high-risk groups using quartiles. Survival analysis was
conducted among the groups. A p-value of < 0.05 was considered
statistically significant.
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Cardia cancer patients
assessed for eligibility
(n=235)

—>» December 2018 from admissions to Shanxi Cancer

Subjects were recruited between January 2017 and

Hospital

The cancer-associated inclusion criteria
1. complete clinical data

2. amedical history of chemotherapy
3. pathologically confirmed cardia
adenocarcinoma

4. chemotherapy combined with
radiotherapy, or surgery combined with
chemotherapy

A 4

<« 1. secondary or recurrent cardia adenocarcinoma (n=1)

The cancer-associated exclusion criteria

2. presence of a second primary malignant tumor (n=1)
3. presence of other severe comorbidities (n=1)
4. mcomplete clinical data (n=3)

 Cardia cancer patients included in final analysis (n=229)

Examination of anthropometric characteristics
1. Sex

Examination of cancer-related characteristics
1. TNM stage

A

2. Age
3. Body mass index

2. Therapeutic Schedule

3. inflammatory and nutrition-related indices

\

Cardia cancer patients monitored for overall survival

 Statstcal analysis

FIGURE 1
The flowchart of patient selection.

3 Results
3.1 Clinical characteristics

A total of 229 patients with cardia cancer were included in this
study, comprising 196 males and 33 females. The patients’ ages ranged
from 43 to 82 years, with a median age of 64 years. Among them, 72
patients were aged < 60 years, and 157 patients were aged > 60 years.
The distribution of TNM stages was as follows: six patients in Stage I,
22 patients in Stage II, 94 patients in Stage III, and 107 patients in Stage
IV. Treatment modalities included 165 patients receiving chemotherapy,
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nine patients receiving radiotherapy and chemotherapy, and 55 patients
undergoing surgery combined with chemotherapy (Table 1).

3.2 Optimal cut-off values for BMI, PLR,
HRR, PNI, and HALP score

In the 229 patients, the optimal cut-off values for BMI, PLR,
HRR, PNI, and HALP score were 20.43 kg/m?, 140.59, 2.85, 49.98,
and 28.23, respectively. According to the optimal cut-off values, the
distribution of inflammation and nutrition-related indexes was
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TABLE 1 Baseline patient clinicopathological characteristics.

Clinical characteristics ‘ N (%)
Sex

Male 196 (85.59)
Female 33(14.41)
Age (years)

<60 72 (31.44)
>60 157 (68.56)
TNM stage

I+1I 28 (12.23)
Im+1v 201 (87.77)
Therapeutic schedule

Chemotherapy 165 (72.05)
Chemotherapy + radiotherapy 9(3.93)
Surgery + chemotherapy 55 (24.02)
BMI (kg/m?)

<20.43 96 (41.92)
>20.43 133 (58.08)
PLR

<140.59 98 (42.79)
>140.59 131 (57.21)
HRR

<2.85 96 (41.92)
>2.85 133 (58.08)
PNI

<49.98 125 (54.59)
>49.98 104 (45.41)
HALP score

<28.23 82 (35.81)
>28.23 147 (64.19)

characterized by BMI < 20.43 kg/m?” in 96 cases and BMI > 20.43 kg/
m? in 133 cases; PLR < 140.59 in 98 cases and PLR > 140.59 in 131
cases; HRR < 2.85 for 96 cases and HRR > 2.85 for 133 cases;
PNI < 49.98 for 125 cases and PNI > 49.98 for 104 cases; HALP
score < 28.23 for 82 cases and HALP score > 28.23 for 147 cases
(Table 1).

3.3 Prognosis of patients based on sex, age,
stage, treatment regimen, and
pretreatment inflammatory and
nutrition-related markers

Kaplan—Meier survival analysis showed that age < 60 years, stage
I/II, comprehensive treatment with surgical intervention,
BMI > 20.43 kg/m? PLR < 140.59, HRR > 2.85, PNI > 49.98, and
HALP score > 28.23 were significantly correlated with longer overall
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survival (p < 0.05). However, there was no significant correlation
between sex and OS (p > 0.05) (Figure 2).

3.4 Univariate and multivariate cox
regression analysis

Cox univariate analysis showed that age < 60 years, stage I/II,
comprehensive treatment with surgical involvement, BMI > 20.43 kg/
m? PLR < 140.59, HRR > 2.85, PNI > 49.98 and HALP score > 28.23
were associated with the prognosis of patients with cardia cancer
(p < 0.05) (Table 2). The results of multivariate Cox analysis revealed
that age, TNM staging, treatment regimen, HRR, and PNI were
independent prognostic factors affecting the prognosis of patients
with cardia cancer. Specifically, patients aged < 60 years, those
receiving comprehensive treatment with surgical involvement, those
in stage I/II, and those with high HRR and high PNI were associated
with longer overall survival (Table 3).

3.5 Prognostic risk stratification analysis

According to the multifactorial Cox regression analysis, the five
variables that significantly predicted the prognosis of patients with
cardia cancer were age over 60 years, III/IV (TNM stage), absence
of surgical intervention in the treatment regimen, HRR below 2.85,
and PNI below 49.98. These five variables were assigned points
based on their rounded HRs. Age > 60 years was assigned one
points, TNM staging, chemotherapy and chemotherapy combined
with radiotherapy were each assigned three points, and HRR < 2.85
and PNI < 49.98 were assigned two points (Table 4). An increase in
the total score was associated with decreased OS among patients
with cardia cancer. Based on quartiles of the score distribution,
patients were classified into four groups: low-risk (0-6 points),
intermediate-risk (7-8 points), high-risk (9 points), and very high-
risk (10-11points) (Figure 3). The median survival durations for
patients in the low-risk, intermediate-risk, high-risk, and very high-
risk groups were undefined, 18.05 months, 15.63 months, and
9.10 months, respectively, with statistically significant differences
observed among the groups (p < 0.05) (Figure 4).

3.6 Predictive value of prognostic risk
stratification with cardia cancer patients

ROC curve analysis revealed that prognostic risk stratification had
a superior predictive value compared with age, TNM stage, treatment
regimen, HRR, and PNI (Figure 4).

The AUC were 0.80 (95% CI: 0.74 ~ 0.87), 0.56 (95% CI: 0.48 ~ 0.64),
0.63 (95% CIL: 0.55 ~ 0.71), 0.73 (95% CI: 0.66 ~ 0.81), 0.57 (95%CL:
0.49 ~ 0.65), and 0.63 (95%CI: 0.55 ~ 0.71), respectively (Figure 5).

4 Discussion

Gastric cancer is categorized into cardia and non-cardia cancer.
Cardia cancer refers to mucosal tumors located within 3 cm below and
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FIGURE 2
Kaplan—Meier estimates of the OS of cardia cancer according to the clinical characteristics. (A) The survival curves of OS between different sex
groupings. (B) The survival curves of OS between different age groupings. (C) The survival curves of OS between different TNM staging groupings.
(D) The survival curves of OS between different treatment regimen groupings. (E) The survival curves of OS between different BMI groupings. (F) The
survival curves of OS between different PLR groupings. (G) The survival curves of OS between different HRR groupings. (H) The survival curves of OS
between different PNI groupings. (I) The survival curves of OS between different HALP score groupings.
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TABLE 2 Univariate Cox regression analysis for overall survival in patients with cardia cancer.

Clinicopathological

Single factor analysis

Statistical value

HR (95%ClI)

Sex

Male 33 1

Female 196 1.17 (0.73-1.90) 0.43 0.513
Age (years)

<60 72 1

>60 157 1.49 (1.05-2.13) 7.6 0.006
TNM stage

I+11 28 1

I +1v 201 9.05 (3.35-24.49) 78.82 <0.001
Therapeutic schedule

Surgery + chemotherapy 55 1

Chemotherapy 165 5.15 (2.96-8.94) 41.73 <0.001
Chemotherapy + radiotherapy 9 4.09 (1.65-10.16) 10.51 0.002
BMI (kg/m?)

<20.43 96 1

>20.43 133 0.68 (0.49-0.93) 6.04 0.014
PLR

<140.59 98 1

>140.59 131 1.45 (1.05-2.01) 5.11 0.024
HRR

<2.85 96 1

>2.85 133 0.62 (0.45-0.85) 9.03 0.003
PNI

<49.98 125 1

>49.98 104 0.50 (0.36-0.70) 17.11 <0.001
HALP rating

<28.23 82 1

>28.23 147 0.59 (0.43-0.82) 10.41 0.001

2 cm above the gastroesophageal junction line (1). Due to its unique
anatomical location and nonspecific clinical symptoms, cardia cancer
is often diagnosed at advanced stages, leading to a shortened survival
period. Consequently, identifying effective predictive indicators is of
particular importance. Nutritional status, which is closely associated
with the prognosis of cancer patients, has garnered increasing
attention from oncologists (6-8). Building on inflammatory indexes,
the integration of nutrition-related indexes to predict the prognosis of
solid tumors, such as gastric cancer, has shown promising potential
(9-11). Nonetheless, studies exploring the correlation between the
combination of these tests and the prognosis of cardia cancer
remain limited.

Inflammation-related biomarkers such as C-reactive protein
(CRP), ratio (NLR), and PLR
demonstrate significant associations with malignant tumors (12—

neutrophil-to-lymphocyte

14). However, CRP and NLR are inherently non-specific, which
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often limits their ability to accurately reflect tumor-related
inflammation status (15). In contrast, PLR exhibits relative stability
to short-term inflammatory fluctuations, potentially offering
superior prognostic value for cancer patients (15). The study
innovatively integrated multiple pre-treatment parameters,
including PLR, HRR, PNI, and HALP score, with clinical
characteristics of cardia cancer patients to overcome the limitations
of a single indicator and enhance the accuracy of predicting
prognosis in cardia cancer patients.

Univariate analysis revealed that patients younger than 60 years,
those with stage I/II disease, those receiving comprehensive treatment
including surgery, and those with high BMI, low PLR, high HRR, high
PNI, and high HALP score had better prognoses. Multivariate Cox
analysis further identified age, TNM stage, treatment regimen, HRR,
and PNI as independent factors influencing the prognosis of patients
with cardia cancer.
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TABLE 3 Cox regression analysis for overall survival in patients with cardia cancer.

Clinicopathological

Multivariate analysis

Statistical value P value

HR (95%ClI)

Age (years)

<60 72

>60 157 1.48 (1.03-2.12) 4.40 0.036

TNM stage

I+1I 28

I +1v 201 3.04 (1.23-7.52) 5.78 0.016

Therapeutic schedule

Surgery + chemotherapy 55

Chemotherapy 165 3.23 (1.76-5.95) 14.17 <0.001

Chemotherapy + radiotherapy 9 2.83(1.09-7.32) 4.58 0.032

HRR

>2.85 133

<2.85 96 1.62 (1.16-2.28) 7.83 0.005

PNI

>49.98 104

<49.98 125 1.62 (1.15-2.30) 7.40 0.007
TABLE 4 The variables were assigned points based on HRs.

Variable HR PRYAS Weight

Age > 60 (years) 1.48 1.03-2.12 1

Staging (III/IV) 3.04 1.23-7.52 3

Chemotherapy 323 1.76-5.95 3

Chemotherapy + radiotherapy 2.83 1.09-7.32 3

HRR < 2.85 1.62 1.16-2.28 2

PNI < 49.98 1.62 1.15-2.30 2

Relevant studies have highlighted the significant role of age in
predicting survival outcomes in patients with tumors, including cardia
cancer (16, 17). The results of the present study are consistent
with them.

TNM staging is a well-established indicator for assessing the
prognosis of patients with cardia cancer. However, increasing
evidence suggests that patients with the same TNM stage can have
markedly different prognoses (18). This discrepancy may stem from
the fact that TNM staging, which is primarily based on imaging
findings, does not account for the intrinsic biological differences
among patients. Combining TNM staging with biologically relevant
indexes, such as inflammation and nutrition-related indicators, may
provide a more comprehensive reflection of these differences. The
prediction model developed in this study highlights the potential of
integrating TNM staging with inflammatory and nutritional markers
to enhance the accuracy of prognostic predictions for patients with
cardia cancer.

The symptoms of cardia cancer are often subtle, resulting in a
lower proportion of early-stage patients. The comprehensive treatment

Frontiers in Nutrition

is the primary modality. The findings of the present study demonstrate
that patients experienced longer survival periods with treatment
regimens involving surgery. Surgery continues to be the cornerstone
of curative treatment for gastric cancer (19). It also reflects the
importance of local treatment modalities for cardia cancer patients.
Chemotherapy combined with radiotherapy did not show statistical
significance compared to chemotherapy alone, which may be
attributed to the small sample size.

Patients with low hemoglobin levels could indicate that tumor cell
clones may possess greater biological invasiveness and that the patient
may have poorer nutritional status (20, 21). Of note, Kunishige et al.
(22) previously analyzed clinical data from 801 patients with gastric
cancer and found that preoperative anemia was significantly associated
with poorer prognoses. Red cell distribution width (RDW), a marker
reflecting tumor-related inflammatory responses, has also been linked
to poor outcomes in malignant tumors (23, 24). Studies by Petrella et
al. (25) and Shota et al. (26) confirmed that preoperative RDW is
significantly associated with the prognosis of gastric cancer patients.
HRR, defined as the ratio of Hb to RDW, is a novel marker (27) that

frontiersin.org


https://doi.org/10.3389/fnut.2025.1559892
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Guo et al.

10.3389/fnut.2025.1559892

50
Low risk
Intermediate risk
a0 High risk

Very high risk

w
i

Frequency

207

10+

0-

FIGURE 3

Showing the distribution of patients across the total sum of points and four risk groups in cardia cancer patients.
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FIGURE 4

The survival curves for cardia cancer patients by risk group. The low-
risk group had the most favorable prognosis, whereas the very high-
risk group had the worst prognosis. The differences among the four
groups were statistically significant (p < 0.05).

provides an integrated assessment of the inflammatory and nutritional
status of tumor patients. The present study’s findings suggest that a
high HRR, characterized by higher Hb and lower RDW levels, is
associated with better prognosis in patients with cardia cancer.

PNI, calculated from serum albumin levels and lymphocyte
counts, is a well-established indicator for assessing nutritional and
immune status and predicting risk in malignant tumors, which has
been extensively used to evaluate various solid tumors’ treatment

Frontiers in Nutrition

outcomes (28-30). In gastric cancer, PNI is widely applied in assessing
surgical risk and the efficacy of neoadjuvant therapy (31). Moreover,
it serves as an independent predictor of postoperative complications
and survival outcomes (32). Herein, our results indicate that higher
PNI values are associated with longer survival in patients with
cardia cancer.

The prognostic risk stratification model for cardiac cancer,
incorporating age, TNM stage, treatment regimen, HRR, and PNI,
effectively categorized patients into low-, intermediate-, high-, and
very high-risk groups, with statistically significant differences in
survival among these groups. The integrated predictive performance
of the model (AUC = 0.80) was significantly superior to that of any
single indicator, demonstrating that the combination of multiple
parameters provides a more accurate prognostic assessment. In
clinical practice, the publicity and education on early diagnosis of
cardiac cancer should be strengthened, and strive for surgical
opportunities through neoadjuvant. Additionally, timely and
continuous monitoring of biomarkers such as HRR and PNI should
be emphasized. Although this study did not incorporate post-
treatment data, the multivariate analysis confirmed the stability and
predictive power of the baseline indicators, thereby offering
valuable insights for clinical risk stratification and the formulation
of targeted intervention strategies.

Nonetheless, given that this is a retrospective study, and due to
differences in sample size, patient selection criteria, and laboratory
testing methods, the optimal cut-off values of predictive indicators
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FIGURE 5
The ROC curves for predicting OS in cardia cancer patients based on prognostic risk stratification, age, TNM stage, treatment regimen, HRR and PNI.
The prognostic risk stratification demonstrated the best predictive performance. (A) The ROC curves for predicting OS in cardia cancer patients based
on risk stratification, (B) The ROC curves for predicting OS in cardia cancer patients based on age, (C) The ROC curves for predicting OS in cardia
cancer patients based on staging, (D) The ROC curves for predicting OS in cardia cancer patients based on therapeutic regimen, (E) The ROC curves
for predicting OS in cardia cancer patients based on HRR, (F) The ROC curves for predicting OS in cardia cancer patients based on PNI.

varied across the relevant studies, leading to potential bias.  emerging indicators, and explore the potential of pre-treatment
Therefore, future multi-center, large-sample clinical studies are  nutritional interventions and other therapies to modulate
needed to validate the combined value of conventional and  these indicators.

Frontiers in Nutrition 09 frontiersin.org


https://doi.org/10.3389/fnut.2025.1559892
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

Guo et al.

Data availability statement

The original contributions presented in the study are included in
the article/supplementary material, further inquiries can be directed
to the corresponding authors.

Ethics statement

The studies involving humans were approved by this study was
approved by the Ethics Committee of Shanxi Cancer Hospital
(KY2023148). The studies were conducted in accordance with the
local legislation and institutional requirements. Written informed
consent for participation was not required from the participants or the
participants’ legal guardians/next of kin in accordance with the
national legislation and institutional requirements.

Author contributions

WG: Data curation, Formal analysis, Writing - original draft,
Writing - review & editing. JZ: Conceptualization, Investigation,
Methodology, Writing - review & editing. NL: Visualization,
Writing - review & editing. JW: Supervision, Validation, Writing -
review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work is supported by
Special Project for Science Popularization of Science and Technology
Department of Shanxi (Grant No.
2022D10005206222009464 3502757).

Province

References

1. Huang, Q, Read, M, Gold, JS, and Zou, XP. Unraveling the identity of gastric cardiac
cancer. ] Dig Dis. (2020) 21:674-86. doi: 10.1111/1751-2980.12945

2. Wei, ], Lu, ], Jia, H, Yang, X, Guo, X, Liu, J, et al. Value of a preoperative prognostic
nutritional index for the prognostic evaluation of gastric neuroendocrine carcinoma
patients. Front Nutr. (2023) 10:1043550. doi: 10.3389/fnut.2023.1043550

3. Njoku, K, Ramchander, NC, Wan, YL, Barr, CE, and Crosbie, EJ. Pre-treatment
inflammatory parameters predict survival from endometrial cancer: A prospective
database analysis. Gynecol Oncol. (2022) 164:146-53. doi: 10.1016/j.ygyno.2021.11.009

4. Kadakia, KC, Symanowski, J T, Aktas, A, Szafranski, ML, Salo, JC, Meadors, PL, et al.
Malnutrition risk at solid tumor diagnosis: the malnutrition screening tool in a large US
cancer institute. Support Care Cancer. (2022) 30:2237-44. doi: 10.1007/
500520-021-06612-z

5. Kubota, T, Shoda, K, Konishi, H, Okamoto, K, and Otsuji, E. Nutrition update in
gastric cancer surgery. Ann Gastroenterol Surg. (2020) 4:360-8. doi: 10.1002/ags3.12351

6. Arends, J, Baracos, V, Bertz, H, Bozzetti, F, Calder, PC, Deutz, NEP, et al. ESPEN
expert group recommendations for action against cancer-related malnutrition. Clin
Nutr. (2017) 36:1187-96. doi: 10.1016/j.cInu.2017.06.017

7. Warner, EL, Basen-Engquist, KM, Badger, TA, Crane, TE, and Raber-Ramsey, M.
The online Cancer nutrition misinformation: A framework of behavior change based on
exposure to cancer nutrition misinformation. Cancer. (2022) 128:2540-8. doi: 10.1002/
cncr.34218

8. Xu, R, Chen, XD, and Ding, Z. Perioperative nutrition management for gastric
cancer. Nutrition. (2022) 93:111492. doi: 10.1016/j.nut.2021.111492

9. Cheng, XE, Wang, CD, Liu, Y, Zhang, XJ, Zhou, LY, Lin, ZZ, et al. Effects of different
radical distal gastrectomy on postoperative inflammatory response and nutritional status
in patients with gastric cancer. Front Surg. (2023) 10:1112473. doi: 10.3389/
fsurg.2023.1112473

Frontiers in Nutrition

10

10.3389/fnut.2025.1559892

Acknowledgments

The authors thank the support of all the medical staff of medical
records department, Shanxi Province Cancer Hospital.

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 Al statement

The authors declare that no Gen Al 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.

10. Ding, PA, Ly, JX, Sun, CY, Chen, SY, Yang, PG, Tian, Y, et al. Combined systemic
inflammatory immunity index and prognostic nutritional index scores as a screening
marker for sarcopenia in patients with locally advanced gastric cancer. Front Nutr.
(2022) 9:981533. doi: 10.3389/fnut.2022.981533

11. Ge, GC, Li, GY, Zhang, Z], Zhu, Y, Wang, WT, Ren, L, et al. A novel scoring system
in predicting prognosis after adjuvant FOLFOX chemotherapy in gastric Cancer. Cancer
Biother Radiopharm. (2023) 38:388-95. doi: 10.1089/cbr.2021.0343

12. Kuusisalo, S, livanainen, S, and Koivunen, JP. Association of anti-PD-(L)1
treatment duration to efficacy in advanced solid tumors: a single center retrospective
study. Ann Med. (2025) 57:2476729. doi: 10.1080/07853890.2025.2476729

13.Su, J, Li, Y, Tan, S, Cheng, T, Luo, Y, and Zhang, L. Pretreatment neutrophil-to-
lymphocyte ratio is associated with immunotherapy efficacy in patients with advanced
cancer: a systematic review and meta-analysis. Sci Rep. (2025) 15:446. doi: 10.1038/
541598-024-84890-3

14. Széles, A, Kubik, A, Vancsa, S, Griinwald, V, Hadaschik, B, Acs, N, et al. Prognostic
and predictive value of pre-treatment blood-based inflammatory biomarkers in patients
with urothelial carcinoma treated with immune checkpoint inhibitors: a systematic
review and meta-analysis. Front Immunol. (2025) 16:1554048. doi: 10.3389/
fimmu.2025.1554048

15. Kosidto, JW, Wolszczak-Biedrzycka, B, Matowicka-Karna, J, Dymicka-Piekarska, V,
and Dorf, J. Clinical significance and diagnostic utility of NLR, LMR, PLR and SII in the
course of COVID-19: A literature review. ] Inflamm Res. (2023) 16:539-62. doi: 10.2147/
jir.$395331

16. Montégut, L, Lopez-Otin, C, and Kroemer, G. Aging and cancer. Mol Cancer.
(2024) 23:106. doi: 10.1186/s12943-024-02020-z

17. Liu, X, Cai, L], Ji, ], Tian, DP, Guo, Y, Chen, SB, et al. Genomic characteristics and
evolution of multicentric esophageal and gastric cardiac Cancer. Biol Direct. (2024)
19:51. doi: 10.1186/513062-024-00493-y

frontiersin.org


https://doi.org/10.3389/fnut.2025.1559892
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1111/1751-2980.12945
https://doi.org/10.3389/fnut.2023.1043550
https://doi.org/10.1016/j.ygyno.2021.11.009
https://doi.org/10.1007/s00520-021-06612-z
https://doi.org/10.1007/s00520-021-06612-z
https://doi.org/10.1002/ags3.12351
https://doi.org/10.1016/j.clnu.2017.06.017
https://doi.org/10.1002/cncr.34218
https://doi.org/10.1002/cncr.34218
https://doi.org/10.1016/j.nut.2021.111492
https://doi.org/10.3389/fsurg.2023.1112473
https://doi.org/10.3389/fsurg.2023.1112473
https://doi.org/10.3389/fnut.2022.981533
https://doi.org/10.1089/cbr.2021.0343
https://doi.org/10.1080/07853890.2025.2476729
https://doi.org/10.1038/s41598-024-84890-3
https://doi.org/10.1038/s41598-024-84890-3
https://doi.org/10.3389/fimmu.2025.1554048
https://doi.org/10.3389/fimmu.2025.1554048
https://doi.org/10.2147/jir.S395331
https://doi.org/10.2147/jir.S395331
https://doi.org/10.1186/s12943-024-02020-z
https://doi.org/10.1186/s13062-024-00493-y

Guo et al.

18. Kudou, K, Nakashima, Y, Haruta, Y, Nambara, S, Tsuda, Y, Kusumoto, E, et al.
Comparison of inflammation-based prognostic scores associated with the prognostic
impact of adenocarcinoma of Esophagogastric junction and upper gastric Cancer. Ann
Surg Oncol. (2021) 28:2059-67. doi: 10.1245/s10434-020-08821-y

19. Tsekrekos, A, Okumura, Y, Rouvelas, I, and Nilsson, M. Gastric Cancer surgery:
balancing oncological efficacy against postoperative morbidity and function detriment.
Cancers (Basel). (2024) 16:1741. doi: 10.3390/cancers16091741

20. Huang, XZ, Yang, YC, Chen, Y, Wu, CC, Lin, RE, Wang, ZN, et al. Preoperative
Anemia or low hemoglobin predicts poor prognosis in gastric Cancer patients: A Meta-
analysis. Dis Markers. (2019) 2019:1-9. doi: 10.1155/2019/7606128

21. Chi, G, Lee, JJ, Montazerin, SM, and Marszalek, J. Prognostic value of hemoglobin-
to-red cell distribution width ratio in cancer: a systematic review and meta-analysis.
Biomark Med. (2022) 16:473-82. doi: 10.2217/bmm-2021-0577

22. Kunishige, T, Migita, K, Matsumoto, S, Wakatsuki, K, Nakade, H, Aoki, S, et al.
The prognostic significance of preoperative Anemia in gastric Cancer patients. In vivo
(Athens, Greece). (2022) 36:2314-22. doi: 10.21873/invivo.12962

23. Bozkaya, Y, Kurt, B, and Giirler, E. A prognostic parameter in advanced non-small
cell lung cancer: the ratio of hemoglobin-to-red cell distribution width. Int J Clin Oncol.
(2019) 24:798-806. doi: 10.1007/s10147-019-01417-x

24. Yazici, P, Demir, U, Bozkurt, E, Isil, GR, and Mihmanli, M. The role of red cell
distribution width in the prognosis of patients with gastric cancer. Cancer Biomark.
(2017) 18:19-25. doi: 10.3233/cbm-160668

25. Petrella, F, Casiraghi, M, Radice, D, Cara, A, Maffeis, G, Prisciandaro, E, et al.
Prognostic value of the hemoglobin/red cell distribution width ratio in resected lung
adenocarcinoma. Cancers (Basel). (2021) 13:710. doi: 10.3390/cancers13040710

Frontiers in Nutrition

11

10.3389/fnut.2025.1559892

26. Shota, S, Saito, H, Kono, Y, Murakami, Y, Shishido, Y, Miyatani, K, et al. Prognostic
significance of pre- and post-operative red-cell distribution width in patients with
gastric Cancer. ] Gastrointest Surg. (2020) 24:1010-7. doi: 10.1007/s11605-019-04392-w

27. Sun, P, Zhang, E, Chen, C, Bi, X, Yang, H, An, X, et al. The ratio of hemoglobin to
red cell distribution width as a novel prognostic parameter in esophageal squamous cell
carcinoma: a retrospective study from southern China. Oncotarget. (2016) 7:42650-60.
doi: 10.18632/oncotarget.9516

28.Kang, J, Yang, G, Wang, D, Lin, Y, Wang, Q, and Luo, H. The clinical application
value of the prognostic nutritional index for the overall survival prognosis of patients
with esophageal Cancer: A robust real-world observational study in China. Comput
Math Methods Med. (2022) 2022:1-9. doi: 10.1155/2022/3889588

29. Tanaka, S, Uchino, ], Yokoi, T, Kijima, T, Goto, Y, Suga, Y, et al. Prognostic
nutritional index and lung immune prognostic index as prognostic predictors for
combination therapies of immune checkpoint inhibitors and cytotoxic anticancer
chemotherapy for patients with advanced non-small cell lung cancer. Diagnostics (Basel,
Switzerland). (2022) 12:423. doi: 10.3390/diagnostics12020423

30. Xie, H, Wei, L, Yuan, G, Liu, M, Tang, S, and Gan, J. Prognostic value of prognostic
nutritional index in patients with colorectal Cancer undergoing surgical treatment. Front
Nutr. (2022) 9:794489. doi: 10.3389/fnut.2022.794489

31. Yang, Y, Gao, P, Song, Y, Sun, J, Chen, X, Zhao, ], et al. The prognostic nutritional index
is a predictive indicator of prognosis and postoperative complications in gastric cancer: A
meta-analysis. Eur ] Surg Oncol. (2016) 42:1176-82. doi: 10.1016/j.€js0.2016.05.029

32. Xiao, H, Zhou, H, Zhang, P, Xiao, H, Liu, K, Chen, X, et al. Association among the
prognostic nutritional index, completion of adjuvant chemotherapy, and cancer-specific
survival after curative resection of stage II/III gastric cancer. Eur J Clin Nutr. (2020)
74:555-64. doi: 10.1038/s41430-019-0502-1

frontiersin.org


https://doi.org/10.3389/fnut.2025.1559892
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1245/s10434-020-08821-y
https://doi.org/10.3390/cancers16091741
https://doi.org/10.1155/2019/7606128
https://doi.org/10.2217/bmm-2021-0577
https://doi.org/10.21873/invivo.12962
https://doi.org/10.1007/s10147-019-01417-x
https://doi.org/10.3233/cbm-160668
https://doi.org/10.3390/cancers13040710
https://doi.org/10.1007/s11605-019-04392-w
https://doi.org/10.18632/oncotarget.9516
https://doi.org/10.1155/2022/3889588
https://doi.org/10.3390/diagnostics12020423
https://doi.org/10.3389/fnut.2022.794489
https://doi.org/10.1016/j.ejso.2016.05.029
https://doi.org/10.1038/s41430-019-0502-1

	The prognostic value of pretreatment inflammatory and nutrition-related indices in patients with cardia cancer
	1 Introduction
	2 Patients and methods
	2.1 Patients
	2.2 Data collection
	2.3 Follow-up
	2.4 Statistical analysis

	3 Results
	3.1 Clinical characteristics
	3.2 Optimal cut-off values for BMI, PLR, HRR, PNI, and HALP score
	3.3 Prognosis of patients based on sex, age, stage, treatment regimen, and pretreatment inflammatory and nutrition-related markers
	3.4 Univariate and multivariate cox regression analysis
	3.5 Prognostic risk stratification analysis
	3.6 Predictive value of prognostic risk stratification with cardia cancer patients

	4 Discussion

	Acknowledgments
	References

