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Platelet-lymphocyte ratio
predicts chemotherapy response
and prognosis in patients with
gastric cancer undergoing
radical resection
Qingnuo Zeng, Shilong Wang, Zilong Bai, Yuanhua Nie,
Longwen Xu and Dongmin Chang*

Department of Oncology Surgery, First Affiliated Hospital of Xi’an Jiaotong University, Xi’an, China
Background: Amounting literatures have reported the significance of systemic

inflammatory markers for evaluating tumor prognosis. But few studies have

systemat ica l ly compared thei r super ior i ty and thei r impact on

adjuvant chemotherapy.

Aims: We aimed to investigate the ability of inflammatory markers to predict the

efficacy of chemotherapy in GC patients undergoing radical therapy and to identify

an effective methodology based on the study’s findings that would enable

clinicians to differentiate between chemotherapy-responsive populations.

Methods: We retrospectively enrolled 730 GC patients who underwent radical

gastrectomy. Fibrinogen (FIB), platelet-lymphocyte ratio (PLR), systemic

inflammation response index (SIRI), prognostic nutritional index (PNI), systemic

immune-inflammation index (SII), neutrophil-lymphocyte ratio (NLR) and lymph

node ratio (LNR) were grouped according to cutoff values. Their clinical

significance for GC prognosis was determined by multivariate COX regression

analysis in the 730 GC patients and high/low PLR status subgroups. Cases were

divided into four groups according to PLR status and adjuvant chemotherapy

status and survival was compared among groups.

Results: Multivariate analysis showed that PLR was an independent prognostic

factor for overall survival (OS) and disease-free survival (DFS) of GC patients.

Adjuvant chemotherapy improved survival more significantly in patients with low

PLR than that with high PLR. Among patients receiving adjuvant chemotherapy,

low PLR was significantly associated with prolonged survival in TNM stage II, but

not in TNM stage III.

Conclusion: Preoperative high PLR is an independent risk factor for GC patients

undergoing radical gastrectomy and adversely affects the postoperative

chemotherapy effect.
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1 Introduction

Gastric cancer (GC) is the fifth most commonly diagnosed and

the fourth leading causes of cancer-related mortality worldwide (1).

More than 70% of patients are diagnosed with advanced GC, which

seriously threatens human health (2). Despite advancements in

surgical techniques and other treatment methods, patients with

advanced gastric cancer have a poor prognosis, with a median

overall survival (OS) of only 1 year (3). In order to improve the OS

of GC patients, it is of great clinical significance to explore the

reliable prognostic markers that can help identify high-risk patients

early, and take individualized treatment.

Currently, general treatment of cancer includes neoadjuvant

chemotherapy and adjuvant chemotherapy, administered before

and after surgery, respectively (4). However, chemoresistance

remains the uppermost disincentive for cancer treatment.

Chemoresistance usually display resistance through various

mechanisms including tumor cell intrinsic factors and non-tumor

cell extrinsic factors. The latter includes the tumor-associated

inflammatory microenvironment (5). Notably, indexes of

inflammatory cells, including the pretreatment neutrophil-

lymphocyte ratio (NLR) lymphocyte-monocyte ratio (LMR) and

platelet-lymphocyte ratio (PLR), can reflect the extent of

inflammation. Studies have suggested that the combination C-

reactive protein (CRP), systemic inflammation response index

(SIRI) and PLR not only predicts OS, relapse-free survival (RFS),

but also significantly correlates with the degree of lymph node

metastasis in GC (6). Inflammatory are closely related not only to

cancer prognosis (7–9), but also to chemotherapy response (10).

However, the evidence is still limited regarding the joint association

between high inflammation condition and the prognosis in patients

with GC. Controversy remains about the effect of inflammation on

the response to chemotherapy in patients with GC.

In this study, we aimed to investigate the ability of

inflammatory markers to predict the efficacy of chemotherapy in

patients with GC treated with curative treatment and to identify an

effective method that would allow clinicians to differentiate between

chemotherapy-responsive populations.
2 Materials and methods

2.1 Patients

We retrospectively enrolled 730 patients with primary GC who

underwent radical resection between January 2010 and December

2017 at The First Affiliated Hospital of Xi’an Jiaotong University,
02
Xi’an, China. All patients were diagnosed based on pathological

evidence and staged according to the eighth edition of American

Joint Committee on Cancer (AJCC) tumor-node-metastasis (TNM)

staging system. Patient follow-up data were obtained through

regular follow-up with a final follow-up time of June 2020. OS

was defined as the time from the date of radical surgery to the time

of last follow-up or time of death, and disease-free survival (DFS)

was defined as the time from the date of radical surgery to the time

of last follow-up or time of recurrence. For OS, the endpoint event

was death. For DFS, the endpoint event was disease recurrence, and

censoring meant that no endpoint event was observed at the last

follow-up. Recurrence is diagnosed based on imaging findings or

biopsy of suspicious lesions. Adjuvant chemotherapy is

recommended for most pathological stage II and III patients in

our center according to the patient’s wishes and health status. Our

center routinely recommends a combination of 5-fluorouracil and

cisplatin/oxaliplatin or paclitaxel chemotherapy regimens.

Inclusion criteria: (1) all patients were initially diagnosed and had

pathological evidence; (2) stage I-III disease; (3) age≥18 years; (4)

patients with pathologically negative resection margins (R0

resection); (5) complete clinical data. Exclusion criteria: (1)

accompanying or secondary to other tumors; (2) infection,

inflammation, hematologic disease or taking medications that

affect hematology 1 months before surgery; (3) received any

treatment prior to radical gastrectomy; (4) lost to follow-up.

Laboratory indicators were within one week before treatment. All

methods were performed in accordance with the relevant guidelines

and regulations. Informed consent was obtained from all subjects

and/or their legal guardian(s).
2.2 Baseline characteristics and optimal
cut-off values

We collected gender, age at surgery, hematologic data

(including complete blood count, fibrinogen (FIB) and albumin),

pathological parameters (tumor location, tumor differentiation, T

stage, N stage, TNM stage, lymph nodes retrieval and tumor size)

and adjuvant chemotherapy status. PLR = platelet count/

lymphocyte count. SIRI = neutrophil count * monocyte count/

lymphocyte count (11). NLR = neutrophil count/lymphocyte

count. Prognostic nutritional index (PNI) = (10 * serum albumin,

g/dl) + (0.005 * blood lymphocyte count, unit/l). Systemic immune-

inflammation index (SII) = platelet count * neutrophil count/

lymphocyte count. Lymph node ratio (LNR) was calculated by

dividing the number of tumor cell positive lymph nodes by the

number of resected lymph nodes. The cut-off value for age was set

to 60 years and the cut-off value for tumor size was 5 cm. The cut-off
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values of other parameters were calculated by receiver operating

characteristics (ROC) curve analysis. The evaluation criterion of

ROC analysis was whether the patient died at the last follow-up.

Tumor histology was divided into undifferentiated type (including

undifferentiated or poorly differentiated adenocarcinoma,

mucinous carcinoma and signet ring cell carcinoma) and

d i ff e r en t i a t ed t yp e ( i n c l ud ing we l l o r mode r a t e l y

differentiated adenocarcinoma).
2.3 Statistical analysis

Continuous variates were grouped according to their respective

cut-off values and presented as frequencies and percentages and

compared using the chi-square test or Fisher exact test. Continuous

non-normally distributed variables variates were presented as the

median and interquartile range (IQR) in parentheses and compared

with log-rank tests, while continuous normally distributed variates

were presented as mean ± standard deviation and compared using

Student’s t-tests. Factors related to OS and DFS were assessed by the

log-rank test and visualized using the Kaplan-Meier method.

Survival rate was obtained from survival analysis table.

Independent prognostic factors for OS and DFS were determined

by multivariate Cox regression analysis and assessed by Wald’s test.

The statistically significant variables from the univariate analysis

were included in multivariate analysis. Inflammatory markers that

are independent risk factors for GC are used for subsequent

subgroup analysis. To explore the effect of inflammatory status on

adjuvant chemotherapy, univariate and multivariate Cox regression

analys is was a lso conducted in cohort s tra t ified by

inflammation status.

Statistical analysis and plotting were performed with SPSS

Statistics software (version 22.0, IL, USA), 2-sided p<0.05 were

considered statistical significantly.
3 Result

3.1 Clinical characteristics of the patients

A total of 730 GC patients were included. There were 178

(24.4%) female and 398 (54.5%) patients older than 60 years. Distal

gastric tumors accounted for 58.8% of all tumors, and proximal

tumors accounted for 24.5%. In terms of GC staging, there were

199, 101, and 430 patients with GC stages I, II, and III, respectively.

Among all samples, there were 512 (70.1%) cases undifferentiated

and 238 (32.6%) cases with tumor size greater than or equal to 5 cm.

445 (61%) patients received adjuvant chemotherapy (Table 1).
3.2 The value of FIB, PLR, SIRI, PNI, SII, NLR
in the prognosis prediction of
gastric cancer

The optimal cut-off values for FIB, PLR, SIRI, PNI, SII, NLR and

LNR were 3.585 g/l, 163.8, 0.665, 40.06, 456.3, 2.08 and 0.085,
Frontiers in Oncology 03
respectively (Supplementary Figure 1). Kaplan-Meier survival

analysis showed that older GC patients had worse OS and DFS

than younger patients (Figures 1A, B), and patients with higher PLR

had worse OS and DFS than GC patients with lower PLR

(Figures 1C, D). High FIB, high SIRI, low PNI, high SII and high

NLR were also associated with poor OS (Supplementary Figure 2).

Consistently, in univariate analysis, we found that age, FIB, PLR,

SIRI, PNI, SII, NLR, LNR, tumor size, tumor location, tumor

differentiation, TNM stage and adjuvant chemotherapy were

associated with OS. In the multivariate analysis, higher PLR was

an independent risk factor for GC with a hazard ratio (HR) of 1.413

and a 95% confidence interval (CI) of 1.069-1.866 (P=0.015).

Likewise, elder age (HR: 1.424, 95% CI: 1.082-1.873) (P=0.012),

higher FIB (HR: 1.322, 95% CI: 1.008-1.734) (P=0.044), higher LNR

(HR: 2.77, 95% CI: 1.95-3.934) (P<0.001) and advanced TNM stage

with a HR (95% CI) of 3.002 (1.477-6.101) for stage II (P=0.002)

and 6.125 (3.125-12.005) for stage III (P<0.001) were also

independent risk factors. While adjuvant chemotherapy was a

protective factor (HR: 0.476, 95% CI: 0.33-0.686) (P<0.001)

(Table 2). For DFS, higher PLR (HR: 1.396, 95% CI: 1.072-1.818)

(P=0.013), elder age (P=0.005), higher LNR (P<0.001), without

adjuvant chemotherapy (P<0.001) and advanced stage (P=0.002 for

stage II and P<0.001 for stage III) as risk factors also showed

significance. To our surprise, FIB was not an independent risk

factor for DFS (Table 3). When we focused on patients who received

adjuvant chemotherapy and performed subgroup analyses

according to TNM stage, we found that low PLR was significantly

associated with prolonged survival (both OS and DFS) in TNM

stage II (P=0.024 for OS, P=0.043 for DFS), but not in TNM stage

III (P=0.418 for OS, P=0.548 for DFS) (Supplementary

Figures 3A–D).
3.3 PLR adversely affects adjuvant
chemotherapy efficacy

To explore the impact of inflammatory status on tumor

treatment and prognosis, we performed subgroup analysis based

on PLR levels. Baseline Characteristics showed that a high PLR was

associated with gender (P=0.001), FIB (P<0.001), SIRI (P<0.001),

SII (P<0.001), NLR (P<0.001), tumor size (P<0.001), TNM stage

(P<0.001) and chemotherapy (P=0.043) (Table 1). As previously

described, variables that were statistically significant in univariate

analysis were included in multivariate Cox regression analysis. We

included adjuvant chemotherapy in the multivariate analysis

regardless of whether there was a statistical difference in the

univariate analysis. Multivariate analysis showed that elevated FIB

(HR: 1.592, 95% CI: 1.13-2.244, P=0.008), higher LNR (HR: 2.189,

95% CI: 1.388-3.45, P=0.001), advanced TNM stage (stage II, HR:

2.624, 95% CI:1.014-6.789, P=0.047; stage III, HR: 10.398, 95% CI:

4.287-25.223, P<0.001) were found to be risk factors in patients with

low PLR. As expected, adjuvant chemotherapy was associated with

favorable prognosis (HR: 0.402, 95% CI: 0.238-0.677, P=0.001)

(Table 4). In the high PLR subgroup, to our surprise, adjuvant

chemotherapy is not associated with GC survival in univariate
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TABLE 1 Association between baseline characteristics and PLR (N=730).

Characteristics
All Low PLR High PLR

P value
(N=730) (N=509) (N=221)

Gender, female 178(24.4) 106(20.8) 72(32.6) 0.001

Age, ≥60 years 398(54.5) 276(54.2) 122(55.2) 0.807

FIB, ≥3.585 g/l 245(33.6) 139(27.3) 106(48) <0.001

SIRI, ≥0.665 403(55.2) 249(48.9) 154(69.7) <0.001

PNI, ≥40.06 460(63) 312(61.3) 148(67) 0.145

SII, ≥456.3 298(40.8) 120(23.6) 178(80.5) <0.001

NLR, ≥2.08 322(44.1) 160(31.4) 162(73.3) <0.001

LNR, ≥0.085 292(40) 201(39.5) 91(41.2) 0.387

Tumor size, ≥5 cm 238(32.6) 138(27.1) 100(45.2) <0.001

Histology 0.218

differentiated 218(29.9) 159(31.2) 59(26.7)

undifferentiated 512(70.1) 350(68.8) 162(73.3)

Tumor location 0.692

proximal stomach 179(24.5) 123(24.2) 56(25.3)

distal stomach 429(58.8) 297(58.3) 132(59.7)

total stomach 122(16.7) 89(17.5) 33(14.9)

T stage <0.001

T1 170(23.3) 138(27.1) 32(14.5)

T2 61(8.4) 49(9.6) 12(5.4)

T3 77(10.5) 53(10.4) 24(10.9)

T4 422(57.8) 269(52.8) 153(69.2)

N stage 0.38

N0 327(44.8) 237(46.6) 90(40.7)

N1 116(15.9) 82(16.1) 34(15.4)

N2 123(16.8) 83(16.3) 40(18.1)

N3 164(22.5) 107(21) 57(25.8)

TNM stage <0.001

I 199(27.3) 162(31.8) 37(16.7)

II 101(13.8) 69(13.6) 32(14.5)

III 430(58.9) 278(54.6) 152(68.8)

Chemotherapy 0.043

yes 445(61) 298(58.5) 147(66.5)

no 285(39) 211(41.5) 74(33.5)

OS, month 41(27-63.25) 41(31-65) 40(19-58.5) 0.019

DFS, month 41(25-63) 41(28-65) 40(19-58) 0.025
F
rontiers in Oncology
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Data are presented as quantity and percentage or median and interquartile range in parentheses. FIB, fibrinogen; PLR, platelet lymphocyte ratio; SIRI, systemic inflammation response index; PNI,
prognostic nutritional index; SII, systemic immune-inflammation index; NLR, neutrophil-lymphocyte ratio; LNR, lymph node ratio. TNM, tumor node metastasis; OS, overall survival; DFS,
disease-free survival. Chemotherapy, refers to adjuvant chemotherapy. The cut-off value of PLR was 163.8 obtained from ROC curve.
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survival analysis (P=0.055). Multivariate survival analysis showed

that elder age (HR:1.609, 95% CI: 1.036-2.499, P=0.034), higher

SIRI (HR: 1.965, 95% CI: 1.104-3.499, P=0.022) and higher LNR

(HR: 3.53, 95% CI: 2.22-5.613, P<0.001) was significantly associated

with shorter OS (Table 5). While chemotherapy was not associated

with OS (P=0.055). In terms of DFS, after subgrouping by PLR,

univariate survival analysis and multivariate survival analysis

yielded similar results to OS (Supplementary Tables 1, 2). To

explore whether the effect of inflammation on chemotherapy

efficacy is stage-specific, cases were divided into four groups
Frontiers in Oncology 05
according to PLR status and adjuvant chemotherapy. The Kaplan-

Meier curves were used to determine OS and DFS of GC patients

with stage II or stage III. In TNM stage II, the effect of adjuvant

chemotherapy in the low PLR group was significantly higher than

that in the high PLR group (Figures 1E, G). Although survival was

comparable between the low and high PLR groups among patients

with TNM stage III receiving chemotherapy, adjuvant

chemotherapy improved survival more significantly in the low

PLR group than in the high PLR group, which is consistent with

the cox multivariate analysis results (Figures 1F, H).
B

C D

E F

G H

A

FIGURE 1

Kaplan-Meier survival curves for patients with gastric cancer. (A) Survival curves of age for OS. (B) Survival curves of age for DFS. (C) Survival curves
of PLR for OS. (D) Survival curves of PLR for DFS. (E–H) PLR can identify patient response to adjuvant chemotherapy (CT). (E) Survival curves of PLR-
CT groups for OS in patients with stage II. Low PLR, no CT vs. CT P=0.158; high PLR, no CT vs. CT P=0.524. (F) Survival curves of PLR-CT groups for
OS in patients with stage III. Low PLR, no CT vs. CT P=0.001; high PLR, no CT vs. CT P<0.107. (G) Survival curves of PLR-CT groups for DFS in
patients with stage II. Low PLR, no CT vs. CT P=0.125; high PLR, no CT vs. CT P<0.524. (H) Survival curves of PLR-CT groups for DFS in patients with
stage III. Low PLR, no CT vs. CT P<0.001; high PLR, no CT vs. CT P=0.174.
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4 Discussion

In our retrospective analysis, we systematically explored the

prognostic significance of representative blood-derived

inflammatory markers. We confirmed the effect of PLR as the

most prominent inflammatory marker on the survival of GC

patients after radical therapy. We also demonstrated the adverse

impact of inflammation on adjuvant chemotherapy.

There is a mutually reinforcing relationship between tumors and

systemic inflammation (12). The prognostic value of blood-borne

inflammatory markers including PLR, SIRI, PNI, SII, NLR, etc. in

cancer patients has been clearly articulated (13–17). The combined

prognostic value of inflammatory markers has also been reported (18,

19). However, few studies have compared the superiority of these

indicators in predicting tumor prognosis. One study reported that,

compared with PLR, NLR has superiority in assessing prognosis of

metastatic gastric cancer (17). Conversely, the superiority of PLR in

blood-derived inflammatory factors in predicting prognosis has also

been reported (20). Another study reported that neither SII, NLR nor

PLR were independent factors for OS (21). Based on these
Frontiers in Oncology 06
inconsistencies, the relationship between inflammatory markers

and tumor prognosis needs to be further explored. Here, we found

that PLR and FIB were independent prognostic factors in patients

with GC bymultivariate survival analysis. patients with PLR>163.8 or

FIB>3.585 had significantly worse OS and DFS. As tumor-associated

inflammation can enhance neo-angiogenesis, promote tumor

progression and metastatic spread, cause local immunosuppression,

and further increase genomic instability (22), the clinical significance

of the optimal inflammatory marker PLR is taken for granted. When

we performed subgroup analysis by PLR level, we found that adjuvant

chemotherapy did not significantly improve survival in patients with

high PLR level. Contrastingly, adjuvant chemotherapy in the low PLR

subgroup demonstrated significance in assessing survival. In other

words, in a hyperinflammatory state, the effect of chemotherapy is

limited. The influence of inflammatory status on the efficacy of

chemotherapy was presented by Kaplan-Meier curves. As

mentioned, low PLR patients receiving chemotherapy show best

prognosis. In the low-PLR subgroup, the chemotherapy patients

had a significantly longer OS and DFS than the non-chemotherapy

patients. In the high PLR group, there was no significant difference in
TABLE 2 Univariate and multivariate analyses for overall survival of GC patients (N=730).

Parameters
Univariate analysis Multivariate analysis

HR 95%CI P value HR 95%CI P value

Gender 1.147 0.865-1.52 0.34

Age 1.678 1.311-2.148 <0.001 1.424 1.082-1.873 0.012

FIB 1.752 1.381-2.224 <0.001 1.322 1.008-1.734 0.044

PLR 1.513 1.184-1.933 0.001 1.413 1.069-1.866 0.015

SIRI 1.575 1.23-2.018 <0.001 0.176

PNI 0.489 0.371-0.644 <0.001 0.121

SII 1.462 1.153-1.853 0.002 0.959

NLR 1.466 1.157-1.859 0.002 0.451

LNR 4.534 3.393-6.059 <0.001 2.77 1.95-3.934 <0.001

Tumor size 1.96 1.51-2.543 <0.001 0.154

Tumor location

proximal stomach 1

distal stomach 0.695 0.524-0.921 0.011 0.482

full stomach 1.488 1.061-2.085 0.021 0.065

Histology 0.84 0.646-1.092 0.192

TNM stage

I 1 1

II 2.387 1.319-4.321 0.004 3.002 1.477-6.101 0.002

III 7.404 4.684-11.703 <0.001 6.125 3.125-12.005 <0.001

Chemotherapy1 2.439 1.84-3.234 <0.001 0.476 0.33-0.686 <0.001
HR, hazard ratio; CI, confidence interval. FIB, fibrinogen; PLR, platelet-lymphocyte ratio; SIRI, systemic inflammation response index; PNI, prognostic nutritional index; SII, systemic immune-
inflammation index; NLR, neutrophil-lymphocyte ratio; LNR, lymph node ratio; TNM, tumor node metastasis. The reference of parameters was female, age<60 years, FIB<3.585, PLR<163.8,
SIRI<0.665, PNI<40.06, SII<456.3, NLR<2.08, LNR<0.085, tumor size<5 cm, undifferentiated and without adjuvant chemotherapy, respectively. 1Adjuvant chemotherapy appeared to be a risk
factor in univariate analysis because patients with TNM stage I were included in COX regression. In fact, in the univariate analysis considering only TNM stage II-III, the HR for adjuvant
chemotherapy was 0.222 (95% CI: 0.168-0.292, P<0.001).
frontiersin.org

https://doi.org/10.3389/fonc.2024.1279011
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Zeng et al. 10.3389/fonc.2024.1279011
TABLE 3 Univariate and multivariate analyses for disease-free survival of GC patients (N=730).

Parameters
Univariate analysis Multivariate analysis

HR 95%CI P value HR 95%CI P value

Gender 1.177 0.896-1.545 0.241

Age 1.624 1.283-2.056 <0.001 1.449 1.12-1.876 0.005

FIB 1.723 1.369-2.167 <0.001 0.06

PLR 1.461 1.153-1.851 0.002 1.396 1.072-1.818 0.013

SIRI 1.503 1.186-1.905 0.001 0.185

PNI 0.514 0.396-0.668 <0.001 0.198

SII 1.499 1.193-1.883 0.001 0.525

NLR 1.478 1.177-1.857 0.001 0.197

LNR 4.358 3.314-5.73 <0.001 2.696 1.931-3.763 <0.001

Tumor size 1.901 1.481-2.439 <0.001 0.112

Tumor location

proximal stomach 1

distal stomach 0.689 0.526-0.903 0.007 0.362

full stomach 1.447 1.043-2.005 0.027 0.069

Histology 0.855 0.665-1.099 0.221

TNM stage

I 1 1

II 2.159 1.24-3.761 0.007 2.752 1.431-5.292 0.002

III 6.728 4.42-10.24 <0.001 5.655 3.047-10.497 <0.001

Chemotherapy1 2.42 1.848-3.171 <0.001 0.499 0.351-0.711 <0.001
F
rontiers in Oncology
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The reference of parameters was female, age<60 years, FIB<3.585, PLR<163.8, SIRI<0.665, PNI<40.06, SII<456.3, NLR<2.08, LNR<0.085, tumor size<5 cm, undifferentiated and without adjuvant
chemotherapy, respectively. 1In the univariate analysis considering only TNM stage II-III, the HR for adjuvant chemotherapy was 0.238 (95% CI: 0.181-0.312, P<0.001).
TABLE 4 Univariate and multivariate analyses for overall survival of GC patients with low PLR (N=509).

Parameters
Univariate analysis Multivariate analysis

HR 95%CI P value HR 95%CI P value

Gender 1.189 0.81-1.746 0.378

Age 1.681 1.231-2.295 0.001

FIB 2.141 1.581-2.899 <0.001 1.592 1.13-2.244 0.008

SIRI 1.381 1.022-1.867 0.036

PNI 0.523 0.373-0.733 <0.001

SII 1.314 0.937-1.843 0.113

NLR 1.429 1.047-1.949 0.024

LNR 5.015 3.452-7.285 <0.001 2.189 1.388-3.45 0.001

Tumor size 2.179 1.56-3.043 <0.001

Tumor location

proximal stomach 1

(Continued)
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prognosis between chemotherapy patients and non-chemotherapy

patients. Multivariate survival analysis in subgroups also confirmed

these results. In conclusion, patients with low inflammatory status

seem to be more suitable for adjuvant chemotherapy. Anti-

inflammatory therapy combined with adjuvant chemotherapy may
Frontiers in Oncology 08
achieve better efficacy in patients with a hyperinflammatory state,

especially patients with TNM stage II.

A study on PLR for predicting survival in gastric mucinous

adenocarcinoma reported that the optimal cut-off value of PLR was

set at 133 according to the ROC curve (13). In another study on
TABLE 4 Continued

Parameters
Univariate analysis Multivariate analysis

HR 95%CI P value HR 95%CI P value

Tumor location

distal stomach 0.624 0.438-0.89 0.009

full stomach 1.454 0.961-2.201 0.076

Histology 0.894 0.647-1.237 0.499

TNM stage

I 1 1

II 1.692 0.777-3.683 0.185 2.624 1.014-6.789 0.047

III 7.848 4.608-13.369 <0.001 10.398 4.287-25.223 <0.001

Chemotherapy1 2.992 2.078-4.307 <0.001 0.402 0.238-0.677 0.001
The reference of parameters was female, age<60 years, FIB<3.585, PLR<163.8, SIRI<0.665, PNI<40.06, SII<456.3, NLR<2.08, LNR<0.085, tumor size<5 cm, undifferentiated and without adjuvant
chemotherapy, respectively. 1In the univariate analysis considering only TNM stage II-III, the HR for adjuvant chemotherapy was 0.149 (95% CI: 0.104-0.213, P<0.001).
TABLE 5 Univariate and multivariate analyses for overall survival of GC patients with high PLR (N=221).

Parameters
Univariate analysis Multivariate analysis

HR 95%CI P value HR 95%CI P value

Gender 1.277 0.837-1.948 0.257

Age 1.673 1.117-2.505 0.013 1.609 1.036-2.499 0.034

FIB 1.083 0.734-1.597 0.688

SIRI 1.756 1.095-2.815 0.019 1.965 1.104-3.499 0.022

PNI 0.449 0.278-0.727 0.001 0.092

SII 1.15 0.691-1.913 0.592

NLR 1.095 0.705-1.7 0.687

LNR 3.8 2.393-6.034 <0.001 3.53 2.22-5.613 <0.001

Tumor size 1.317 0.859-2.018 0.206

Tumor location

proximal stomach 1

distal stomach 0.839 0.526-1.338 0.461

full stomach 1.63 0.909-2.922 0.101

Histology 0.791 0.504-1.243 0.309

TNM stage

I 1

II 3.152 1.123-8.844 0.029 0.107

III 5.604 2.271-13.831 <0.001 0.742

Chemotherapy1 1.547 0.99-2.417 0.055 0.061
The reference of parameters was female, age<60 years, FIB<3.585, PLR<163.8, SIRI<0.665, PNI<40.06, SII<456.3, NLR<2.08, LNR<0.085, tumor size<5 cm, undifferentiated and without adjuvant
chemotherapy, respectively. 1In the univariate analysis considering only TNM stage II-III, the HR for adjuvant chemotherapy was 0.375 (95% CI: 0.24-0.587, P<0.001).
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metastatic gastric cancer, the best cut-off value for PLR was 201.6

(23). Whereas our current study found that the best cut-off value for

PLR was 163.8. This is generally consistent with the results of

previous literature. More accurate cutoffs may require studies with

large sample sizes. Furthermore, we focused more on the role of

adjuvant chemotherapy in different inflammatory states than on the

prognostic value of PLR. Based on our results, combining anti-

inflammatory therapy with adjuvant chemotherapy may prolong

patient survival.

Mul t ip le s tud ie s repor t the prognos t i c va lue o f

hyperfibrinogenemia in various tumors (24, 25). Plasma

fibrinogen promotes tumor cell growth and angiogenesis by

interacting with fibroblast growth factor-2 and vascular

endothelial growth factor (26). Consistently, we validated the role

of fibrinogen in the prognosis of gastric cancer. Since

hyperfibrinogenemia reflects the c hypercoagulable state to a

certain extent, and hypercoagulation may contribute to the

hematogenous metastasis of tumors (27), it is difficult to judge

how much fibrinogen directly promotes the tumor in the poor

prognosis of gastric cancer. Furthermore, growing evidence suggests

a broad interaction between coagulation and inflammation, with

inflammation leading to activation of coagulation, and coagulation

also significantly affecting inflammatory activity (28). The crosstalk

between these mechanisms together contributes to the formation of

a tumor-promoting microenvironment. This explains the

underlying mechanism by which fibrinogen and inflammatory

markers are linked to poor prognosis.

In recent years, the underlying mechanism by which platelets

promote tumor progression has been elucidated. For example,

platelets promote cell proliferation, angiogenesis, and epithelial-

mesenchymal transition by secreting cytokines and chemical

factors, and protect tumor cells from immune system attack by

forming microthrombi on tumor cells (29). Not only that, tumor-

platelet bidirectional interactions are closely related to

chemoresistance (30). It has been reported that low platelet count

enhanced the tumoricidal effects of chemotherapy in breast cancer

(31). There is also evidence that thrombocytosis promotes tumor

growth and inhibits ovarian cancer response to docetaxel.

Chemotherapy combined with antiplatelet antibodies inhibited

tumor growth more effectively (32). In fact, the antiplatelet agent

aspirin inhibited platelet-mediated angiogenesis and tumor cell

proliferation (33, 34). Low-dose aspirin reduces long-term

morbidity and mortality from colon cancer (35). Consistent with

this evidence, we found that high PLR was associated with poor

prognosis and poor chemotherapy response in gastric cancer.

Although studies have shown that low-dose aspirin does not

improve survival in gastric or esophageal cancer (36), the role of

inflammation in chemoresistance has been demonstrated (5). This

relationship was also reflected in inflammatory markers.

Association of high NLR values with chemoresistance and poor

prognosis has been reported (37). This inspires us that blood

inflammation indicators may be used as a reference for anti-

inflammatory adjuvant therapy.
Frontiers in Oncology 09
Our current study has some drawbacks, namely that it was a

retrospective analysis with a relatively small sample of female cases.

Although we recorded the status of postoperative adjuvant

chemotherapy, we did not record the chemotherapy regimen in

detail. The levels of various inflammatory cells in the blood are

affected by many factors, such as chronic inflammation. There are

also some inflammatory markers not included in the analysis, such

as CRP and CRP-derived markers. It cannot be ignored that

preoperative inflammatory markers did not necessarily correlate

with the patient’s inflammatory status before chemotherapy. To

assess the effect of inflammation on the efficacy of adjuvant

chemotherapy, it is more persuasive to assess the patient’s

inflammatory status during the peri-chemotherapy period.

Helicobacter pylori (H. pylori) infection is the greatest risk factor

associated with gastric cancer (20). Approximately 75% of the

global gastric cancer burden and 5.5% of malignancies worldwide

are attributable to H pylori-induced inflammation and injury (38).

However, due to insufficient data on this test in diagnosed patients,

we did not study it.

In conclusion, the present study validates the prognostic utility

of PLR. Adjuvant chemotherapy significantly improves survival in

patients with low PLR. Adjuvant chemotherapy combined with

anti-inflammatory therapy may achieve better survival.
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