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Abstract

Background: Gastric cancer (GC) continues to pose a significant global health challenge, particularly in advanced stages

where treatment options are severely constrained. Immunotherapy represents a groundbreaking advancement in cancer

treatment, exhibiting promising therapeutic effects in patients diagnosed with gastric cancer. According to the NCCN guide-

lines, the combination of PD-1 inhibitors and chemotherapy is recommended as a first-line therapeutic approach for pa-

tients with metastatic gastric cancer. However, the efficacy of immunotherapy is not universally applicable to all individuals.

Revealing precise biomarkers for tumor immunotherapy as targets or indicators for detection and evaluation can facilitate

the resolution of this predicament. This study aims to identify serum tumor markers and blood cell ratios as predictive bio-

markers to aid in the selection of gastric cancer patients who may benefit from PD-1 inhibitors therapy.

Methods: A retrospective analysis was conducted on the medical records and hematological data of 98 patients with HER2-

negative and microsatellite-stable (MSS) metastatic gastric cancer who received first-line treatment with PD-1 inhibitors in

combination with chemotherapy at our institution. We investigated peripheral blood parameters, including Neutrophil-to--

Lymphocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR), C-Reactive Protein-to-Albumin Ratio (CAR), AFP, Carci-

noembryonic Antigen (CEA), and Sugar antigens 199 (CA199). Logistic regression and Cox regression analyses were em-

ployed to assess the correlation of these parameters with treatment response and survival duration. The relationship be-

tween these indicators and overall survival was assessed by employing Kaplan-Meier survival curves, in conjunction with an

analysis of Overall Response Rate (ORR), Disease Control Rate (DCR), Progression-Free Survival (PFS), Overall Survival

(OS), and safety profiles..
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Results: Higher pre-treatment levels of NLR, CAR, AFP, and CA199, along with subsequent reductions in NLR, CAR, and

CA199 at 12 weeks post-treatment, exhibited a significant associated with extented PFS and OS. Multivariate Cox analysis

indicated that pre-treatment levels of AFP, as well as the reduction in NLR and CA199 at 12 weeks post-treatment, indepen-

dently serve as prognostic factors for PFS and OS in patients with gastric cancer undergoing immunotherapy. Additionally,

the reduction in NLR, CAR, and CA199 observed at 12 weeks after treatment exhibited a significant positive correlation

with enhanced DCR and ORR. Multivariate logistic regression analysis suggested that the decline in NLR and CA199 levels

at 12 weeks post-treatment could sever as independent prognostic factors for DCR, whereas pre-treatment CAR levels and

the decrease in CAR after 12 weeks may independently predict ORR in immunotherapy for gastric cancer. Notably, patients

with normal AFP levels mPFS of 6.8 months and mOS of 13.2 months, significantly surpassing those with elevated AFP lev-

els, who mPFS of 5.2 months and mOS of 9.4 months, with this difference achieving statistical significance. The AFP level

was identified as an independent prognostic factor for both PFS and OS in the context of immunotherapy for gastric cancer.

Conclusion: The combined assessment of NLR, CAR, and CA199 prior to treatment, along with the changes in these indica-

tors post-treatment, serves as critical metrics for evaluating the response to immunotherapy and prognosis in patients with

gastric cancer.

Keywords: gastric cancer, PD-1 inhibitor, neutrophil-to-lymphocyte ratio, C-reactive protein-to-albumin ratio, carbohy-

drate antigen 199

Introduction

Gastric cancer is a highly aggressive malignancy that remains the third leading cause of cancer-related mortality worldwide, de-

spite a recent decline in its incidence and mortality rates [1]. Patients with early-stage gastric cancer frequently exhibit no dis-

cernible clinical symptoms, leading to the majority of cases being diagnosed at advanced stages. Due to the scarcity of effective

and timely treatment options, individuals with advanced gastric cancer often experience low survival rates, with a median survi-

val time of less than 12 months [2]. Recent advancements in tumor-specific immune checkpoint inhibitors (ICIs) have opened

new therapeutic avenues for gastric cancer. Immune checkpoint inhibitors targeting programmed cell death protein 1 (PD-1)

and its ligand, PD-L1, have emerged as promising strategies for cancer treatment, whether used as monotherapy or in combina-

tion with chemotherapy [3,4]. Key biomarkers predictive of response to PD-1 inhibitors in gastric cancer patients include PD-

L1 expression levels, microsatellite instability (MSI), Epstein-Barr virus (EBV) infection status, and tumor mutational burden

(TMB) [5,6]. The broad application of these biomarkers in gastric cancer management, however, is constrained by the diversity

in epidemiology, associated costs, and the invasiveness of certain diagnostic tests..Consequently, there is an urgent demand for

innovative, accessible, and cost-effective biomarkers that can reliably predict the outcomes of immune checkpoint blockade in

advanced gastric cancer.

With the deepening understanding of the tumor microenvironment, a more intricate interplay among inflammation, immuni-

ty,  and cancer has been increasingly elucidated Inflammation affects  nearly every aspect of  tumor initiation,  promotion,  and

metastatic progression, while immune surveillance plays a vital role in preventing or suppressing tumor growth [7]. Research

has established that inflammatory markers such as NLR, monocyte-to-lymphocyte ratio (MLR), and PLR in peripheral blood

can reflect the overall inflammatory status of the body [8, 9]. These markers possess distinctive attrobutes of non-invasiveness,

cost-effectiveness,  accessibility,  and convenience,  rendering  them valuable  tools  for  evaluting  immune and inflammatory  re-

sponses  in various malignancie  such as  non-small  cell  lung cancer  [10]  and malignant  melanoma [11].  Clinically,  C-reactive

protein (CRP), produced by the liver, serves as a non-specific inflammatory marker. While the inflammatory response has tradi-

tionally been viewed as having anti-tumor effects, cancer patients often exhibit deficiencies in this response. Serum albumin (Al-

b), synthesized in the liver, is influenced by factors such as nutritional status, hormonal balance, and plasma osmotic pressure;
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low serum albumin levels may indicate poor prognosis in cancer patients. The CRP/albumin ratio (CAR) has emerged as an im-

portant inflammatory marker and has been associated with adverse outcomes in gastric cancer [12], pancreatic cancer [13], and

other malignancies when elevated prior to treatment. However, current research predominantly focuses on establishing base-

line values, with limited exploration of the dynamic changes in peripheral blood indices during treatment and their relation-

ship with therapeutic  efficacy.  This  study aims to  integrate  inflammatory and tumor markers,  thereby reflecting both tumor

characteristics and host defenses, which would facilitate the dynamic monitoring of responses to PD-1 inhibitor combined che-

motherapy for personalized treatment. To validate this approach, a retrospective analysis was conducted to investigate the rela-

tionship between the dynamic changes in peripheral blood markers-including NLR, PLR, CAR, AFP, CEA, and CA19-9 levels

and treatment efficacy.

Materials and Methods

Study Design

This study is a retrospective, real-world, single-center investigation that involved no interventions. The subjects included 98 pa-

tients with recurrent metastatic gastric cancer who received first-line treatment with PD-1 inhibitors in combination with che-

motherapy at the First Affiliated Hospital of Bengbu Medical College from January 1, 2022, to June 30, 2024. The treatment reg-

imens comprised the XELOX protocol (Oxaliplatin+Capecitabine), SOX protocol (Oxaliplatin+Tegio), administered in six cy-

cles (21 days per cycle). Patients concurrently received intravenous injections of either Sintilimab (200 mg), Toripalimab (200

mg), or Camrelizumab (200 mg) every three weeks (21 days per cycle). Following six cycles, patients continued to receive main-

tenance  therapy  with  the  corresponding  PD-1  inhibitor  combined  with  single-agent  chemotherapy  (21  days  per  cycle)  until

they experienced intolerability, disease progression, or severe adverse reactions.

Inclusion Criteria

Inclusion  criteria  comprised  an  Eastern  Cooperative  Oncology  Group (ECOG) performance  status  score  of  0-1  and  a  mini-

mum of four cycles of immunotherapy.

Exclusion Criteria

Exclusion criteria included autoimmune diseases, interstitial lung disease, adrenal insufficiency, systemic immunosuppression,

and patients who had experienced inflammation or used corticosteroids within the preceding month.

Data CollectionThe clinical and pathological characteristics of the patients included age at treatment, sex, Eastern Cooperative

Oncology Group (ECOG) performance status score, PD-L1 combined positive score (CPS) expression, sites of distant metasta-

sis, treatment regimen, and best response to treatment. This information was gathered through electronic medical records or

telephone follow-ups. Peripheral blood parameters were collected both prior to treatment and at 12 weeks post-treatment (i.e.,

at baseline and at 12 weeks). These parameters included the Neutrophil-to-Lymphocyte Ratio (NLR; absolute neutrophil coun-

t/absolute lymphocyte count), Platelet-to-Lymphocyte Ratio (PLR; absolute platelet count/absolute lymphocyte count), C-Reac-

tive Protein-to-Albumin Ratio (PAR; absolute C-reactive protein count/albumin), AFP, CEA, and CA199.In the analysis, all pa-

rameters were treated as binary variables: the first three metrics were dichotomized based on their median values, while the lat-

ter three were divided according to clinical significance, either from the upper or lower limits of hematological testing. The ref-

erence ranges for tumor markers were established as follows: CEA 0-5 ng/ml; CA199 0-37 IU/ml; AFP 0-20 ng/ml.

Efficacy Assessment

Post-treatment evaluations were conducted every 6 to 8 weeks using systemic Computed Tomography (CT) scans, with treat-
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ment  responses  assessed according to  the  Response  Evaluation Criteria  in  Solid  Tumors  (RECIST)  [14].  The final  follow-up

date was June 30, 2024. Treatment response was evaluated through the Objective Response Rate (ORR) and Disease Control

Rate (DCR), while survival outcomes were measured by Progression-Free Survival (PFS) and Overall Survival (OS). Specifical-

ly, ORR was defined as the sum of Complete Response (CR) and Partial Response (PR); DCR included CR, PR, and Stable Dis-

ease (SD).PFS was defined as the time from the initiation of treatment to clinical or radiographic progression or death, whereas

OS was the time from the initiation of treatment to the last follow-up or death, whichever occurred first.In this study, PD-L1

overexpression was expressed as a combined positive score (CPS)> 1. CPS was defined as the percentage of positive tumor live

cells (partial or complete membrane staining) and positive lymphocytes and macrophages (the presence of membrane or cyto-

plasmic staining of any intensity) in all live tumor cells, with results expressed by 0-100 (when calculated over 100, the final re-

sult is calculated as 100) [15].Adverse events were assessed using the Common Terminology Criteria for Adverse Events (CT-

CAE) version 4.03 provided by the National Cancer Institute. Immune-related adverse events (irAEs) were defined as adverse

events  associated  with  immune  system  dysregulation,  including  rash,  colitis,  liver  function  abnormalities,  thyroid  disorders,

and other conditions. The assessment of irAEs continued for 3 months, as the incidence of these events has been reported to be

highest within the initial 12 weeks [16].

Statistical Analysis

Baseline characteristics, peripheral blood parameters, and treatment responses of the patients were reported using the median

and interquartile ranges (IQRs) for continuous variables, while categorical variables were presented as frequencies and percent-

ages.  For  treatment  responses,  the  distribution of  clinical  factors  and peripheral  blood parameters  between patients  with the

best  response  and  those  without  was  compared  using  the  Chi-square  test.  Multivariate  logistic  regression  analysis  was  em-

ployed to explore the relationship between clinical factors, peripheral blood parameters, and optimal treatment response.Pro-

gression-Free  Survival  (PFS)  and  Overall  Survival  (OS)  curves  were  computed  using  the  Kaplan-Meier  method,  with  differ-

ences between groups assessed by the log-rank test. Cox regression models were utilized to identify independent factors associ-

ated  with  PFS and OS.  Factors  that  demonstrated  statistical  significance  in  univariate  analysis  were  included in  multivariate

analysis. All statistical tests were conducted using SPSS 25.0 andGraphPad Prism 9.0, with a P-value < 0.05 considered to indi-

cate statistical significance.

Ethics Statement: The study was approved by the Medical Ethics Committee of the First Affiliated Hospital of Bengbu Medical

College (Ethics Approval Number: Lunke Approval [2023] No. 378).The requirement of informed consent was exempted by

the IRB due to its retrospective nature. This research involved analyzing data that did not include personal identifying informa-

tion. Since the data analyzed pertained to patients who had already completed treatment, there was no direct risk or benefit to

individuals. Consequently, a waiver of consent was submitted and approval for this study was obtained. 

Results

Clinical Characteristics

A total of 98 patients were included in this study. Table 1 displays the detailed baseline clinical and pathological characteristics,

as well as treatment responses. The median age of the patients was 65 years, with 74.5% being male. The ECOG PS score was 0

(33.7%)  or  1  (66.3%).Out  of  the  86  patients  who  underwent  peripheral  blood  Alpha-Fetoprotein  (AFP)  testing,  69  patients

(80.2%) had AFP levels ≤20 ng/ml, while 17 patients (19.8%) had AFP levels >20 ng/ml. PD-L1 CPS expression was detected in

36 patients, with 29 patients (80.6%) CPS ≥1 and 7 patients (19.4%) CPS <1. Among the 98 patients, 92 (93.4%) received im-

munotherapy combined with oxaliplatin + 5-FU, while 6 (6.1%) received the combination of immunotherapy with cisplatin +

docetaxel.As of the follow-up date (June 30, 2024), 58 patients had died, and 40 patients were still receiving treatment. No pa-

tients achieved Complete Response (CR), 59 patients (60.2%) achieved Partial  Response (PR), 26 patients (26.5%) had Stable
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Disease (SD), and 13 patients (13.3%) Progression Disease (PD). The Objective Response Rate (ORR) and Disease Control Rate

(DCR) were 560.2% and 86.7%, respectively. Detailed peripheral blood parameters prior to treatment can be found in (Supple-

mentary Table 1), and those at 12 weeks post-treatment are in (Supplementary Table 2).The mPFS and mOS were 6.25 months

and 12.6 months, respectively (Supplementary Figure 1). In subgroup analyses, the mPFS for patients with ECOG PS 0 was 7.8

months,  and  the  mOS  was  16.2  months;  for  patients  with  ECOG  PS  1,  the  mPFS  was  6.0  months  and  the  mOS  was  11.3

months. Patients with AFP ≤20 ng/ml had a mPFS of 6.8 months, while those with AFP >20 ng/ml had a mPFS of 5.2 months.

Patients with PD-L1 CPS ≥1 had a mPFS of 7.6 months, whereas those with PD-L1 CPS <1 had a m PFS of 6.0 months (Supple-

mentary Figure 2).

Table 1: Baseline Characteristics and Treatment Responses of Patients

Characteristics No. of patients(N = 98) Percentage(%)

Age(years), median(IQR) 65（29-82）

<65 49 50

≥65 49 50

Gender

Female 25 25.5

Male 73 74.5

ECOG PS

0 33 33.7

1 65 66.3

Liver metastases

YES 26 26.5

NO 72 73.5

Omental invasion

YES 35 35.7

NO 63 64.3

Best response

CR 0 0

PR 51 52

SD 34 34.7

PD 13 13.3

AFP (ng/ml)

≤20 66 80.2

>20 17 19.8

PD-L1 CPS

CPS≥1 29 80.6

CPS<1 7 19.4

PR, partial response; SD, stabledisease; PD, progression disease; DCR, disease control rate; ORR, objective response rate; PFS,
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progression-free survival; OS:overall survival.

Relationship between Clinical Factors/peripheral blood indicators and Treatment Response

As shown in (Supplementary Table 3), ECOG PS , liver metastasis status, omental invasion status, AFP, PD-L1 CPS, CA199 0w,

NLR12w, PLR 12w, CEA12w and CA199 12w were related to DCR or ORR without any adjustments.

We first conducted univariate logistic regression analysis, which revealed that the following factors were significantly associat-

ed with DCR: NLR 12w DOWN (OR = 0.111, 95% CI: 0.028 – 0.441), PLR0w >186.15 (OR = 4.123, 95% CI: 1.059 – 16.050),

CAR12w UP (OR = 5.253, 95% CI: 1.346 – 20.504), CA1990w (IU/ml) >37 (OR = 4.125, 95% CI: 1.171 – 14.528), CA19912w (I-

U/ml) >37 (OR = 17.875, 95% CI: 3.653 – 87.462), and CEA12w (ng/ml) >5 (OR = 4.833, 95% CI: 1.367 – 17.094). These results

indicate that a decrease in NLR at 12 weeks, lower levels of PLR before treatment, CA19-9 ≤37 (IU/ml) at 0 week or 12 weeks af-

ter treatment, and CEA ≤5 (ng/ml) at 12 weeks were associated with a higher DCR (Figure 1).

In contrast,  the following factors were significantly associated with ORR: ECOG PS 1 (OR = 8.458,  95% CI:  2.669 – 26.807),

AFP (ng/ml) >20 (OR = 3.052, 95% CI: 1.026 – 9.082), PLR0w >186.15 (OR = 3.364, 95% CI: 1.438 – 7.868), CAR0w ≤0.15 (OR

= 0.333, 95% CI: 0.144 – 0.772), CAR12w UP (OR = 4.941, 95% CI: 2.066 – 11.820), CA199 0w(ng/ml) >37 (OR = 3.863, 95%

CI: 1.638 – 9.113), and CA19-912w (IU/ml) >37 (OR = 15.774, 95% CI: 5.421 – 45.898). The findings suggest that an ECOG PS

0, AFP ≤20 (ng/ml), a decrease in NLR, CAR, and CA19-9 at 12 weeks, as well as lower levels of PLR at baseline and CAR at

baseline were associated with a higher ORR (Figure 2).

Figure 1: Univariable Logistic regression models for DCR
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Figure 2: Univariable Logistic regression models for ORR

Subsequently, we conducted a multivariate logistic regression analysis. The results indicated that a decrease in NLR12w(OR =

0.066, 95% CI: 0.007 – 0.639) and CA19912w(IU/ml) >37 (OR = 9.458, 95% CI: 1.167 – 76.674) were independent prognostic

factors for DCR. Additionally, CAR0w ≤0.15(OR = 0.248, 95% CI: 0.072 – 0.861), an increase in CAR12w (OR = 5.620, 95% CI:

1.522 – 20.752), and CA19912w(IU/ml) >37 (OR = 10.538, 95% CI: 2.767 – 40.132) were identified as independent prognostic

factors for ORR (Supplementary Table 4).

Relationship between Clinical Factors/peripheral blood indicators and Survival Outcomes

Based on the Cox regression analysis (Tables 2,3 only significant variables from univariable analysis are shown), we found that

ECOG PS 1 (0 vs. 1: 7.8m vs. 6.0m, HR = 2.013, 95%CI:1.310 - 3.091),AFP(ng/ml) >20(≤20 vs. >20: 6.8m vs.5.2m, HR = 2.400,

95%CI: 1.391 - 4.141),NLR0w >2.72(≤2.72 vs. >2.72: 7.4m vs. 6.0m,HR = 1.697, 95%CI: 1.132 - 2.544), NLR12w DOWN(Down

vs.  Up:  6.5m  vs.  5.2m,HR  =  0.417  ,  95%CI:  0.267  -  0.652),CAR0w≤0.15(≤0.15  vs.  >0.15:  7.4m  vs.  5.8m,HR  =  0.530,  95%CI:

0.351 - 0.799),CAR12w UP(Down vs. Up: 6.8m vs. 5.4m,HR = 1.878, 95%CI: 1.247 - 2.829),CA1990w(IU/ml)>37(≤37 vs. >37:

7.4m vs. 5.4m, HR =2.181, 95%CI:1.427 - 3.333) ;CA19912w(IU/ml) >37(≤37 vs. >37: 7.4m vs. 5.0m, HR =6.465, 95%CI:3.779 -

11.062)  were  associated with  PFS (Table  2)  and(Supplementary  Figure  3).  And ECOG PS 1  (0  vs.  1:  16.2m vs.  11.3m,  HR =

2.903  ,  95%CI:  1.548  -  5.442),AFP(ng/ml)>20  (≤20  vs.  >20:  13.2m  vs.9.4m,  HR  =3.783,  95%CI:  1.905  -  7.511)  ;NL-

R0w>2.72(≤2.72  vs.  >2.72:  13.3m  vs.  11.2m,HR  =  1.940,  95%CI:  1.133  -  3.322),NLR12w  Down  (Down  vs.  Up:  13.4m  vs.

10.8m,HR = 0.349 ,  95%CI:0.201 -  0.606);  CAR0w≤0.15(≤0.15 vs.  >0.15:  16m vs.  11.4m,HR = 0.411,  95%CI:  0.242 -  0.701);-

CAR12w  Up(Down  vs.  Up:  13.4m  vs.  11m,HR  =  2.164  ,  95%CI:  1.261  -  3.711),CA1990w>37(IU/ml)(≤37  vs.  >37:  14.2m  vs.

11m, HR =3.071, 95%CI1.766 - 5.342) ,CA19912w>37(IU/ml) (≤37 vs. >37: 14m vs. 10.8m, HR =4.722, 95%CI:2.636 - 8.458)

were independently associated with OS (Table 2) and (Supplementary Figure 4).The results of the multivariable Cox regression

analysis indicated that AFP (ng/ml) >20 (HR = 2.299, 95% CI: 1.226 - 4.312), a decrease in NLR 12w(HR = 0.357, 95% CI: 0.185

- 0.688),  CA19-90w >37 (IU/ml) (HR = 4.539,  95% CI:  2.160 - 9.538),  and CEA 0w>5 (ng/ml) (HR = 2.205,  95% CI:  1.080 -

4.506) were identified as independent prognostic factors for Progression-Free Survival (PFS) in gastric cancer immunotherapy.

Furthermore,  AFP  (ng/ml)  >20  (HR  =  4.644,  95%  CI:  2.056  -  10.488),  a  decrease  in  NLR  12w(HR  =  0.221,  95%  CI:  0.102  -

0.477), and CA19-9 12w(IU/ml) >37 (HR = 2.563, 95% CI: 1.046 - 6.280) were found to be independent prognostic factors for

Overall Survival (OS) in gastric cancer immunotherapy (Table 3).
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Table 2: Univariable Cox regression analysis for PFS and OS

Characteristics Progression free survival Characteristics Overall survival

Hazard ratio (95% CI) P value Hazard ratio (95%
CI) P value

ECOG ECOG

0 Reference 0 1

1 2.013 (1.310 - 3.091) 0.001 1 2.903 (1.548 -
5.442) < 0.001

AFP AFP

<=20 1 <=20 1

>20 2.400 (1.391 - 4.141) 0.002 >20 3.783 (1.905 -
7.511) < 0.001

NLR0w NLR0w

≤2.72 1 ≤2.72 1

>2.72 1.697 (1.132 - 2.544) 0.010 >2.72 1.940 (1.133 -
3.322) 0.016

NLR12w NLR12w

up 1 up 1

down 0.417 (0.267 - 0.652) < 0.001 down 0.349 (0.201 -
0.606) < 0.001

PLR0w CAR0w

≤186.15 1 >0.15 1

>186.15 1.527 (1.019 - 2.287) 0.040 ≤0.15 0.411 (0.242 -
0.701) 0.001

CAR0w CAR12w

>0.15 1 down 1

≤0.15 0.530 (0.351 - 0.799) 0.002 up 2.164 (1.261 -
3.711) 0.005

CAR12w CA199 0w (IU/ml)

down 1 ≤37 1

up 1.878 (1.247 - 2.829) 0.003 >37 3.071 (1.766 -
5.342) < 0.001

CA199 0w (IU/ml) CA199 12w (IU/ml)

≤37 1 ≤37 1

>37 2.181 (1.427 - 3.333) < 0.001 >37 4.722 (2.636 -
8.458) < 0.001

CA199 12w (IU/ml) CEA12w (ng/ml)

≤37 1 ≤5 1

>37 6.465 (3.779 - 11.062) < 0.001 >5 3.072 (1.713 -
5.509) < 0.001
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CEA0w (ng/ml)

≤5 1

>5 1.801 (1.187 - 2.733) 0.006

CEA12w (ng/ml)

≤5 1

>5 2.800 (1.786 - 4.391) < 0.001

Table 3: Multivariable Cox regression analysis for PFS and OS

Characteristics Progression free survival Characteristics Overall survival

Hazard ratio (95% CI) P value Hazard ratio (95%
CI) P value

AFP AFP

<=20 1 <=20 1

>20 2.299 (1.226 - 4.312) 0.009 >20 4.644 (2.056 -
10.488) < 0.001

NLR12w NLR12w

up 1 up 1

down 0.357 (0.185 - 0.688) 0.002 down 0.221 (0.102 - 0.477) < 0.001

CA199 12w (IU/ml) CA199 12w (IU/ml)

≤37 1 ≤37 1

>37 4.539 (2.160 - 9.538) < 0.001 >37 2.563 (1.046 - 6.280) 0.040

CEA0w (ng/ml)

≤5 1

>5 2.205 (1.080 - 4.506) 0.030

Based on the baseline and dynamic changes in NLR, CAR, and CA19-9,  we grouped the patients and constructed the corre-

sponding survival curves (Figure 3). For patients with low levels of NLR, CAR, and CA19-9 before treatment, themPFS was 8.6

months, significantly longer than those with at least one elevated factor (mPFS: 6.4 months), two elevated factors (mPFS: 5.5

months), and three elevated factors (mPFS: 5 months). Similarly, at 12 weeks post-treatment, patients with decreases in NLR,

CAR, and CEA (mPFS: 7.8 months) performed significantly better than those with a single elevated factor (mPFS: 6.2 months),

two elevated factors (mPFS: 5.3 months), and three elevated factors (mPFS: 3.8 months).A similar conclusion was reached for

Overall Survival (OS): Patients with low levels of all three indicators before treatment had significantly better median OS than

the other three groups, while those with reductions in all three indicators at 12 weeks post-treatment also showed markedly im-

proved median OS compared to other groups.Additionally, we regrouped the patients based on the dynamic changes in NLR,

CAR, and CA19-9 and constructed the corresponding survival  curves  (Figure 4).  For  patients  with NLR > 2.72 before treat-

ment, those whose NLR decreased after treatment had an mPFS of 6.3 months, which was significantly higher than that of pa-

tients with increased NLR (mPFS: 3.6 months). In patients with NLR ≤ 2.72 before treatment, those with decreased NLR after

treatment had an mPFS of 7.8 months, significantly better than the other three groups.

For patients with CAR > 0.16 before treatment, those with decreased CAR after treatment had an mPFS of 6.2 months, signifi-

cantly higher than those with increased CAR (mPFS: 4 months). Among patients with CAR ≤ 0.16 before treatment, those with
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decreased CAR had an mPFS of 8.2 months, significantly better than the other three groups.In patients with CA199 > 37 IU/ml

before treatment, those with CA199 ≤ 37 IU/ml after treatment had an mPFS of 6.25 months, significantly higher than those

with CA199 > 37 IU/ml (mPFS: 4.8 months). Likewise, among patients with CA199 ≤ 37 IU/ml before treatment, those who

maintained CA199 ≤ 37 IU/ml after treatment had an mPFS of 7.6 months, significantly better than the other three groups. Sim-

ilar conclusions were drawn regarding OS.

Figure 3: Kaplan–Meier curves for PFS according to “NLR0w and CAR0w and CA199 0w” (A) or “NLR12w and CAR12w and

CA199 12w” (B) and for OS according to “NLR0w and CAR0w and CA199 0w” (C) or“NLR12w and CAR12w and CA199

12w” (D) .

Figure 4: Kaplan–Meier curves for PFS according to “NLR0w and NLR12w” (A) ; “CAR0w and CAR12w” (B) ;”CA199 0w and

CA199 12w “(C);and for OS according to “NLR0w and NLR12w” (D) ; “CAR0w and CAR12w” (E) ;“CA199 0w and CA199

12w ”(F)
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Safety

As of June 30, 2024, among the 98 patients, 70 (70/98) experienced at least one treatment-related adverse event associated with

any study medication.  The most  common drug-related adverse events  were gastrointestinal  reactions (35 cases),  followed by

myelosuppression (31 cases) and neurotoxicity (18 cases). Thirteen patients experienced immune-related adverse events, with

the  most  common  being  immune-related  hypothyroidism  (4  cases).  Among  these  13  patients  with  immune-related  adverse

events, 6 had elevated baseline NLR (6/9), while 19 patients (19/46) with other types of adverse events also had elevated base-

line NLR levels; however, the difference was not statistically significant.

The mPFS for patients with immune-related adverse events was 11.8 months, compared to an mPFS of 7.1 months for those

with other adverse events, though this difference was also not statistically significant ( Supplementary Figure 5). There were no

reported immune-related adverse events of grade 3 or higher. The adverse reactions are listed in Table 5.

Table 5: Summary of Adverse Reactions

Category of irAE All grades No. (%)

Gastrointestinal adverse reactions(case, %) 35（48.6）

Myelosuppression (case, %) 31（543.1）

Neurovirulence(case, %) 15（20.8）

Hypothyroidism (case, %） 6（8.3）

Dermatotoxicity (case, %) 2（2.8）

immunological liver injury (case, %) 2（3.8）

Adrenocortical hypofunctions(case, %) 2（12.8）

Immune enteritis(case, %) 1（1.4）

Discussion

In the processes of tumor occurrence, progression, and metastasis, patient survival and disease progression are influenced not

only by the characteristics of the tumor itself but also by host factors. Obtaining in vivo tumor data through non-invasive and

straightforward methods to understand the intrinsic features of tumors has been a focus of research. Our retrospective study ex-

plored the prognostic value of dynamic changes in hematological inflammatory markers and tumor markers in patients with ad-

vanced gastric cancer undergoing first-line immunotherapy combined with chemotherapy.In our study, we found that lower

pre-treatment levels of NLR, CAR, and CA199, as well as the dynamic changes in NLR, CAR, and CA19-9 post-treatment, were

strongly correlated with treatment efficacy and prognosis. In summary, lower pre-treatment levels of NLR, CAR, and CA199,

along with reductions in NLR, CAR, and CA199 after treatment, were significantly associated with prolonged PFS and OS. A

decrease in NLR at 12 weeks post-treatment can serve as an independent prognostic factor for PFS and OS. Furthermore, de-

creases in NLR, CAR, and CA19-9 at 12 weeks post-treatment were associated with better DCR and ORR, where a reduction in

NLR at this time point can also be considered an independent prognostic factor for DCR.

Inflammatory cells and mediators are critical components of the tumor microenvironment, playing significant roles in tumor

occurrence, progression, and metastasis. Therefore, inflammatory markers have the potential to serve as predictive and prog-

nostic factors in immunotherapy for advanced gastric cancer. During anti-PD-1/PD-L1 antibody therapy, lymphocyte activa-

tion is crucial for re-engaging antitumor immune responses[17]. This activation enhances the immune system's ability to recog-

nize and attack tumor cells, potentially improving patient outcomes.Neutrophils are the predominant white blood cell compo-
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nent circulating in peripheral blood and play essential roles in the immune system. These cells not only defend against patho-

gens but also regulate tissue and tumor microenvironments (TME) through the release of inflammatory mediators, potentially

promoting tumor development, angiogenesis, and metastasis[18,19]. Meanwhile, lymphocytes, including T and B cells, are vital

parts of the immune system. A reduction in lymphocytes may lead to immune dysregulation, while an increase in CD4+ T lym-

phocyte  concentration at  the  tumor margin  is  associated  with  a  reduced risk  of  recurrence.  Conversely,  in  patients  with  ad-

vanced tumors, decreases in lymphocyte subpopulations (such as CD4+, CD8+, CD3+, and CD56+ T cells) may weaken lym-

phocyte-driven antitumor immune responses, leading to poorer prognosis[20].Platelets, as crucial factors in thrombosis, play

complex  roles  within  the  tumor  microenvironment.  They  can  shield  immune  cells  from exerting  cytotoxic  effects  on  tumor

cells and induce epithelial-mesenchymal transition, promoting tumor invasion and migration[21,22]. Current studies indicate

that  neutrophils  significantly  contribute  to  inflammatory  responses,  lymphocytes  participate  in  immune  defense  against  tu-

mors,  and platelets  promote  malignancy during tumor progression and cancer  development[23,24].Thus,  inflammatory  bio-

markers such as the PLR and NLR have been established as prognostic factors across various malignancies. Research shows that

NLR and PLR correlate with lymph node metastasis and unfavorable prognosis in gastric cancer patients (NLR ≥ 2.0, PLR ≥

160)[25]. In gastric cancer, the prognostic value of NLR is superior to that of PLR. An NLR of ≥ 4 preoperatively has been iden-

tified as an independent indicator of poor prognosis in surgical patients with gastric cancer[26]. Studies have reported that ele-

vated NLR in early gastric cancer patients correlates with increased cytokine production by activated neutrophils, along with en-

hanced expression of CD10 and CD35, adversely affecting gastric cancer progression[27].Shaul and Fridlender noted that neu-

trophils act as critical bridges between circulating tumor cells and metastatic sites[28]. Research by Diema et al. indicated that

among 52 non-small cell lung cancer (NSCLC) patients receiving nivolumab treatment, high preoperative NLR and PLR were

significantly associated with shorter overall survival (OS) and progression-free survival (PFS)[29]. In summary, NLR represents

the relative ratio of inflammation-promoting components (i.e., neutrophils) to anticancer cells (i.e., lymphocytes). High NLR re-

flects a systemic immunosuppressive state and is linked to a greater likelihood of tumor progression and metastatic develop-

ment.  In our study,  patients  in  the high NLR subgroup also exhibited worse  prognoses.  Patients  with low NLR levels  before

treatment and reduced NLR at 12 weeks after treatment demonstrated longer PFS and OS compared to those with high NLR,

suggesting that these factors can serve as independent prognostic indicators for PFS and OS in gastric cancer patients undergo-

ing immunotherapy.

It is widely acknowledged that inflammatory responses and malnutrition are closely associated with diminished quality of life

in  cancer  patients  and  adversely  impact  treatment  outcomes.  CRP,  an  acute-phase  reactant  synthesized  by  the  liver  and  in-

duced by pro-inflammatory cytokines, is regarded as a predictive marker for infection. During the metastatic progression of tu-

mors, CRP levels may elevate significantly. Albumin (Alb), a protein circulating in plasma, also plays a role in inflammatory re-

sponses[30]. Research has indicated that hypoalbuminemia and elevated CRP levels correlate with poor prognosis in cancer pa-

tients[31] . The CAR serves as a reflection of the underlying inflammatory state of the body and has been developed as a quanti-

fiable continuous variable. Initially utilized to assess the prognosis of septic patients, CAR has since found widespread applica-

tion in evaluating the inflammatory and nutritional status of cancer patients throughout the course of treatment. Currently, the

CAR has been established as a novel prognostic indicator.Yu et al. discovered that among patients undergoing radical gastrecto-

my following neoadjuvant chemotherapy, preoperative hypoalbuminemia was identified as a risk factor for postoperative com-

plications (p = 0.033). Moreover, research conducted by Migita et al. indicated that a decrease in serum albumin levels post--

neoadjuvant therapy is associated with survival outcomes[32,33]. Building upon previous studies, our observations suggest that

CAR can be employed to monitor the efficacy of immunotherapy in gastric cancer. Arima et al. conducted a retrospective analy-

sis involving 142 patients who underwent surgical resection for pancreatic cancer and found that the CRP/Albumin ratio on

postoperative day 14 correlated with overall  survival  (OS);  a  higher CRP/Albumin ratio was associated with the incidence of

postoperative complications[34]. Consistent with these findings, we observed that elevated CAR is linked to poor prognosis in

gastric cancer.  Patients exhibiting a reduction in CAR at twelve weeks post-treatment demonstrated superior disease control

rates (DCR) and objective response rates (ORR). Furthermore, patients with low CAR levels prior to treatment and those show-
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ing a decrease at twelve weeks post-treatment exhibited longer progression-free survival (PFS) and overall survival (OS) com-

pared to those with higher CAR levels. Collectively, our findings indicate that CAR represents a novel independent risk factor

for prognostication in gastric cancer.

In clinical practice, carcinoembryonic antigen (CEA) is commonly utilized as a biomarker to predict treatment outcomes in gas-

trointestinal  tumors.  Elevated  serum  levels  of  CEA  are  frequently  associated  with  reduced  cancer  survival  rates[35].  CA199

serves as a tumor marker for malignant gastrointestinal neoplasms and can be detected in various normal epithelial tissues, in-

cluding those of the gastrointestinal tract, hepatobiliary system, pancreas, and salivary glands. The elevation of CA199 has been

widely employed in the screening of gastric cancer, pancreatic cancer, colorectal cancer, and other malignancies of the digestive

tract. During the progression of gastric cancer, tumor cells often exist in a hypoxic environment, leading to increased levels of

CA199. Therefore, elevated CA199 levels in patients with gastric adenocarcinoma may suggest a more aggressive tumor pheno-

type. Studies have demonstrated that the preoperative positivity rate of CA199 in gastric cancer correlates positively with the ad-

vancing TNM stage, indicating that serum CA199 can serve as a prognostic biomarker for gastric cancer patients[36,37].Our

findings suggest that a CA199 level of ≤37 IU/ml at 12 weeks post-treatment may function as an independent prognostic factor

for  the  efficacy  and  response  rate  of  immunotherapy  in  gastric  cancer.  Furthermore,  the  combined  detection  of  CEA  and

CA199 enhances predictive accuracy regarding post-immunotherapy prognosis in gastric cancer patients. Patients with normal

levels of both CEA and CA199 exhibit longer PFS and OS compared to those with elevated levels of these biomarkers.AFP eleva-

tion in gastric cancer (AFPGC) represents a distinct type of gastric cancer. AFP, a plasma glycoprotein predominantly synthe-

sized by the yolk sac and fetal liver during development [38], is notably elevated in gastric cancer, particularly in cases of extra-

hepatic malignancy[39]. AFPGC is considered a rare tumor, with an incidence ranging from 1.3% to 6.6% in Asian countries,

including China[40,41], and approximately 15% in Western countries[42]. Despite the availability of several biological or target-

ed therapies for gastric cancer in recent years, prognosis for advanced disease remains poor, with five-year survival rates falling

below 20%. Reports indicate that the median survival for advanced AFPGC is approximately 9.3 months[43]. In our study, we

observed an incidence of AFPGC in gastric cancer of about 19.8%, coupled with significantly reduced PFS and OS; the median

PFS was found to be 5.2 months, and the median OS was 9.4 months. Additionally, AFP was identified as an independent prog-

nostic factor for OS and PFS in the context of immunotherapy for gastric cancer.

The combined assessment of inflammatory indicators and tumor markers enables more accurate predictions regarding the out-

comes of gastric cancer and its immunotherapy. CA199, CEA, and AFP reflect the hypoxic microenvironment prevalent during

the progression of gastric cancer, providing a non-invasive and straightforward method for understanding tumor characteris-

tics. Relying solely on individual inflammatory markers for the prognostication of cancer patients simplifies a complex system;

thus, integrating these two categories of biomarkers could yield improved prognostic indicators. While the Neutrophil-to-Lym-

phocyte Ratio (NLR), Platelet-to-Lymphocyte Ratio (PLR), and CRP/Albumin Ratio (CAR) relate to host immunity, they pri-

marily reflect the host defense mechanisms against tumor development and do not adequately capture the intrinsic characteris-

tics of the tumor itself.  In contrast,  CEA, CA199, and AFP directly convey the malignant potential of cancer, addressing this

gap in prognostic evaluation.

Immune checkpoint inhibitors (ICIs) represent a groundbreaking advancement in cancer treatment, providing new hope for

patients. However, this innovative therapy also presents unique challenges—immune-related adverse events (irAEs). These ad-

verse events arise from the overactivation of the immune system and can affect multiple tissues and organs. Nakaya et al.[44]re-

ported that patients with non-small cell lung cancer (NSCLC) undergoing nivolumab treatment who experienced irAEs had sig-

nificantly better progression-free survival (PFS) compared to those who did not experience irAEs. The analyses from our study

corroborate these findings,  indicating that  patients  suffering from irAEs exhibited improved PFS outcomes;  however,  due to

the small sample size, this difference did not reach statistical significance. Additionally, research by Matsukane et al.[45] found

that an elevated neutrophil-to-lymphocyte ratio (NLR) was closely associated with the occurrence and severity of irAEs. These
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findings provide new insights into predicting and managing irAEs and may serve as potential biomarkers to enhance the safety

and efficacy of ICI therapies. Given the limited sample size of our study, future research should further explore the relationship

between inflammatory markers and irAEs.

Limitations

This study has several limitations. Firstly, as a single-center study with a small sample size, it may be subject to selection bias,

potentially  impacting  the  reliability  of  the  conclusions  drawn.  Therefore,  larger  multi-center  prospective  cohort  studies  are

needed in future research. Secondly, individual indicators such as leukocytes, platelets, erythrocytes, and neutrophils were not

included in the analysis.  Moreover,  because lactate dehydrogenase (LDH) and other tumor markers were not routinely mea-

sured at our institution, these indicators were also excluded from the analysis. Chemotherapy may induce changes in peripher-

al blood parameters, which could affect the interpretation of the study results. Ideally, a positive control group receiving only

chemotherapy should be established;  however,  due to the rarity of  isolated chemotherapy use in current clinical  practice,  we

were unable to recruit a sufficient number of patients. Consequently, we utilized ratio indicators such as NLR, PLR, and CAR

to mitigate the potential impact of chemotherapy-induced bone marrow suppression and subsequent white blood cell elevation

on the study results.

Conclusions

In summary, for advanced gastric cancer patients receiving first-line treatment with PD-1 inhibitors combined with chemother-

apy,  lower  pretreatment  levels  of  NLR,  CAR,  and  CA199,  along  with  reductions  in  NLR,  CAR,  and  CA199  post-treatment,

serve as predictive factors for response to combined immunotherapy and are associated with better prognoses.
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