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Abstract. Immunotherapy offers survival benefits for patients 
with advanced gastric cancer, but not all populations can 
benefit from immunotherapy. Good nutritional status is 
fundamental to a patient's immune function and may have 
an impact on the efficacy of immunotherapy. The present 
study aimed to investigate changes in prognostic nutritional 
index (PNI), advanced lung cancer inflammation index (ALI) 
and albumin‑globulin ratio (AGR) values before and after 
immunotherapy in patients with advanced gastric cancer. The 
study also aimed to determine the potential association of the 
aforementioned values with patient outcomes and prognosis. 
Body mass index (BMI), serum albumin, total protein, periph‑
eral blood lymphocyte, neutrophil, carcinoembryonic antigen 
(CEA), carbohydrate antigen19‑9 (CA19‑9) and a‑fetoprotein 
(AFP) data were collected from 195 patients with advanced 
gastric cancer who underwent immunotherapy from January 
2020 to October 2021. In addition, PNI, ALI and AGR values 
were calculated based on variables in blood collected from the 
patients within 3 days prior to immunotherapy and 3 weeks 
after immunotherapy. The results demonstrated that low PNI 
was associated with elevated CEA levels. Moreover, low ALI 
levels were associated with reduced BMI levels, elevated AFP 
levels, PD‑L1 negative and first‑line treatment. Comparison of 
responding and non‑responding groups revealed that patients 
who responded to immunotherapy had higher PNI and AGR 
values than patients who did not respond, both before and 
after treatment, but had lower CEA and CA19‑9 levels after 

treatment. Furthermore, in the non‑responding group, PNI and 
AGR values were decreased and CEA values were increased 
following treatment compared with those prior to treatment. 
The objective response and disease control rates were higher 
in the high PNI and AGR groups compared with the low PNI 
and AGR groups, respectively. Moreover, PNI and AGR were 
found to be independent predictors of the short‑term efficacy 
of immunotherapy for advanced gastric cancer, with cut‑off 
values of 47.18 and 1.29, respectively. Univariate analysis 
revealed that ALI was associated with the progression‑free 
survival (PFS) of patients, while multivariate analysis demon‑
strated that baseline PNI and AGR were independent predictors 
of PFS. In conclusion, tumor progression leads to a decline in 
the nutritional level of patients, and the present study indicated 
that effective immunotherapy may alleviate this deteriora‑
tion to a certain extent. Furthermore, PNI and AGR exhibit 
potential in predicting the efficacy of immunotherapy and the 
prognosis of patients with advanced gastric cancer, and may 
exhibit potential as biomarkers in clinical practice.

Introduction

In 2020, it was predicted that there were 1.089 million new 
cases of gastric cancer and 769,000 gastric cancer‑associated 
deaths worldwide. In addition, gastric cancer exhibited the 
fifth highest incidence rate and fourth highest mortality rate 
among malignant tumors (1).

At diagnosis, the majority of patients have an advanced 
stage of gastric cancer and, therefore, radical surgery is not 
an option. At present, patients with advanced gastric cancer 
are mainly treated with a combination of chemotherapy‑based 
regimens. Although the overall survival time of patients with 
advanced gastric cancer has increased following advances 
in chemotherapeutic regimens and drugs, the median overall 
duration of patient survival after chemotherapy remains at 
<1 year (2). The results of a phase III clinical trial demon‑
strated that the use of trastuzumab, a targeted therapy for the 
treatment of gastric cancer, in combination with chemotherapy 
increased the survival rates of patients with human epidermal 
growth factor receptor 2 (HER2)‑positive advanced gastric or 
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gastro‑esophageal cancer when compared with chemotherapy 
alone (3). However, the majority of clinical trials conducted 
with other targeted agents in patients with advanced gastric 
cancer did not meet the primary study endpoint (4). JACOB (5), 
LOGIC (6), REAL3 (7), GATSBY (8) and a number of other 
phase III clinical trials all showed that targeted agents did 
not prolonged advanced overall survival time in patients with 
gastric cancer.

Programmed cell death 1 (PD‑1) is a negative co- 
stimulatory transmembrane protein expressed on a variety 
of immune cells that binds to PD ligand‑1 (PD‑L1), which is 
expressed on tumor cells and inhibits antitumor immunity (9). 
Anti‑PD‑1/PD‑L1 therapy blocks the PD‑1/PD‑L1 pathway 
and promotes the innate immune response to tumor cells (10). 
Notably, anti‑PD‑1/PD‑L1 therapy exhibits potential in gastric 
cancer (11). However, the results of previous clinical trials 
have demonstrated that only specific patients may benefit from 
immunotherapy. Therefore, if patients with gastric cancer are 
indiscriminately treated with PD‑1 immunotherapy, certain 
patients may experience hyper‑progression and adverse side 
effects, including immune‑related myocarditis and encepha‑
litis, and incur unnecessary high costs  (12,13). Therefore, 
the selection of patients that are likely to respond to PD‑1 
immunotherapy is crucial. Moreover, it is necessary to further 
investigate the specific biomarkers of gastric cancer in order 
to maximize patient benefits, minimize the risk of toxicity and 
achieve precision immunotherapy.

The findings of previous studies have demonstrated that 
the prognostic nutritional index (PNI), advanced lung cancer 
inflammation index (ALI) and albumin‑globulin ratio (AGR) 
values are nutritional indicators associated with albumin, 
globulin, neutrophils, lymphocytes and body mass index 
(BMI), which reflect the systemic nutritional levels of the 
patient and are associated with the prognosis of patients with 
gastric cancer (14‑16). Therefore, the present study aimed to 
investigate the potential associations of PNI, AGR and ALI 
with the efficacy of immunotherapy and the prognosis of 
patients with advanced gastric cancer. In the present study, 
χ2 tests were used to analyze the factors associated with PNI, 
ALI and AGR, and to evaluate the association of PNI, ALI 
and AGR with the objective response rate (ORR) and disease 
control rate (DCR) of the patients. In addition, differences in 
clinical indicators between patients in different efficacy groups 
before and after treatment were analyzed using mixed ANOVA 
followed by pairwise comparisons using Bonferroni post hoc 
tests. Logistic regression analysis was also used to create 
receiver operating characteristic (ROC) curves to analyze the 
association of nutritional indicators with the effect of treat‑
ment. Survival curves were plotted using the Kaplan‑Meier 
method, and differences between survival curves were exam‑
ined using a log‑rank test. Furthermore, the Cox proportional 
risk model was used to analyze the associations of PNI, ALI 
and AGR with progression‑free survival (PFS).

Materials and methods

Study population and response assessment. A total of 
273 patients with advanced gastric cancer treated with PD‑1 
inhibitors, who were admitted to the Department of Oncology 
of The First Hospital of Shanxi Medical University (Taiyuan, 

China) from January 2020 to October 2021, were screened 
for inclusion in the present study. The inclusion criteria 
were as follows: i) Patients diagnosed with clinical stage IV, 
HER2‑negative gastric adenocarcinoma via imaging and histo‑
pathological examination; ii) patients who received at least 
three rounds of PD‑1 inhibitor monotherapy, PD‑1 inhibitor 
combined with chemotherapy or PD‑1 inhibitor combined with 
anti‑angiogenic agents at the First Hospital of Shanxi Medical 
University; and iii) patients with complete carcinoembryonic 
antigen (CEA), carbohydrate antigen19‑9 (CA19‑9) and 
a‑fetoprotein (AFP) levels, PD‑L1 expression level, mismatch 
repair (MMR) status, peripheral blood lymphocyte, albumin, 
neutrophil and total protein results, and relevant follow‑up 
test results. Patients were excluded from the present study 
according to the following criteria: i) Other types of malig‑
nancies; ii) HER2‑positive gastric adenocarcinoma; iii) acute 
infections, immunodeficiency and autoimmune diseases; 
iv) severe underlying diseases, affecting organs such as the 
heart, lung, liver and kidney; and v) systemic hormone treat‑
ment. Among the 273 patients that were screened, 195 patients 
met the aforementioned criteria and were included in the 
present study. The excluded patients comprised 27 patients 
with a lack of lymphocyte subpopulation data, 23 patients with 
missing PD‑L1 scores and MMR test results, 6 patients who 
had concomitant severe underlying diseases and 22 patients 
with a lack of follow‑up data. Patients included 60 female 
and 135 males; the mean age of the included population 
was 61.44 years old, ranging from 29‑84 years old. Of these, 
166 patients study underwent treatment with PD‑1 inhibitors 
combined with chemotherapy, 24 patients were treated with 
PD‑1 inhibitors alone, and 5 were treated with PD‑1 inhibitors 
with anti‑angiogenic.

Data collection. Clinicopathological characteristics of the 
patients were collected, including diagnosis, biological sex, 
age, BMI, history of smoking, drinking history, the presence 
of liver or peritoneal metastases prior to immunotherapy, treat‑
ment regimens and the number of treatment lines. Laboratory 
indices of the patients were also collected, including CEA, 
CA19‑9 and AFP levels, PD‑L1 expression levels, MMR 
status, peripheral blood lymphocyte counts, albumin levels, 
neutrophil counts and total protein levels. Blood samples 
were collected from the patients within the 3 days prior to 
immunotherapy and after 3 cycles of immunotherapy. The 
PD‑1 inhibitors used included pembrolizumab, nivolumab, 
tislelizumab, toripalimab, camrelizumab and sintilimab. The 
chemotherapy regimens used included S‑1 plus oxaliplatin, 
oxaliplatin plus capecitabine, docetaxel plus S‑1, folinic acid, 
fluorouracil and oxaliplatin, albumin‑bound paclitaxel mono‑
therapy and docetaxel monotherapy. The anti‑angiogenic 
agent used was apatinib. History of drinking was defined as 
drinking alcohol ≥2 per week.

The efficacy of immunotherapy and the occurrence of 
liver or peritoneal metastases prior to treatment were assessed 
based on computed tomography, magnetic resonance imaging 
or positron emission tomography/computed tomography 
findings. Short‑term efficacy was classified according to 
the Response Evaluation in Solid Tumors (RECIST 1.1) 
assessment criteria (17) as follows: Complete response (CR), 
partial response (PR), stable disease (SD) and progressive 
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disease (PD). Patients with a CR or PR were classified as the 
responding group, and patients with SD or PD were classified 
as the non‑responding group. Prognosis was assessed using 
PFS time, which was defined as the time from the initiation 
of treatment to progression or mortality from any cause. The 
DCR was defined as the ratio of the sum of CR, PR and SD 
cases to the total number of cases. The ORR was defined as 
the ratio of the sum of CR plus PR cases to the total number of 
cases. The aforementioned medical information and imaging 
data were collected using the electronic medical record system 
of The First Hospital of Shanxi Medical University. The 
reference ranges of the tumor markers were as follows: CEA, 
0‑3 µg/l; CA19‑9, 0‑37 U/ml; and AFP, 0‑15 µg/l.

Calculation of nutrition‑related indicators. ALI, AGR and 
PNI values are all based on results from peripheral blood. PNI 
values were calculated using the following formula: PNI=serum 
albumin (g/l) + 5x total peripheral blood lymphocytes (x109/l). 
The neutrophil‑to‑lymphocyte ratio (NLR) was calculated and 
used in the calculation of ALI values according to the following 
formula: ALI=BMI x albumin (g/l)/NLR. Total serum protein 
levels were also obtained. AGR values were calculated using 
the following formula: AGR=albumin/(total protein‑albumin). 
The reference ranges for each index are as follows: Absolute 
neutrophil value, 1.9‑6.3x109/l; absolute lymphocyte value, 
1.1‑3.2x109/l; albumin, 40‑55 g/l; and total protein, 65‑85 g/l.

PD‑L1 immunohistochemical assessment. Immunohisto-
chemical staining of the tumor tissue was performed on the 
Ventata BenchMark Ultra system (Roche Tissue Diagnostics) 
using monoclonal mouse anti‑human PD‑L1 (clone number, 
22C3; 1:50; Dako; Agilent Technologies, Inc.) following the 
manufacturer's instructions. The tissue specimens were fixed in 
10% neutral formalin at room temperature for 6‑24 h. The fixed 
tissue was placed in a tissue dehydrator overnight for dehydra‑
tion and clearing, then the tissue was paraffin‑embedded and 
sectioned at 3 µm. Embedding protocol included transferring the 
tissue core into the hole of the receptor wax block and placing it 
into a constant temperature wax box at 60˚C for 10‑15 min and 
then into a refrigerator at 4˚C to cool down. Sections were incu‑
bated with primary antibody against PD‑L1 (clone number, 22C3; 
1:50; Dako, Agilent Technologies, Inc.) at 4˚C overnight followed 
by horseradish peroxidase‑labeled goat anti‑mouse secondary 
antibody (Roche Diagnostic Products, Shanghai) at 37˚C for 
30 min and staining with 3,3'‑diaminobenzidine (DAB; Roche 
Diagnostics) at room temperature for 2 min. Observation was 
under a light microscope. Matching kit was applied (OptiView, 
Roche Diagnostics). PD‑L1‑positive immunoreactive staining was 
localized to the cell membrane and assessed using the combined 
positive score (CPS), which is calculated as follows: CPS=total 
number of immunoreactive‑stained tumor cells, lymphocytes and 
macrophages in the 20X objective field/total number of tumor 
cells in the field at x100 magnification using a light microscope. 
PD‑L1 CPS ≥5 was considered as PD‑L1 positive, while PD‑L1 
CPS <5 was considered as PD‑L1 negative.

MMR immunohistochemical assessment. MMR staining 
of the tumor tissue was performed on the Leica BOND III 
platform (Leica Biosystems) following the manufacturer's 
instructions. The tissue specimens were fixed in 10% neutral 

formalin at room temperature for 6‑24 h. The fixed tissue 
was placed in a tissue dehydrator overnight for dehydration 
and clearing, then the tissue was paraffin‑embedded and 
sectioned at 3 µm. Embedding protocol included transferring 
the tissue core into the hole of the receptor wax block and 
placing it into a constant temperature wax box at 60˚C for 
10‑15 min and then into a refrigerator at 4˚C to cool down. 
The tissue specimens were fixed in 10% neutral formalin at 
room temperature for 6‑24 h. The fixed tissue was placed in 
a tissue dehydrator overnight for dehydration and clearing, 
then the tissue was paraffin‑embedded and sectioned at 3 µm. 
Embedding protocol included transferring the tissue core 
into the hole of the receptor wax block and placing it into 
a constant temperature wax box at 60˚C for 10‑15 min and 
then into a refrigerator at 4˚C to cool down. Sections were 
incubated with primary antibody against MutS homolog 2 
(MSH2; clone no. RED2; 1:5,000; OriGene Technologies, 
Inc.) and MutS homolog 6 (MSH6; clone no. EP49; 1:100; 
OriGene Technologies, Inc.), MutL homolog 1 (MLH1; clone 
no. GM002; 1:500; Gene Tech Biotechnology Co., Ltd.) and 
postmeiotic segregation increased 2 (PMS2; clone no. EP51; 
1:70; Gene Tech Biotechnology Co., Ltd.) at 4˚C overnight 
followed by horseradish peroxidase‑labeled goat anti‑mouse 
secondary antibody (Roche Diagnostics) at 37˚C for 30 min 
and staining with 3,3'‑diaminobenzidine (DAB; Roche 
Diagnostics) at room temperature for 2 min. Staining was 
performed using an automatic immunohistochemical station 
(BenchMark ULTRA; Roche Diagnostics). Observation was 
under a light microscope. The platform kit used for staining 
was BOND Polymer Refine Detection (Leica Biosystems 
Newcastle Ltd.). The absence of at least one of the MMR 
proteins, including MLH1, MSH2, MSH6 and PMS2, was 
defined as MMR deficient (dMMR). All positive MMR 
protein staining results were defined as MMR proficient 
(pMMR).

Statistical analysis. SPSS software (version 23.0; IBM Corp.) 
was used to perform the statistical analysis. Quantitative 
data are expressed as the mean ± standard deviation, and 
qualitative data are expressed as the number and percentage 
of cases, n (%). Median peripheral PNI, AGR and ALI values 
were used as the critical values for the division of patients 
into high and low index groups. Differences in the number 
of patients with various clinicopathological characteristics 
between groups were analyzed using χ2 tests. Differences 
in quantitative clinical indicators of patients in different 
efficacy groups before and after treatment were evaluated 
using a mixed ANOVA followed by pairwise comparisons 
using Bonferroni post hoc tests. Independent predictors of 
immunotherapy efficacy were determined using logistic 
regression analysis. The potential value of PNI and AGR 
in the prediction of short‑term immunotherapy efficacy in 
patients with advanced gastric cancer was determined by 
plotting a ROC curve and calculating the area under the 
curve (AUC). Kaplan‑Meier curves were also plotted and 
the differences in PFS between groups were compared using 
log‑rank tests. Other variables were determined as inde‑
pendent prognostic factors for PFS using Cox proportional 
risk model analysis. P<0.05 was considered to indicate a 
statistically significant result.
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Results

Clinicopathological characteristics and factors affecting 
the PNI, ALI and AGR values of patients. The PNI, ALI and 
AGR values of patients with advanced gastric cancer prior to 
immunotherapy were determined, and patients were divided 
into high and low groups, according to the median value. The 
median PNI, ALI and AGR values were 45.50, 272.57 and 
1.40, respectively. The effects of different clinicopathological 
characteristics on the nutritional indices of the patients were 
analyzed. The results demonstrated that low PNI values were 
associated with elevated CEA levels. Moreover, low ALI levels 
were associated with reduced BMI values, elevated AFP levels, 
PD‑L1 negative and first‑line treatment while high ALI levels 
were associated with normal or higher BMI values, normal 
AFP levels, PD‑L1 positive and second line and beyond treat‑
ment. The results also demonstrated that the AGR levels were 
not significantly associated with any of the clinical character‑
istics that were analyzed. The associations between nutritional 
index levels and clinicopathological characteristics in different 
groups are displayed in Table I.

Changes in nutritional indicators and tumor markers 
in patients before and after treatment. The 195  patients 
with advanced gastric cancer in the present study had all 
undergone immunotherapy, and based on the assessment of 
immunotherapy efficacy after three cycles, the patients were 
divided into a responding group (n=68; CR, 3; PR, 65) and a 
non‑responding group (n=127; SD, 74; PD, 53). The proportion 
of patients in the responding group was 34.9%. Comparison 
of the two groups revealed that patients in the responding 
group had higher PNI and AGR values than those in the 
non‑responding group, both before and after treatment, but 
had lower CEA and CA19‑9 levels than the non‑responding 
group after treatment. The other indicators examined, namely 
ALI and AFP, exhibited no differences between the two 
groups both before and after treatment. In a comparison of 
pre‑ and post‑treatment results, no significant changes were 
observed in PNI, ALI, AGR, CEA, CA19‑9 and AFP in 
the responding group after treatment compared with the 
pre‑treatment period. In the non‑responding group, PNI and 
AGR values were decreased, CEA values were increased, and 
ALI, CA19‑9 and AFP values were not significantly changed 
following treatment, compared with the respective values in 
the pre‑treatment period. Comparisons between PNI, ALI, 
AGR, CEA, CA19‑9 and AFP values before and after immu‑
notherapy in the responding and non‑responding groups are 
displayed in Table II.

Analysis of treatment efficacy in different groups. Analysis of 
treatment efficacy in patients in the low and high PNI, ALI 
and AGR groups according to RECIST 1.1 criteria is displayed 
in Table III. The ORR and DCR of patients in the low PNI 
group were 24.0 and 64.6%, respectively, compared with 45.5 
and 80.8%, respectively, in the high PNI group. The results 
revealed that the ORR and DCR of patients in the low PNI 
group were significantly lower than those in the high PNI 
group. The ORR and DCR of patients in the low ALI group 
were 31.6 and 69.4%, respectively, while those in the high ALI 
group were 38.1 and 76.3%, respectively. Notably, these rates 

were not found to be statistically significant between the two 
groups. The ORR and DCR of patients in the low AGR group 
were 23.0 and 60.0%, respectively, compared with 47.4 and 
86.3%, respectively, in the high AGR group. The ORR and 
DCR of patients in the low AGR group were significantly 
lower than those in the high AGR group.

Association between baseline nutritional indicators and 
short‑term patient outcomes. The aforementioned analysis 
of PNI, ALI and AGR values prior to treatment between the 
68 patients in the responding group and the 127 patients in the 
non‑responding group highlighted that the PNI and AGR values 
were higher in the responding group than in the non‑responding 
group, while no significant difference in ALI values was 
detected between the responding and non‑responding groups. 
Differences in PD‑L1 expression, MMR status, sex, age, BMI, 
smoking history, alcohol consumption and liver or perito‑
neal metastasis were compared between the responding and 
non‑responding groups using χ2 tests (Table IV). The results 
reveal that the proportion of dMMR‑ and PD‑L1‑positive 
patients in the responding group was higher than that in the 
non‑responding group, and the remaining indices did not 
differ between the two groups. The inclusion of PNI, AGR, 
PD‑L1 and MMR status as variables in a logistic regression 
model demonstrated that PNI [OR, 0.890; 95% confidence 
interval (CI), 0.830‑0.955; P=0.001], AGR (OR, 0.109; 95% 
CI, 0.027‑0.444; P=0.002), PD‑L1 levels (OR, 0.150; 95% 
CI, 0.071‑0.317; P<0.001) and MMR status (OR, 0.212; 95% 
CI, 0.064‑0.708; P=0.012) were independent predictors of 
the short‑term efficacy of immunotherapy in patients with 
advanced gastric cancer. In addition, when ROC curves for PNI 
and AGR values in patients prior to treatment were plotted, the 
AUCs were 0.699 (P<0.001) and 0.696 (P<0.001), respectively 
(Fig. 1), which highlights that these factors are independent 
predictors of treatment efficacy. Notably, the cut‑off value was 
47.18 for PNI (sensitivity, 0.603; specificity, 0.764) and 1.29 for 
AGR (sensitivity, 0.853; specificity, 0.496).

Association between pre‑treatment nutrition‑associated 
indicators and the PFS of patients. The median PFS time of 
the patients with advanced gastric cancer was 4.0 months in 
the present study. Results of the univariate analysis demon‑
strated no significant association of age, sex, BMI, smoking 
history, alcohol consumption, liver metastasis or peritoneal 
metastasis with PFS. Notably, PD‑L1 level, MMR status, and 
PNI, ALI and AGR values exhibited an association with PFS. 
Moreover, patients in the PD‑L1‑positive, dMMR, high PNI, 
high ALI and high AGR groups exhibited significantly longer 
PFS times than patients in the PD‑L1‑negative, pMMR, low 
PNI, low ALI and low AGR groups, respectively. The median 
PFS durations in the patients in the pMMR, low PNI, low 
ALI and low AGR groups were 3.9, 3.6, 3.8 and 3.8 months, 
respectively, while the median PFS durations in patients in the 
dMMR, high PNI, high ALI and high AGR groups were 9.2, 
4.4, 4.0 and 4.2 months, respectively. The results of the Cox 
proportional risk model analysis revealed that PNI [hazard 
ratio (HR), 0.949; 95% CI, 0.924‑0.975; P<0.001], AGR (HR, 
0.516; 95% CI, 0.318‑0.836; P=0.007), MMR status (HR, 
0.337; 95% CI, 0.191‑0.597; P<0.001) and PD‑L1 levels (HR, 
0:685; 95% CI, 0.509‑0.921; P=0.012) were independent 
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prognostic factors for PFS. Kaplan‑Meier curves of PFS also 
demonstrated that patients in the high PNI and AGR groups 
exhibited a prolonged PFS time compared with patients in the 
low PNI and AGR groups (Fig. 2). Kaplan‑Meier curves also 
showed that patients with high ALI, dMMR and PD‑L1 posi‑
tive had higher PFS times compared with those with low ALI, 
pMMR and PD‑L1 negative (Fig. 3). The differences in PFS 

between patients grouped according to various characteristics 
as analyzed using univariate analysis are displayed in Table V.

Discussion

Following the success of immunotherapy trials in numerous 
solid tumors (18), immunotherapy and combination therapies 

Table II. Comparison of PNI, ALI, AGR, CEA, CA19‑9 and AFP values before and after immunotherapy in responding and 
non‑responding groups.

	 Between time
	 points	 Between groups	 Interaction
	 Responding	 Non‑responding		           ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	         ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	        ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 group	 group	 P‑value	 F‑value	 P‑value	 F‑value	 P‑value	 F‑value	 P‑value

PNI									       
  Before	 48.08±5.95	 43.81±5.93	 <0.001	 11.879	 0.001	 40.874	 <0.001	 1.933	 0.166
  immunotherapy
  After	 47.05±5.89	 41.38±6.61	 <0.001						    
  immunotherapy
  P‑value	 0.204	 <0.001							     
ALI									       
  Before	 384.08±271.45	 355.78±300.63	 0.518	 0.781	 0.378	 0.616	 0.434	 0.001	 0.981
  immunotherapy
  After	 363.03±237.36	 335.86±287.83	 0.506						    
  immunotherapy
  P‑value	 0.574	 0.468							     
AGR									       
  Before	 1.50±0.22	 1.31±0.30	 <0.001	 14.561	 <0.001	 45.239	 <0.001	 8.592	 0.043
  immunotherapy
  After	 1.48±0.29	 1.18±0.28	 <0.001						    
  immunotherapy
  P‑value	 0.584	 <0.001							     
CEA									       
  Before	 28.71±51.06	 69.48±407.03	 0.412	 0.942	 0.333	 2.771	 0.098	 3.941	 0.049
  immunotherapy 
  After	 16.62±24.01	 104.68±234.65	 0.002						    
  immunotherapy
  P‑value	 0.530	 0.013							     
CA19‑9									       
  Before	 122.66±323.63	 133.10±282.47	 0.816	 0.023	 0.879	 3.830	 0.052	 4.336	 0.039
  immunotherapy
  After	 27.03±28.55	 215.70±680.91	 0.024						    
  immunotherapy
  P‑value	 0.168	 0.104							     
AFP									       
  Before	 41.43±156.59	 221.78±1066.02	 0.168	 1.266	 0.262	 1.930	 0.166	 1.092	 0.297
  immunotherapy
  After	 48.98±345.97	 425.67±2331.69	 0.187						    
  immunotherapy
  P‑value	 0.960	 0.068							     

Data are expressed as the mean ± standard deviation. PNI, prognostic nutritional index; ALI, advanced lung cancer inflammation index; AGR, 
albumin‑globulin ratio; CEA, carcinoembryonic antigen; CA19‑9, carbohydrate antigen19‑9; AFP, α‑fetoprotein.
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Table III. Analysis of treatment efficacy in patients according to PNI, ALI and AGR values.

Variable	 n	 CR	 PR	 SD	 PD	 ORR	 DCR

PNI							     
  Low	 96	 1 (1.0)	 22 (22.9)	 39 (40.6)	 34 (35.4)	 23 (24.0)	 62 (64.6)
  High	 99	 2 (2.0)	 43 (43.4)	 35 (35.4)	 19 (19.2)	 45 (45.5)	 80 (80.8)
  χ2	 					     9.916	 6.482
  P‑value						      0.002	 0.011
ALI							     
  Low 	 98	 0 (0.0)	 31 (31.6)	 37 (37.8)	 30 (30.6)	 31 (31.6)	 68 (69.4)
  High 	 97	 3 (3.1)	 34 (35.1)	 37 (38.1)	 23 (23.7)	 37 (38.1)	 74 (76.3)
  χ2	 					     0.910 	 1.173
  P‑value						      0.340 	 0.279
AGR							     
  Low 	 100	 0 (0.0)	 23 (23.0)	 37 (37.0)	 40 (40.0)	 23 (23.0)	 60 (60.0)
  High 	 95	 3 (3.2)	 42 (44.2)	 37 (38.9)	 13 (13.7)	 45 (47.4)	 82 (86.3)
  χ2	 					     12.738	 17.046
  P‑value						      <0.001	 <0.001

Data are presented as n (%). PNI, prognostic nutritional index; ALI, advanced lung cancer inflammation index; AGR, albumin‑globulin ratio; 
CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, disease control 
rate.

Table IV. Comparison of PD‑L1 expression, MMR status, sex, age, BMI, smoking history, alcohol consumption, liver and 
peritoneal metastasis between responding and non‑responding patients.

Variable	 n	 Responding group 	 Non‑responding group 	 χ2	 P‑value

Sex					   
  Female	 60	 25 (36.8) 	 35 (27.6)	 1.762 	 0.184 
  Male	 135	 43 (63.2)	 92 (72.4)		
Age, years					   
  <65	 120	 45 (66.2) 	 75 (59.1)	 0.949 	 0.330 
  ≥65	 75	 23 (33.8) 	 52 (40.9)		
BMI, kg/m2	 				  
  <18.5	 59	 23 (33.8)	 36 (28.3)	 0.630 	 0.428 
  ≥18.5 	 136	 45 (66.2)	 91 (71.7)		
Drinking history					   
  No	 159	 58 (85.3) 	 101 (79.5)	 0.978 	 0.323 
  Yes	 36	 10 (14.7)	 26 (20.5) 		
Smoking history					   
  No	 126	 46 (67.6)	 80 (63.0) 	 0.420 	 0.517 
  Yes	 69	 22 (32.4)	 47 (37.0)		
Liver metastasis					   
  No	 112	 37 (54.4)	 75 (59.1)	 0.391 	 0.531 
  Yes	 83	 31 (45.6)	 52 (40.9)		
Peritoneal metastasis					   
  No	 152	 57 (83.8)	 95 (74.8)	 2.096 	 0.148 
  Yes	 43	 11 (16.2)	 32 (25.2)		
PD‑L1 expression, CPS					   
  <5	 105	 19 (27.9)	 86 (67.7)	 28.193 	 <0.001
  ≥5	 90	 49 (72.1)	 41 (32.3)		
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are included in the National Comprehensive Cancer Network 
(NCCN) guidelines as the standard of care for advanced gastric 
cancer (19). In various authoritative guidelines, including the 
NCCN and Chinese Society of Clinical Oncology guidelines, 
anti‑PD‑1 drugs have become the standard palliative immu‑
notherapy regimen for gastric cancer, while anti‑PD‑L1 drugs 
have not  (19,20); therefore, anti‑PD‑1 therapy rather than 
anti‑PD‑L1 therapy was selected for evaluation in the present 
study. However, the benefits of immunotherapy are limited 
to certain populations of patients; thus, further investigations 
of potential biomarkers are required to predict patient prog‑
nosis and maximize patient benefits. Malignant tumors are 
characterized by the high consumption of nutrients, and the 
development of tumors is often accompanied by a decline in 
nutritional levels. Furthermore, as nutritional levels decrease, 
treatment tolerance and survival rates also decrease (21). As 
gastric cancer affects the digestive system, the nutritional 
intake and absorption in patients with gastric cancer may be 
worse than those of other malignancies. Notably, if PNI, ALI 
and AGR values were found to be independent predictors of 
gastric cancer, this would exhibit advantages compared with 
the conventional use of PD‑L1 score and MMR status. For 
example, PNI, ALI and AGR are determined via the analysis 

of peripheral blood; therefore, they are less invasive to investi‑
gate and are inexpensive for patients.

The results of the present study demonstrated that a low 
PNI was associated with higher than normal CEA levels. 
Moreover, a low ALI was associated with a low BMI, elevated 
AFP levels, PD‑L1 negative and first‑line treatment. These 
factors are associated with deterioration in the nutritional 
status of patients with a higher tumor load following disease 
progression. Moreover, when the patients in the responding 
and non‑responding groups were compared, the patients in 
the responding group had higher PNI and AGR values than 
those in the non‑responding group both before and after treat‑
ment, but had lower CA19‑9 and CEA levels than those in 
the non‑responding group after treatment. In a comparison of 
before and after treatment results in the non‑responding group, 
PNI and AGR levels were decreased and CEA values were 
increased following treatment compared with those prior to 
treatment. These results further indicate that the control of 
tumor progression and reduction of tumor load may alleviate 
issues with eating and nutrition absorption, and improve the 
nutritional status of patients to a certain extent.

PNI is a marker used to assess inflammation and nutritional 
status, which is based on serum lymphocyte count and albumin 
levels. PNI was initially used to assess the risks associated with 
gastrointestinal surgery (22), and is also widely used in the 
prognostic assessment of a variety of malignancies (23‑25). 
The results of a previous study demonstrated a significant asso‑
ciation of PNI with disease‑free and overall survival following 
radical gastric cancer surgery (26). Moreover, PNI has been 
demonstrated to be an independent predictor of prognosis in 
non‑small cell lung cancer (27), melanoma (28) and uroepi‑
thelial carcinoma (29). The results of the present study suggest 
that ineffective treatment may lead to a reduction in PNI in 
patients with advanced gastric cancer. These results indicate 
that effective immunotherapy may, to some extent, alleviate 
deterioration of the nutritional status and clinical symptoms of 
patients, such as difficulty in eating. The ORR and DCR were 
higher in the high PNI group compared with those in the low 
PNI group. In addition, PNI was found to be an independent 
predictor of the short‑term efficacy of immunotherapy and 
prognosis of patients with advanced gastric cancer. This is 
consistent with previous results in uroepithelial carcinoma, in 
which patients with a high PNI exhibited significantly higher 
ORR and DCR than those with a low PNI (29).

The ALI is a combined indicator of nutrition and inflam‑
mation. The results of a previous study demonstrated that 
the prognostic ability of ALI was superior to that of other 

Table IV. Continued.

Variable	 n	 Responding group 	 Non‑responding group 	 χ2	 P‑value

MMR status					   
  pMMR	 178	 57 (83.8) 	 121 (95.3)	 7.299 	 0.007 
  dMMR	 17	 11 (16.2) 	 6 (4.7)		

Data are presented as n (%). BMI, body mass index; PD‑L1, programmed cell death ligand‑1; CPS, combined positive score; MMR, mismatch 
repair; dMMR, MMR deficient; pMMR, MMR proficient.

Figure 1. ROC curves of PNI and AGR values prior to immunotherapy. PNI: 
area under the curve, 0.699; P<0.001; cut‑off value, 47.18; sensitivity, 0.603; 
specificity, 0.764. AGR: area under the curve, 0.696; P<0.001; cut‑off value, 
1.29; sensitivity, 0.853; specificity, 0.496. Diagonal segments in the curves 
are produced by ties. ROC, receiver operating characteristic; PNI, prognostic 
nutritional index; AGR, albumin‑globulin ratio.
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Figure 2. Kaplan‑Meier analysis of the progression‑free survival of patients with gastric cancer treated with immunotherapy. Stratification by (A) PNI (P<0.001) 
and (B) AGR values (P<0.001) showed that patients with high PNI and AGR values had higher progression‑free survival times compared with those with low 
PNI and AGR values. PNI, prognostic nutritional index; AGR, albumin‑globulin ratio.

Figure 3. Kaplan‑Meier analysis of the progression‑free survival of patients with gastric cancer treated with immunotherapy. Stratification by (A) ALI (P=0.023) 
(B) MMR status (P<0.001), (C) PD‑L1 expression levels (P=0.007) showed that patients with high ALI, dMMR and PD‑L1 positive had higher progression‑free 
survival times compared with those with low ALI, pMMR and PD‑L1 negative. ALI, advanced lung cancer inflammation index; MMR, mismatch repair; 
dMMR, MMR deficient; pMMR, MMR proficient; PD‑L1, programmed cell death ligand‑1; CPS, combined positive score.
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inflammatory or nutrition‑based indices in a cohort of patients 
with various types and all stages of lung cancer (30). Notably, 
ALI has been shown to exhibit prognostic significance in 
numerous types of cancer, including bile duct cancer  (31), 
head and neck cancer  (32), and colorectal cancer  (33). In 
addition, ALI has been demonstrated to be an independent 
predictor of prognosis in patients undergoing radical surgery 
for gastric cancer (34). The results of the univariate analysis 
in the present study revealed a longer PFS time in the high 
ALI group compared with that in the low ALI group. However, 
multivariate analysis revealed no statistically significant 
association of ALI with short‑term patient outcomes and 
prognosis. A previous study on advanced non‑small cell lung 
cancer demonstrated that ALI is a prognostic and predictive 
biomarker for patients treated with PD‑L1 inhibitors alone 
but not in combination with chemotherapy (35). Notably, the 
majority of patients in the present study underwent treatment 
with PD‑1 inhibitors combined with chemotherapy, and fewer 
patients were treated with PD‑1 inhibitors alone. Due to the 
retrospective nature of the present study, further investigations 
are required to clarify the correlation of ALI with the efficacy 
of immunotherapy and the prognosis of patients with advanced 
gastric cancer. In addition, further stratification of the patients 
and additional ALI cut‑off values may be required.

Albumin levels are key nutritional indicators that may also 
reflect the levels of inflammation in patients (36). Globulin 
is a cortisol‑binding protein associated with immunity and 
inflammation levels in patients (37,38). Research has focused 
on the clinical application of AGR as a prognostic marker 
for tumors, and as a serological indicator of nutritional status 
and systemic inflammation. Previous studies have provided 
results indicating that AGR may be an independent prognostic 
indicator in patients with cancer cachexia (39), and that AGR 
exhibits prognostic significance in metastatic prostate (40), 
rectal  (41), gastric  (15), cervical  (42) and nasopharyngeal 
cancer (43). Furthermore, Liu et al  (44) demonstrated that 
AGR affects the PD‑1/PD‑L1 pathway in breast cancer, with 
implications for immunotherapy. Notably, the present study 
indicated that treatment progression may contribute to a 
reduction in AGR, and that patients with a high AGR exhibited 
higher ORR and DCR than those with a low AGR. In addition, 
it demonstrated that AGR may be an independent predictor of 
both the short‑term efficacy of immunotherapy and prognosis 
in patients with advanced gastric cancer. These results are 
consistent with those of previous studies conducted in multiple 
tumor types (36). However, the cut‑off value of AGR varies 
among studies, which may be due to differences in sample 
size and detection instruments (45). Thus, further investiga‑
tions into the use of AGR as a biomarker of immunotherapy 
efficacy in patients with advanced gastric cancer are required, 
with increased sample sizes and improved standardization of 
detection instruments.

The present study exhibits numerous limitations. For 
example, the overall survival rates of patients were not 
investigated, and further investigations are required to 
determine the predictive ability of PNI, ALI and AGR in the 
efficacy of immunotherapy and the prognosis of patients with 
advanced gastric cancer. In addition, patients treated with 
immunotherapeutic monotherapy, immunotherapy combined 
with chemotherapy and immunotherapy combined with 

Table V. Univariate analysis of the association between base‑
line variables and PFS in 195 patients with gastric cancer.

	 PFS time
	 (95% CI),
Variable	 months	 Log‑rank	 P‑value

Age, years		  0.141 	 0.707 
  <65	 4.00 (3.82‑4.18)		
  ≥65	 4.00 (3.78‑4.2)		
Sex		  2.620 	 0.106 
  Female	 4.10 (3.68‑4.52)		
  Male	 3.90 (3.73‑4.07)		
BMI, kg/m2	 	 0.075 	 0.784 
  <18.5 	 3.90 (3.60‑4.20)		
  ≥18.5	 4.00 (3.85‑4.15)		
Smoking history		  0.258 	 0.612 
  No	 4.00 (3.79‑4.21)		
  Yes	 3.90 (3.63‑4.17)		
Drinking history		  0.110 	 0.740 
  No	 4.00 (3.82‑4.18)		
  Yes	 3.90 (3.55‑4.25)		
Liver metastasis		  0.036 	 0.850 
  No	 3.90 (3.68‑4.12)		
  Yes	 4.00 (3.80‑4.20)		
Peritoneal		  0.011 	 0.915
metastasis
  No	 3.90 (3.72‑4.08)		
  Yes	 4.00 (3.79‑4.21)		
PD‑L1		  7.220 	 0.007
expression, CPS
  <5	 3.80 (3.68‑3.93)		
  ≥5	 4.40 (4.04‑4.76)		
MMR status		  16.475 	 <0.001
  pMMR	 3.90 (3.76‑4.05)		
  dMMR	 9.20 (3.15‑15.25)		
PNI		  15.936 	 <0.001
  Low 	 3.60 (3.37‑3.83)		
  High 	 4.40 (4.12‑4.68)		
ALI		  5.201 	 0.023 
  Low 	 3.80 (3.59‑4.01)		
  High 	 4.00 (3.82‑4.18)		
AGR		  18.915 	 <0.001
  Low 	 3.80 (3.39‑4.21)		
  High 	 4.20 (3.65‑4.75)		

PFS, progression‑free survival; CI, confidence interval; BMI, body 
mass index; PD‑L1, programmed cell death ligand‑1; CPS, combined 
positive score; MMR, mismatch repair; dMMR, MMR deficient; 
pMMR, MMR proficient; PNI, prognostic nutritional index; ALI, 
advanced lung cancer inflammation index; AGR, albumin‑globulin 
ratio.
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anti‑angiogenic agents were included in the present study. 
Thus, further subgroup analyses are required to evaluate the 
nutritional status of patients following different treatment 
regimens. Further subgroup analyses are also required to 
verify the predictive ability of nutrition‑associated indicators 
for different treatment regimens. Moreover, the present study 
included a widely varied patient population from a single 
institution, including patients with different lines of therapy 
and different combinations of immunotherapy, the majority 
of whom were Asian individuals. Thus, further studies with 
larger sample sizes are required.

In conclusion, the present study indicates that tumor 
progression may lead to a decline in the nutritional levels of 
patients, and that effective immunotherapy may alleviate the 
deterioration of nutritional status in patients, to some extent.
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