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Prognostic value of the advanced lung cancer
inflammation index in patients with gastric
cancer after radical gastrectomy: a propensity-
score matching cohort study and meta-
analysis
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Abstract

Background Insufficient evidence existed about the prognostic role of the advanced lung cancer inflammation
index (ALI) for gastric cancer patients who underwent curative resection. The aim of this study was to identify the
predictive ability of ALl for survival after curative gastrectomy.

Methods We retrospectively analyzed 328 gastric cancer patients who received curative gastrectomy from the
database of Chongging University Cancer Hospital, and investigated the prognostic role of the preoperative ALI
compared with clinicopathological variables and other serum biomarkers, such as preoperative neutrophil-to-
lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR) and Lymphocyte-monocyte ratio (LMR). To minimize
intergroup differences, propensity score matching (PSM) analysis was employed. Additionally, we performed a meta-
analysis of four cohort studies published up to October 2023 following the PRISMA guidelines.

Results In the overall cohort, patients in the low ALl group had a significantly worse overall survival compared to
those in the high ALI group (P<0.0001). Subgroup analysis identified that ALl maintained its prognostic significance
across different subgroups. In addition, ROC analysis showed that ALI had a higher AUC value for 3-year overall
survival compared to NLR, PLR, and LMR (0.576 vs. 0.573 vs. 0.557 vs. 0.557). Multivariate analysis indicated that AL,
other than other serum biomarkers, was an independent risk factor for decreased overall survival in GC patients
following curative surgery (HR=1.449; 95%Cl: 1.028-2.045; P=0.034). Consistently, PSM analysis supported all of these
findings. The meta-analysis including 4 studies evaluating 2542 patients, confirmed the association between the low
ALl and poor survival outcomes.

Conclusion The preoperative ALl was an independent prognostic factor for survival in gastric cancer patients who
underwent curative gastrectomy.
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Background

Gastric cancer (GC) remains the fifth most prevalent
malignancy and the third leading cause of cancer-related
mortality worldwide [1]. Radical gastrectomy combined
with perioperative multimodal treatment represents the
fundamental approach to extend long-term survival in
GC patients [2]. However, despite these standardized
therapies, patients’ prognosis remains unsatisfactory [3].
Therefore, it is imperative to develop treatment plans
based on anticipated survival time in order to enhance
curative outcomes for individuals receiving radical gas-
trectomy. Currently, the AJCC TNM staging system
serves as the primary basis for gastric cancer manage-
ment; however, relying solely on staging systems does not
adequately support treatment selection and prognostic
evaluation in this disease entity [4]. Consequently, there
is a critical need to explore novel prognostic biomark-
ers that can guide therapeutic decision-making in gastric
cancer.

Mounting evidence indicates that cancer-related
inflammation and malnutrition prevail among the major-
ity of patients with malignancies, exerting a pivotal
influence on the prognosis of cancer patients [5, 6]. Con-
sequently, biomarkers centered around inflammation/
nutrition hold great promise as potential prognosticators
for long-term oncological results. Notably, the preop-
erative neutrophil-to-lymphocyte ratio (NLR), obtained
from two blood-based inflammatory markers, has
emerged as an influential gauge linked to adverse surgical
outcomes and survival rates in multiple malignancies [7].
Furthermore, reduced body mass index (BMI) and serum
albumin (ALB), which mirror nutritional status, have also
exhibited associations with adverse therapeutic outcomes
across diverse types of cancers [8, 9].

In recent years, the advanced lung cancer inflamma-
tion index (ALI), an emerging biomarker, has emerged
as a significantly more promising predictor of survival
outcomes in cancers due to its incorporation of multiple
nutritional and inflammatory indicators [10-12]. Specifi-
cally, the ALI is calculated as BMI * ALB/NLR, which was
first established by Jafri et al. [13] in 2013 as a prognos-
tic index for non-small cell lung cancer. Since then, the
ALI has been widely applied to evaluate the prognosis
of various diseases [14—16]. Our previous meta-analysis
[17] revealed that a low ALI indicates poor overall sur-
vival (OS) and disease-free survival (DFS) in gastrointes-
tinal cancer patients. However, due to limited reported
studies, the prognostic role of the ALI in gastric cancer
patients undergoing curative surgery has not been suffi-
ciently investigated.

Therefore, due to insufficient evidence, we conducted
a two-step study. Firstly, we carried out a retrospec-
tive cohort study to assess the predictive value of ALI
for prognosis in gastric cancer patients who underwent
curative gastrectomy. Secondly, we performed a meta-
analysis validation using relevant studies to evaluate the
prognostic role of ALI in those patients.

Materials and methods

Ethics statement

The present retrospective study was conducted in accor-
dance with the principles outlined in the Declaration of
Helsinki and received approval from the Research Eth-
ics Committee of Chonggqing University Cancer Hospi-
tal (ethical approval number: CZLS2023347-A). Prior to
analysis, all medical records were anonymized and dei-
dentified. Furthermore, informed consent to participate
was obtained from individual patients prior to surgery in
the study.

Study population

A total of 542 consecutive patients with gastric cancer
who underwent gastrectomy between January 2017 and
June 2020 were retrieved from the database of Chongq-
ing University Cancer Hospital for analysis in this study.
Patients were included based on the following criteria:
(1) histologically confirmed gastric adenocarcinoma;
(2) radical resection performed; (3) absence of distant
metastasis; (4) availability of complete clinical and labo-
ratory information. Patients meeting any of the follow-
ing criteria were excluded: (1) receiving neoadjuvant
therapy; (2) having any inflammatory or hematological
diseases affecting relevant laboratory parameters; (3) lost
to follow-up. Ultimately, a total of 382 participants were
included in this study (Fig. 1).

Data collection

The following data were collected: sex, age, height,
weight, comorbidities, preoperative laboratory tests
(including perioperative blood cell counts and albumin
levels), surgical approach, gastrectomy extent, tumor
size, tumor differentiation, depth invasion, nodal metas-
tasis, pathological stage and adjuvant chemotherapy.
The perioperative venous blood was collected from all
patients within one week prior to surgery for the exami-
nation of serum parameters. BMI was defined as weight
(kg) divided by height-squared (m?). NLR was defined as
absolute neutrophil count divided by absolute lympho-
cyte count. Platelet-lymphocyte ratio (PLR) was defined
as absolute platelet count divided by absolute lymphocyte
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Gastric cancer patients who underwent

Hospital from 2017 to 2020 (n=542)

gastrectomy at Chongqing University Cancer

v

Exclusion criteria:
Palliative gastrectomy (n=31)
Distal metastasis (n=38)
Non-adenocarcinoma (n=9)
Neoadjuvant therapy (n=57)
Preoperative diseases affecting serum
biomarkers (n=12)
Incomplete data (n=44)
Lost follow-up (n=23)

Patients in the overall cohort (n=328):
ALI low group(n=102); ALI high group (n=226)

\4

\ 4

PSM analysis:
Matched variables: tumor size; depth
invasion, nodal involvement, TNM
stage.
Method: nearest neighbor matching

Patients included in the PSM cohort (n=204):
ALI low group(n=102); ALI high group (n=102)

Fig. 1 The flow chart of patients with gastric cancer enrolled in this study

count. Lymphocyte-monocyte ratio (LMR) was defined
as absolute lymphocyte count divided by absolute mono-
cyte count. ALI was calculated as follows: ALI=BMI (kg/
m?) X Albumin (g/dl) / NLR.

The surgery was performed in accordance with the
Japanese gastric cancer treatment guidelines [18], and the
tumor’s pathologic staging was conducted based on the
AJCC 8th TNM system [19].

Follow-up

The patients were regularly followed up through tele-
phone interviews and outpatient visits. The last follow-up
date in this study was June 1, 2023. It was recommended
that all patients undergo follow-up every 3—6 months
during the first 3 years and at least once yearly thereafter.
OS time was calculated from the surgery date to the last
follow-up or the date of death from any cause.

Statistical analysis

Statistical analyses were conducted using R software
(version 4.1.2; R Core Team, URL: http://www.R-project.
org/) and SPSS software (IBM SPSS Statistics, Armonk,
NY). Student’s t-tests were used to compare continuous
variables with a normal distribution. Mann-Whitney
U tests were employed for skewed continuous variables

and ordinal categorical variables comparison, while
chi-square tests were utilized for unordered categorical
variables comparison. OS was analyzed using the Kaplan-
Meier method and compared using the log-rank test. The
optimal cut-off values of ALI and other serum biomark-
ers for OS were determined by utilizing the “surv_cut-
point” function from the “survminer” package [20]. The
predictive values of these serum markers for 3-year OS
were compared using the area under receiver-operating
characteristic (ROC) curve (AUC). Univariate and multi-
variate Cox proportional hazard regression models were
used to evaluate risk factors for OS, presenting results as
hazard ratios (HRs) with their corresponding 95% con-
fidence intervals (CIs). Variables with a P value<0.10 in
univariate analysis, as well as clinically significant vari-
ables, were considered as candidate variables to include
in the multivariate model. We also calculated the toler-
ance and variance inflation factor (VIF) values to evalu-
ate multicollinearity between these candidate variables,
with tolerance<0.1 and VIF>10 considered indicative
of multicollinearity [21]. Additionally, propensity score
matching (PSM) analysis was performed to eliminate
intergroup differences in baseline parameters using a
1:1 nearest matching method implemented through
the “MatchlIt” package [22]. All P values reported are
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two-tailed, and statistical significance was defined as
P<0.05.

Meta-analysis

The present meta-analysis was conducted in accordance
with the PRISMA guidelines. Two independent authors
(P HY and D LY) comprehensively searched the online
databases of PubMed, Embase, and Web of Science for
potential studies from inception to October 31, 2023.
The literature retrieval utilized the following combina-
tion of keywords: [“advanced lung cancer inflammatory
index”] AND [“gastric cancer” OR “gastric carcinoma”
OR “stomach cancer” OR “stomach tumor”]. Inclusion
criteria were as follows: (1) Studies examining the asso-
ciation between the ALI and prognosis in GC patients
who underwent primary curative resection; (2) Suffi-
cient data provided to obtain HRs and 95% ClIs for the
relationship between the ALI and survival outcomes; (3)
The cut-off value of the ALI was clearly reported; (4) for
duplicated studies, only the study that included the most
cases was included. Exclusion criteria included literature
reviews, case reports, conference abstracts and letters.
Data extraction was performed using a predefined form
that captured study characteristics (e.g., publication year,
country, sample size), clinicopathological features (e.g.,
age, sex, TNM stage), and survival outcomes including
OS, progression-free survival (PFS), and cancer-specific
survival (CSS). The risk of bias was assessed using the
Newcastle Ottawa Scale [23] (NOS) for cohort studies.
All pooled analyses were conducted using Review Man-
ager Software version 5.3 (Cochrane, London UK). Het-
erogeneity between studies was evaluated using the I*
statistic; an I? value greater than 50% indicated substan-
tial heterogeneity. Pooled effects were calculated using
the Mantel-Haenszel random-effects model. Statistical
significance was defined as a two-tailed P-value <0.05.

Results
Clinicopathological characteristics of included patients in
the overall cohort
The clinicopathological features of 328 patients were
summarized in Table 1 (left panel). The mean age of all
patients was 58.411+10.87 years old. There were 222
males (66.7%) and 106 females (32.3%). The distribution
of TNM stage were as follows: 65 (19.8%) with stage I;
65 (19.8%) with stage II; 198 (60.4%) with stage III. After
curative resection, adjuvant chemotherapy was adminis-
tered to 56.1% of the patients. We analyzed the optimal
threshold of serum biomarkers for OS using the “surv_
cutpoint” function of the “survminer” package, and the
optimal cut-off values of ALI, NLR, PLR and LMR were
31.90, 2.34, 164.41 and 4.55, respectively.

Overall, a total of 102 patients were identified as having
a low ALI (<31.90), and 226 patients were identified as
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having a high ALI (=31.90). We observed that a low ALI
was significantly associated with larger tumor size, more
advanced tumor depth invasion, and higher TNM stage.
Additionally, we found that individuals with a low ALI
exhibited lower BMI, albumin levels, lymphocyte count,
LMR level but higher neutrophil count, monocyte count,
platelet count, NLR level and PLR level.

Survival analyses according to the ALl in the overall cohort
In the overall cohort, the Kaplan-Meier survival curve
demonstrated a significantly worse OS in patients belong-
ing to the low ALI group compared to those in the high
ALI group (3-year OS rate: 54.9% vs. 67.7%; P<0.0001,
Fig. 2A). Furthermore, subgroup analyses based on vari-
ous clinicopathologic features were conducted to inves-
tigate the prognostic value of ALI in different types of
gastric cancer patients. As shown in Fig. 3A, our findings
identified that ALI maintained its prognostic significance
across different subgroups.

In order to compare the prognostic predictability of
ALI with other hematological biomarkers, we generated
ROC curves and calculated their corresponding AUCs. In
the overall cohort, the AUC for 3-year OS was higher for
ALI compared to NLR, PLR, and LMR (0.576 vs. 0.573 vs.
0.557 vs. 0.557) (Fig. 4A).

In the overall cohort, the univariate analysis revealed
significant associations of ALI, preoperative comorbidity,
gastrectomy extent, tumor differentiation, TNM stage,
LMR and PLR with overall survival (all P values<0.05). In
the multivariate analysis, candidate covariates were iden-
tified as variables with a significance level of P<0.1 and
adjuvant chemotherapy, which were further confirmed
to have no collinearity among independent variables (all
candidate variables had tolerance values>0.1 and VIF
values< 10, as shown in Table S1). We identified that the
low ALI independently posed a risk factor for decreased
OS (HR=1.449; 95%CI: 1.028-2.045; P=0.034; Table 2).

Sensitivity analysis according to PSM analysis

To mitigate baseline bias, a 1:1 PSM analysis was con-
ducted, resulting in 102 patients in each group. Follow-
ing the matching process, there were no statistically
significant differences observed in the clinicopathological
parameters between the two groups (Table 1, right panel).
Following PSM, patients in the low ALI group continued
to exhibit inferior OS (3-year OS rate: 54.9% vs. 64.7%;
P=0.00032, Fig. 2B). As depicted in Fig. 3B, our findings
consistently demonstrated that ALI maintained its prog-
nostic value across different subgroups after PSM. Simi-
larly, in the PSM cohort, the ALI demonstrated superior
prognostic prediction efficacy compared to NLR, PLR,
and LMR (0.594 vs. 0.554 vs. 0.551 vs. 0.534, Fig. 4B).
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Table 1 Correlation between clinicopathological characteristics and ALl in gastric cancer patients before and after PSM analysis

Characteristics Before PSM After PSM
Total Low ALI High ALI P Total (204) Low ALI High ALI P
(n=328) (n=102) (n=226) value (n=102) (n=102) value
Age, years (Mean +SD) 5841+£10.87 5946+11.08 5793+10.77 0239 5867+1145 5946+11.08 57.87+£11.80 0.482
Age, n (%) 0320 0.766
>65 years old 94 (28.7) 33(324) 61 (27.0) 68 (33.3) 33(324) 35(34.0)
<65 years old 234(71.3) 69 (67.6) 165 (73.0) 136 (66.7) 69 (67.6) 67 (68.0)
Sex, n (%) 0.993 0.191
Male 222 (67.7) 69 (67.6) 153 (67.7) 129 (63.2) 69 (67.6) 60 (58.8)
Female 106 (32.3) 33(324) 73(323) 75(36.8) 33(324) 42 (41
Comorbidity, n (%) 0.218 0.515
Yes 73(22.3) 27 (26.5) 46 (20.4) 50 (24.5) 27 (26.5) 23(22.5)
No 255(77.7) 75(73.5) 180 (79.6) 154 (75.5) 75(73.5) 79(77.5
Surgical approach, n (%) 0917 0.622
Open 33(10.1) 10 (9.8) 23(10.2) 18 (8.8) 10 (9.8) 8(7.8)
Laparoscopic 295 (89.9) 92 (90.2) 203 (89.8) 186 (91.2) 92 (90.2) 94 (92.2)
Gastrectomy extent, n (%) 0.276 0.058
Proximal 49 (14.9) 20(19.6) 29(12.8) 29(14.2) 20(19.6) 9(8.8)
Distal 186 (56.7) 54 (52.9) 132 (58.4) 109 (53.4) 54 (52.9) 55(53.9)
Total 93 (284) 28 (27.5) 65 (28.8) 66 (32.4) 28(27.5) 38(37.3)
Tumor size, cm (Mean +SD) 557+3.15 6.05+2.84 536+3.26 0003  6.16+3.06 6.05+2.84 6.27+3.28 0.624
Tumor size, n (%) 0.877
>5cm 189 (57.6) 73(71.6) 116 (51.3) 0.001 145 (71.1) 73(71.6) 72 (70.6)
<5cm 139 (42.4) 29 (284) 110 (48.7) 59 (28.9) 29 (284) 30(29.5)
Tumor differentiation, n (%) 0.404 0.086
Differentiated 99 (30.2) 34 (333) 65 (28.8) 57 (27.9) 34(333) 23(22.5)
Undifferentiated 229 (69.8) 68 (66.7) 161(71.2) 147 (72.1) 68 (66.7) 79 (73.5)
Depth invasion, n (%) 0.019 0.245
T1 54 (16.5) 8(7.8) 46 (20.4) 20(9.8) 8(7.8) 12(11.8)
T2 43 (13.1) 14 (13.7) 29 (12.8) 31(15.2) 14 (13.7) 17 (16.7)
T3 62 (18.9) 20(19.6) 42(18.6) 40 (19.6) 20(19.6) 20(19.6)
T4 169 (51.5) 60 (58.8) 109 (48.2) 113 (55.4) 60 (58.8) 53(52.0)
Nodal metastasis, n (%) 0.186 0.126
NO 88 (26.8) 19 (18.6) 69 (30.5) 35(17.2) 19 (18.6) 16 (15.7)
N1 48 (14.6) 17 (16.7) 31(13.7) 36 (17.6) 17 (16.7) 19(18.6)
N2 63 (19.3) 25 (24.5) 38(16.8) 35(17.2) 25(24.5) 10 (9.8)
N3 129 (39.3) 41(40.2) 88(38.8) 98 (48.0) 41(40.2) 57 (55.9)
TNM stage, n (%) 0.038 0.870
[ 65 (19.8) 11(108) 54(23.9) 24(11.8) 11(108) 13(12.7)
[ 65(19.8) 23(22.5) 42(186) 42 (20.6) 23(22.5) 19(186)
1 198 (60.4) 68 (66.7) 130 (57.5) 138 (67.6) 68 (66.7) 70 (68.7)
Adjuvant chemotherapy, n 0.594 0480
(%)
Yes 184 (56.1) 55(53.9) 129 (57.1) 115 (56.4) 55(53.9) 60 (58.8)
No 144 (43.9) 47 (46.1) 97 (42.9) 89 (43.6) 47 (46.1) 42 (41.2)
BMI, Kg/mZ(MeaniSD) 22.1+3.19 20.61+£2.82 22774313 <0.001 21.73+3.26 20.61+£2.82 22.85+3.31 <0.001
Albumin, g/L (Mean +SD) 40.18+4.51 38.38+5.09 40.99+£3.98 <0001  3946+4.60 38.38+5.09 40.54+3.79 <0.001
Neutrophil count, 10°/L 3454130 429+1.59 3.06+0.93 <0.001  360+145 429+1.59 291+085 <0.001
(Mean*SD)
Lymphocyte count, 10°/L 1.55+0.54 1.20+040 1.70£0.53 <0.001 141+£049 1.20+040 1.62+047 <0.001
(MeanxSD)
Monocyte count, 10°/L 032+0.13 034+0.17 031+0.11 0067 032+0.14 034+0.17 0.30+0.10 0.163
(Mean +SD)
Platelet count, 10°/L 1942147366 207.81+8697 188.07+66.09 <0.001 1971647642 207.81+86.97 186.50+62.80 0222

(Mean%SD)
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Characteristics Before PSM After PSM
Total Low ALI High ALI P Total (204) Low ALI High ALI P
(n=328) (n=102) (n=226) value (n=102) (n=102) value
NLR (Mean +SD) 247+1.35 3.80+1.64 1.88+0.54 <0.001 2.83+1.55 3.80+1.64 1.87+0.54 <0.001
ALl (Mean=SD) 445142275 23.06%£6.39 5420+20.76  <0.001 3840+21.82 23.06+6.39 53.75+2098 <0.001
PLR (Mean +SD) 137.38+69.02 185.19+90.11 11580+42.13 <0.001 15253+77.17 18519+90.11 119.87+41.19 <0.001
LMR (Mean = SD) 541+£245 412+2.06 599+2.39 <0.001 492+205 412+2.06 573+1.71 <0.001

PSM: propensity-score matched analysis; SD: standard difference; BMI: body mass index; ALIl: advanced lung cancer inflammation index; NLR: neutrophil to
lymphocyte ratio; PLR: platelet to lymphocyte ratio; LMR: lymphocyte to monocyte ratio

Table 2 Univariable and multivariable analysis for predictors of overall survival in the overall cohort

Univariate analysis

Multivariate analysis

HR (95% Cl) Pvalue HR (95% Cl) P value
Age, years
>65 vs. <65 1.070 (0.754-1.517) 0424
Sex
Male vs. Female 1.056 (0.751-1.485) 0.827
Comorbidity
Yes vs. No 1.641 (1.137-2.367) 0.011 1.300 (0.944-1.791) 0.108
Surgical approach
Laparoscopic vs. Open 0.533(0.278-1.023) 0.132
Gastrectomy extent
Total vs. Partial 1499 (1.065-2.111) 0.001 1.286(0.954-1.735) 0.099
Tumor size, cm
>5vs. <5 1.760 (1.185-2.614) <0.001 1.091 (0.790-1.504) 0.600
Tumor differentiation
Undifferentiated vs. Differentiated 1438 (0.977-2.118) 0.001 1.342 (0.960-1.875) 0.085
TNM stage
llvs. | 1.730 (1.130-2.646) 0.010 2.079(1.410-3.067) <0.001
s, | 5.376(2.353-12.195) <0.001 3.846 (1.626-5.882) <0.001
Adjuvant chemotherapy
Yes vs. No 0.827 (0.592-1.153) 0329 0.731 (0.552-0.969) 0.030
ALl
Low vs. High 1.844 (1.314-2.586) <0.001 1.449 (1.028-2.045) 0.034
LMR
Low vs. High 1.648 (1.181-2.299) 0.009 1.161 (0.852-1.585) 0.343
PLR
Low vs. High 0.742 (0.525-1.048) 0.003 1.070 (0.749-1.526) 0711

HR: hazard ratio; Cl: confidence interval; ALl: advanced lung cancer inflammation index; PLR: platelet to lymphocyte ratio; LMR: lymphocyte to monocyte ratio

Meta-analysis validation

The literature search identified a total of 304 studies.
After screening titles, abstracts, and full-texts, four ret-
rospective single-center studies [24—27] were ultimately
included (Figure S1). As depicted in Tables 3 and 4, a
total of 2542 patients with gastric cancer who under-
went primary curative gastrectomy were encompassed
in these studies. These investigations were conducted
by researchers from China and Japan and published
between 2020 and 2023, with sample sizes ranging from
358 to 949. Among the included studies, the cut-off val-
ues of ALI ranged from 24.81 to 40.50. All of the incor-
porated studies reported OS, two studies reported PFS,
and one study reported CSS. Furthermore, all the studies

underwent assessment using the NOS checklist and
achieved an NOS score of seven stars, indicating their
satisfactory quality (Table 3 and Table S2). However, due
to only four included studies being available for analysis,
publication bias assessment was not performed in this
meta-analysis.

The analysis included four studies with a total of 2542
patients (696 in the low ALI group and 1846 in the high
ALI group) reporting on OS. The pooled HR was 1.45
(95%CL: 1.23-1.73; P<0.0001; I*=0%; Fig. 5A), indicating
that a low ALI independently increased the risk of dete-
riorated OS. Two studies involving 1235 patients (424 in
the low ALI group and 811 in the high group) reported
on PFS. The combined results revealed that patients with
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A Before PSM B After PSM
1. 1.
ALl - Low group - High group ALl +Low group +High group
X 0.
-‘? ¢ g. 8
) 2
8 o S osf
3 3
g 0.4; g 0.4
5 £
> =
(7] n
02{ Log-rank p < 0.0001 02 Log-rank p = 0.00032
X X
[ 10 20 30 40 50 €0 70 80 [ 10 20 30 40 50 €0 70 €0
Time after surgery (months) Time after surgery (months)
Number at risk Number at risk
- Lowgroupf 102 93 77 66 50 34 27 1 4 o Lowgop{ 102 9 77 66 50 3 21 11 0
< Highgroup{ 226 215 182 159 143 118 108 49 0 < Highgroup{ 102 98 8 68 64 56 51 25 0
[J 0 20 30 40 50 70 E) ) 0 20 30 40 50 60 70 80
Time after surgery (months) Time after surgery (months)
Fig. 2 Kapan-Meier curves of ALl in the overall (A) and PSM (B) cohorts
A Before PSM B After PSM
Subgroup Low ALl  High ALI HR(95%CI) P value || Subgroup Low ALl High ALI HR(35%Cl) P value
All patients 102 226 —-— 1.731(1.313-2.281) <0.001 Al patients 102 102 —-— 1.877(1.409-2.500) <0.001
Age Age
265 33 61 - 1.594(0.971-2.615) 0.065 265 33 35 = 1.620(0.910-2.884.) 0.101
<65 59 165 —— 1.766(1.266-2.465) 0.001 <65 59 67 — 1.922(1.265-2.922) 0.002
Sex Sex
Male 69 153 —— 1.562(1.112-2.193) 0.01 Male 69 60 — 1.672(1.082-2.585) 0.021
Female 33 73 —_—— 2.149(1.333-3.467) 0.002 Female 33 42 —_— 2.249(1.301-3.890) 0.004
Comorbidity Comorbidity
Yes 27 46 —— 1.723(1.004-2.957) 0.048 Yes 27 23 T 1.639(0.863-3.114) 0.131
No 75 180 —.— 1.697(1.229-2.342) 0.001 No 75 79 — 1.915(1.282-2.860) 0.002
Surgical approach Surgical approach
Open 10 23 —-— 1.731(1.297-2.311) <0.001 Open 10 8 b —d 3.143(0.795-12.427) 0.103
Laparoscopic 92 203 —————  1.520(0.588-3.391) 0.388 Laparoscopic 92 94 —.— 1.746(1.230-2.479) 0.002
Gastrectomy extent Gastrectomy extent
Partial 74 161 —— 1.888(1.350-2.640) <0.001 Partial 74 64 —— 1.655(0.953-2.874) 0.074
Total 28 65 T+ 1.444(0.882-2.363) 0.144 Total 28 38 —— 2.179(1.398-3.397) 0.001
Tumor size Tumor size
25 73 116 —— 1.613(1.152-2.259) 0.005 25 73 72 —— 1.724(1.176-2.527) 0.005
<5 29 110 —— 1.553(0.930~2.595) 0.093 <5 29 30 — 2.379(1.128-5.020) 0.023
Tumor differenciation Tumor differenciation
Differenciated 34 65 T— 1.522(0.876-2.644) 0.136 Differenciated 34 23 —1— 1.265(0.621-2.757) 0.517
Undifferenciated 68 161 —— 1.899(1.379-2.616) <0.001 Undifferenciated 68 79 — 2.222(1.506-2-3.279) <0.001
TNM stage TNM stage
1 1 54 —fa—————  1.229(0.413-3.657) 0.711 1 1 13 ———  5.400(0.603-48.374) 0.132
I 23 42 — 2.327(1.204-4.498) 0.012 LI} 23 19 > 2.102(0.935-4.727) 0.072
m 68 130 [-— 1.404(1.017-1.938) 0.039 n 68 70 —— 1.725(1.176-2.530) 0.005
Adjuvant chemotherapy Adjuvant chemotherapy
Yes 55 129 —— 1.644(1.128-2.398) 0.01 Yes 55 60 —— 1.761(1.121-2.766) 0.014
No 47 97 —— 1.810(1.203-2.725) 0.004 No 47 42 —— 1.916(1.139-3.225) 0.012
05 35 51 35
Hazard ratio Hazard ratio

Fig. 3 Subgroup analyses of ALl for overall survival in the overall (A) and PSM (B) cohorts

a low ALI had significantly worse PES compared to those
with a high ALI (HR=1.35; 95%CI:1.04—1.76; P=0.02;
>=0%; Fig. 5B). Additionally, one study investigated the
association of ALI with CSS, demonstrating that ALI
could serve as a valuable serum biomarker for predicting
CSS in gastric cancer patients undergoing primary cura-
tive surgery (HR=1.46; 95%CI:1.01-2.10; P=0.043).

Discussion

As a novel and simple serum biomarker, the ALI has
been widely investigated to be a potential prognostic bio-
marker in multiple malignancies except for lung cancer
[28], such as colorectal cancer [14], endometrial cancer
[29] and neuroblastoma [30]. Nevertheless, few studies

[24-27] are available on the prognostic value of ALI in
gastric cancer. Hence, in the present study, we collected
and analyzed the data for GC patients at our center and
conducted a meta-analysis to draw a more definitive
conclusion.

We retrospectively analyzed 328 GC patients after
curative resection and examined the prognostic factors
potentially affecting OS, such as ALI, LMR, PLR and
various clinicopathological characteristics. Our study
showed that the ALIL but not other inflammatory bio-
markers, such as LMR and PLR, independently predicted
OS in both overall and PSM cohorts. In addition, sub-
group analyses supported the prognostic predictability of
ALl in different types of GC patients. Furthermore, ROC
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Fig. 4 Predictive abilities of ALI and other hematological indices for 3-year overall survival examined using t-ROC curves in the overall (A) and PSM (B)

cohorts

Table 3 Basic information of included studies

Reference  Country Study Study Sample Age, years Sex TNM  Exclusion of Time of biomarker NOS
design interval size, n stage disease affect- detection score
ing biomarker
examination
Chen,2023  China RS 2008-2020 949 60(20-97)  615/334 Il Yes 2 weeks before surgery 7
He, 2022 China R;S 2009-2014 358 61(56-67) 284/74 |-l Yes 1 week before surgery 7
Yin,2020 Japan R;S 1992-2011 620 NR 424/196 |-V Yes 2 weeks before surgery 7
Zhang,2022  China R;S 2010-2017 615 NR 469/146 |-l Yes NA 7
R: retrospective; S: single center; NA: not available; NOS: Newcastle Ottawa Scale
Table 4 Survival information of included studies
Reference cut-off cut-off Sample size, n Follow-up time,  Survival Multivari-  OS: CSS; PFS:
method value  LowALI High months analysis ate analysis HR (95% Cl) HR (95% ClI)
ALI
Chen,2023 X-tile 24.81 156 793 35 0S; CSS Yes 1.55(1.11-2.16) 146(1.01-2.10)
He, 2022 ROC 40.50 116 242 101 (range, 0S Yes 1.338(0.735- NA
2-166) 2.436)
Yin,2020 ROC 30 171 449 52.8+399 OS; PFS Yes 1.59(1.15-2.19) 1.26(0.51-3.11)
Zhang,2022 ROC 39.77 253 362 NA OS; PFS Yes 1.34(1.02-1.73) 1.36(1.04-1.79)

ALl: advanced lung cancer inflammation index; OS: overall survival; PFS: progression free survival; CSS: cancer specific survival; HR: hazard ratio; Cl: confidence

interval; NA: not available

analyses revealed that ALI had a higher AUC value to
predict 3-year OS rate compared to other biomarkers like
NLR, PLR and LMR before and after PSM analysis. Over-
all, the findings of our cohort study supported the prog-
nostic superiority of ALI in GC patients who received
curative resection.

To further explore the clinical utility of ALI in GC cura-
tive surgery, we conducted a comprehensive literature

search followed by meta-analysis validation. To our
knowledge, this is the first meta-analysis to explore the
prognostic value of ALI in GC patients who underwent
curative gastrectomy. Consistent with our cohort study,
the pooled analysis revealed that the preoperative ALI
was an independent prognostic factor for OS in in those
patients, with a low heterogeneity. In addition, our meta-
analysis also found that the low preoperative ALI was an
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Fig. 5 Forest plots of overall survival (A) and progression-free survival (B) between the low ALl and high ALl groups

independent risk factor for poor PFS and CSS. Therefore,
ALI may serve as a valuable tool for predicting long-term
survival outcomes in this part of GC patients.
Dysregulation of systemic inflammation and malnu-
trition of the host has been identified as being involved
in the tumor progression [4]. Simultaneously, a lower
ALI may result from lower BMI, ALB, lymphocytes, and
higher neutrophils. Although the detailed mechanisms
of the ALI’s prognostic value in cancers are unclear, they
can be explained as follows: Firstly, the baseline BMI and
ALB, which serve as objective and universally recognized
indicators of patients’ nutritional status, have consistently
been reported to be associated with clinical outcomes
of cancer patients [31, 32]. Kim et al. [33] found that a
low preoperative BMI had a detrimental impact on DFS
and OS in patients with stage I/II gastric cancer, and was
associated with a higher incidence of major complica-
tions in patients with stage III/IV gastric cancer. A study
by Ouyang et al. [34] also demonstrated that a low preop-
erative ALB was related to decreased OS in GC patients
who underwent surgical treatment. In addition, a low
serum albumin has been confirmed to prompt the pro-
duction of pro-inflammatory cytokines and reduce cell-
mediated immunity [35]. Second, as a well-established
inflammation-related biomarker, the NLR has been
extensively validated to predict long-term oncological
outcomes in various malignancies [7]. A recent umbrella
review of systematic reviews and meta-analyses has dem-
onstrated a positive association between higher NLR and
an increased HR for survival outcomes in cancer patients
[36]. The underlying mechanism lies in the ability of
neutrophils to create a conducive microenvironment for
tumor cell proliferation, as well as their role in promot-
ing tumor cell progression and invasion [37]. Conversely,

a decrease in lymphocyte counts hampers the immune
response against cancer cells [38]. The presence of lym-
phopenia has been shown to be correlated with an unfa-
vorable prognosis in individuals diagnosed with cancer
[39]. Consequently, the ALI in conjunction with these
factors, serves as a valuable comprehensive indicator of
nutritional and inflammatory status, facilitating a deeper
comprehension of patients’ functional state and offering
predictive insights into survival outcomes for individuals
with gastric cancer.

The present study has several limitations that should
be acknowledged. Firstly, our dataset was collected
retrospectively, with a limited sample size. Addition-
ally, the studies included in the meta-analysis were also
designed to be retrospective nature. Consequently, there
is a potential risk of selection bias that cannot be ignored,
necessitating further investigation through prospec-
tive studies. Secondly, the participants of both our study
and those included in the meta-analysis were solely from
China and Japan; therefore, the absence of studies from
other regions may restrict the generalizability of our find-
ings. Lastly, it is worth noting that there was variation in
the cut-off value for ALI across different cohorts (ranging
from 24.81 to 40.50), which could potentially impact its
validity and applicability in clinical practice.

Conclusions

The findings of the present study demonstrate that pre-
operative ALJ, an easily measurable biomarker associated
with host inflammation and nutrition, holds significant
predictive value for survival outcomes in gastric cancer
patients who underwent curative gastrectomy. How-
ever, further validation of ALIs utility in this population
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necessitates high-quality prospective studies with large
sample sizes.
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