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Abstract 

Background  Lymphocyte-activation gene 3 (LAG3) is a recently discovered immune checkpoint molecule 
that has been linked to immunosuppression and the advancement of cancer in different types of solid tumors. This 
study aimed to evaluate the prognostic importance of LAG3 and its role in the immune system within solid tumors.

Methods  Extensive literature searches were conducted using the Pubmed, EMBASE, and Cochrane Library databases 
to identify relevant studies exploring the effect of LAG3 on survival outcomes. Pooled hazard ratios (HRs) with its 95% 
confidence intervals (CIs) were calculated to evaluate the prognostic values of LAG3. Afterwards, subgroup analysis 
and sensitivity analysis were conducted. Pan-cancer analysis investigated the possible relationships between LAG3 
expression and genetic alterations, RNA methylation modification-related genes, genomic instability, immune check-
point genes, and infiltration of immune cells.

Results  A total of 43 studies with 7,118 patients were included in this analysis. Higher expression of LAG3 was associ-
ated with worse overall survival (HR = 1.10, 95% CI 1.01–1.19, P = 0.023), but not disease-free survival (HR = 1.41, 95% 
CI 0.96–2.07, P = 0.078), progression-free survival (HR = 1.12, 95% CI 0.90–1.39, P = 0.317) or recurrence-free survival 
(HR = 0.98, 95% CI 0.81–1.19, P = 0.871). Subgroup analysis showed that LAG3 might play different prognostic roles 
in different solid tumors. LAG3 expression was positively associated with immune cell infiltration and immune 
checkpoint genes in all of the cancers included. LAG3 expression was also found to be associated with microsatel-
lite instability (MSI), copy number variation (CNV), simple nucleoside variation (SNV), tumor mutation burden (TMB), 
and neoantigen in various types of cancers.

Conclusions  Elevated expression of LAG3 is linked to poorer prognosis among patients diagnosed with solid can-
cers. LAG3 might play varying prognostic roles in different types of solid tumors. Given its substantial involvement 
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in cancer immunity and tumorigenesis, LAG3 has garnered attention as a promising prognostic biomarker 
and a potential target for immunotherapy.

Keywords  LAG3, Solid tumor, Prognosis, Systematic review, Meta-analysis, Pan-cancer analysis

Introduction
Accumulating evidence has substantiated the significant 
involvement of the tumor microenvironment (TME) in 
the initiation, development, progression, and immune 
evasion of human tumors [1]. Several immune check-
point molecules, such as programmed cell death 1 (PD-1) 
and its ligand (PD-L1), along with cytotoxic T lympho-
cyte antigen 4 (CTLA-4), have been identified as being 
connected to the development of an immunosuppres-
sive TME and immune evasion in various types of can-
cer [2]. During the past few decades, immune checkpoint 
inhibitors (ICIs) have demonstrated effectiveness in 
clinical practice for the management of diverse malig-
nancies, resulting in satisfactory therapeutic outcomes 
[3, 4]. However,  the effectiveness of ICIs is limited to a 
small subset of cancer patients due to either inherent or 
acquired resistance [4, 5]. Consequently, the identifica-
tion of novel immune checkpoint molecules, which are 
correlated with the efficacy of immunotherapy and prog-
nosis, is imperative.

Discovered by Triebel et  al. in 1990, Lymphocyte-
activation gene 3 (LAG3), also referred to as CD223, is 
a newly identified immune checkpoint molecule that 
shares a similar structure to CD4. It is found in activated 
T cells and natural killer (NK) cells and has been impli-
cated in playing a significant role in immune regulation 
[6, 7]. LAG3 is expressed on activated CD4+ T cells, 
CD8+ T cells and regulatory T cells (Tregs), but also 
on NK cells, activated B cells and dendritic cells (DCs) 
[8–10]. It has been widely reported that LAG3 is an 
inhibitory co-receptor that plays a pivotal role in the dys-
function of antitumor immunity and the formation of an 
immunosuppressive TME [11]. In recent years, there has 
been a growing interest in investigating the prognostic 
significance of LAG3. However, the findings from various 
studies have yielded conflicting results, leading to a state 
of controversy in the field.

This study presents a meta-analysis aimed at provid-
ing a quantitative summary of the relationship between 
LAG3 expression and prognosis in individuals diagnosed 
with solid tumors. Furthermore, a pan-cancer bioinfor-
matic analysis was performed to investigate the correla-
tion between LAG3 expression and the tumor immune 
microenvironment. This study might provide additional 
evidence regarding the clinical significance of LAG3 as a 
prognostic biomarker and as a potential therapeutic tar-
get for LAG3-directed immunotherapy.

Materials and methods
Meta analysis
Protocol and ethics statement
This systematic review and meta-analysis adhered to the 
guidelines set forth by the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) and 
the Meta-Analysis of Observational Studies in Epidemi-
ology (MOOSE) [12, 13]. The protocol for this system-
atic review and meta-analysis has been registered on the 
INPLASY website (https://​inpla​sy.​com/​inpla​sy-​2023-8-​
0073), with the registration number INPLASY202380073. 
Since the data utilized in this meta-analysis originated 
from previously published studies, ethical approval and 
patients’ consent were deemed unnecessary for this 
study.

Databases and search strategy
The literature review was conducted by searching three 
online databases, namely PubMed, EMBASE, and the 
Cochrane Library, until June 4th, 2023. The search strat-
egy included Medical Subject Headings (MeSH) terms 
such as "neoplasms" and "LAG3", as well as relevant 
free terms obtained from PubMed. Two Boolean opera-
tors, "AND" and "OR", were used to combine keywords 
and free terms in all possible combinations. The detailed 
search strategies for each database can be found in Addi-
tional file 7: Table S1. Two authors (Rongyang Li and Jian-
hao Qiu) independently evaluated and cross-checked the 
articles. Additionally, the reference lists of excluded pub-
lications were manually reviewed to identify any addi-
tional viable non-duplicate studies. Any discrepancies 
between the reviewers were resolved through discussion.

Study selection and criteria
The inclusion criteria were as follows: (I) Studies involv-
ing patients diagnosed with solid tumors; (II) Studies 
reporting the expressions of LAG3 in tumor cells and/
or tumor-infiltrating lymphocytes (TILs), with patients 
divided into high and low LAG3 expression groups; (III) 
Studies providing hazard ratios (HRs) and correspond-
ing 95% confidence intervals (CIs) for LAG3 and survival 
outcomes; (IV) randomized clinical trials, cohort stud-
ies, or case–control studies; (V) Publications in English 
language.

The exclusion criteria were as follows: (I) Ineligible arti-
cle types including reviews, meta-analyses, case reports, 
conference abstracts, letters and comments; (II) Animal 

https://inplasy.com/inplasy-2023-8-0073
https://inplasy.com/inplasy-2023-8-0073
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studies or basic experimental research; (III) Studies with-
out sufficient data for analyses; (IV) Studies from the 
same center with patients overlap; (V) Studies published 
in languages other than English.

Data extraction
Two reviewers (Rongyang Li and Jianhao Qiu) conducted 
an independent assessment of eligible studies and col-
lected the necessary data using predetermined forms. 
Each study provided the following information: (I) pub-
lication details: authors, year of publication, and country; 
(II) study-related details: study design, analysis method, 
LAG3 expression level and location, LAG3 cut-off values, 
methods used to evaluate LAG3 expression, and survival 
outcomes; (III) demographic information: sample size, 
cancer type, and treatment; (IV) outcome data: HRs and 
corresponding 95% CIs for overall survival (OS), disease-
free survival (DFS), progression-free survival (PFS), and 
recurrence-free survival (RFS). The primary objective of 
this meta-analysis was to assess OS, while DFS, PFS, and 
RFS served as secondary outcomes. Unpublished data 
from authors were not sought. In cases where a study 
included both univariate and multivariate analyses, the 
results of the multivariate analysis were utilized for fur-
ther meta-analysis.

Quality assessment
The quality of the cohort studies deemed eligible was 
assessed utilizing the Newcastle–Ottawa Quality Assess-
ment Scale (NOS) [14]. Subsequently, studies with scores 
of 6 or higher were considered suitable for inclusion in 
further meta-analysis. Two investigators (Rongyang Li 
and Jianhao Qiu) independently evaluated the quality of 
each study, and any discrepancies in the assessment were 
resolved through discussion.

Pan‑cancer analysis
Data preparation
We downloaded the harmonized and standardized pan-
cancer dataset: TCGA TARGET GTEx (PANCAN, 
N = 19,131, G = 60,499) from the UCSC (https://​xenab​
rowser.​net/) database [15], then we extracted the expres-
sion data of the ENSG00000089692 (LAG3) gene, 44 
marker genes for three classes of RNA modifications 
genes, and 60 marker genes of two classes of immune 
checkpoint pathways in each sample from solid tissue 
normal, primary solid tumor, primary tumor, and normal 
tissue. Furthermore, we performed log2(x + 0.001) trans-
formation for each expression value, and we also excluded 
the cancer types with less than 3 samples in a single can-
cer type. Finally, the expression data of tumor species 
mentioned in the meta-analysis were obtained, includ-
ing colon adenocarcinoma (COAD), bladder urothelial 

carcinoma (BLCA), colon adenocarcinoma and rectum 
adenocarcinoma (COADREAD), breast invasive carci-
noma (BRCA), cervical squamous cell carcinoma and 
endocervical adenocarcinoma (CESC), esophageal car-
cinoma (ESCA), liver hepatocellular carcinoma (LIHC), 
head and neck squamous cell carcinoma (HNSC), kidney 
renal clear cell carcinoma (KIRC), lung adenocarcinoma 
(LUAD), lung squamous cell carcinoma (LUSC), ovar-
ian serous cystadenocarcinoma (OV), rectum adenocar-
cinoma (READ), pancreatic adenocarcinoma (PAAD), 
sarcoma (SARC), skin cutaneous melanoma (SKCM), 
stomach adenocarcinoma (STAD), stomach and esopha-
geal carcinoma (STES), thyroid carcinoma (THCA), and 
uterine corpus endometrial carcinoma (UCEC).

Differential expression analysis
The differences in LAG3 expression levels between nor-
mal samples and tumor samples within each type of solid 
tumor were assessed using the unpaired Wilcoxon-rank 
sum and signed-rank tests. The results were then visual-
ized using a violin plot.

Genetic alteration and RNA methylation modification 
analysis
The level 4 data set for simple nucleoside variation (SNV) 
and copy number variation (CNV) of all TCGA samples 
processed using MuTect2 [16] and GISTIC [17] soft-
ware were obtained from the GDC database (https://​
portal.​gdc.​cancer.​gov/). The correlation between LAG3 
expression and CNV and SNV was visualized using box-
plots. Additionally, the domain information of LAG3 was 
obtained from the "maftools" package in R software. To 
illustrate the distribution of protein mutations and their 
corresponding domains, a lollipop plot was used.

RNA methylation modifications encompass various 
types such as N1-methyladenosine (m1A), 5-methylcy-
tidine (m5C), and N6-methyladenosine (m6A). These 
modifications are regulated by genes categorized as writ-
ers, readers, and erasers. In this study, we investigated 
the association between the expression of LAG3 and 
genes associated with RNA methylation modifications 
across diverse solid tumor types using spearman correla-
tion analysis.

Genomic instability and immune infiltration analysis
Genomic instability was evaluated based on tumor muta-
tion burden (TMB), microsatellite instability (MSI), and 
neoantigen (NEO) levels. Sangerbox platform (http://​
www.​sange​rbox.​com/) was used to evaluate the rela-
tionship of LAG3 expression with genomic instability in 
tumors by means of the Spearman correlation coefficient 
[18].

https://xenabrowser.net/
https://xenabrowser.net/
https://portal.gdc.cancer.gov/
https://portal.gdc.cancer.gov/
http://www.sangerbox.com/
http://www.sangerbox.com/
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The infiltration score of tumor-infiltrating immune 
cells was calculated using the CIBERSORT [19] and 
TIMER [20] methods, which are available in the "IOBR" 
package of the R software [21]. In addition, we explored 
the relationship between LAG3 and 60 immune check-
point genes using spearman correlation analysis. Heat-
map plots were used to visualize the results.

Protein − protein interaction network and enrichment 
analysis
The protein–protein interaction (PPI) network was 
constructed using the GeneMANIA platform (http://​
www.​genem​ania.​org) [22]. The top 20 genes associ-
ated with LAG3 were used to perform Gene Ontology 
(GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) enrichment analyses by “clusterProfiler” 
package in R software. The GO enrichment analyses 
consisted of terms related to biological process (BP), 
cellular component (CC), and molecular function (MF).

Statistical analysis
Pooled HRs and 95% CIs were calculated to assess the 
prognostic significance of LAG3 in patients with solid 
tumors. In this study, random-effects models were uti-
lized to calculate pooled effect sizes and reduce poten-
tial bias. The heterogeneity level was quantified using 
the Cochrane Q test and I2 statistics, with an I2 value 
greater than 50% indicating substantial heterogene-
ity [23]. Subgroup analyses were conducted to assess 
the impact of different cancer types and the location 
of LAG3 expression. Funnel plots were used to evalu-
ate potential publication bias. Sensitivity analyses 
were performed to verify the stability of the pooled 
estimates, wherein the influence of each study on the 
overall estimates was examined by sequentially exclud-
ing individual studies. The statistical significance of 
the difference between two groups was assessed using 
the Wilcoxon-rank sum and signed-rank tests, while 
the Kruskal test was used to examine the difference 
among multiple groups. The correlation between LAG3 
expression and another variable was assessed using 
Spearman correlation analysis. A 2-sided P value of less 
than 0.05 was defined as statistical significance. P val-
ues below 0.05, 0.01, and 0.001 were denoted as "*", "**", 
and "***", respectively. All statistical analyzes were con-
ducted using the Stata (version 15.1; Stata Corp, Col-
lege Station, TX, USA), R version 4.3.1 (R Development 
Core Team, Vienna, Austria) and Sangerbox platform 
(http://​www.​sange​rbox.​com/) [18].

Results
Meta‑analysis
Literature search
A flow diagram outlining the literature search process 
is presented in Fig.  1. A total of 1,477 potential studies 
were identified, including 570 from PubMed, 839 from 
EMBAS, 64 from the Cochrane Library, and 4 relevant 
studies yielded from the reference list. One thousand and 
forty-nine studies remained after duplicate publications 
were removed. After screening of the titles and abstracts 
of remained studies, nine hundred and forty-three stud-
ies were excluded, and the full texts of 106 studies were 
reviewed. Finally, forty-three studies with 7,118 patients 
were included in this meta-analysis [24–66].

Characteristics of the included studies
The baseline characteristics and methodological assess-
ment of included studies are presented in Table 1. All 43 
studies were retrospective cohort studies conducted in 12 
countries around the world. The publication dates of the 
included studies ranged from 2015 to 2023, and the sam-
ple sizes of the included studies ranged from 25 to 564. 
Eight studies reported the survival outcome of BRCA [24, 
26, 27, 51, 54–56, 60], seven studies reported the survival 
outcome of ESCA [25, 28, 30, 32, 59, 61, 64], five studies 
reported the survival outcome of HNSC [29, 43, 46, 50, 
57], and three studies reported the survival outcome of 
OV [31, 37, 62]. Two studies each explored the survival 
outcome of patients with BLCA [36, 63], COAD [39, 49], 
LIHC [34, 42], THCA [44, 53], STAD [45, 47], and SKCM 
[38, 40]. Only one study each reported the survival out-
come of non-small cell lung cancer (NSCLC) [35], CESC 
[66], KIRC [33], SARC [41], READ [48], COADREAD 
[58], PAAD [52], and UCEC [65]. Thirty-two of the 
included studies reported the correlation between LAG3 
expression and OS [24–35, 37, 38, 40, 42, 44–47, 50, 51, 
54–59, 62–64, 66], fourteen reported the correlation 
LAG3 expression and DFS [24–26, 33, 34, 39, 42, 43, 45, 
46, 48, 49, 52, 60], ten reported the correlation between 
LAG3 expression and PFS [37, 38, 41, 47, 50, 61–64, 66], 
and eight reported the correlation between LAG3 expres-
sion and RFS [27, 31, 35, 36, 53, 55, 59, 65]. The NOS 
scores of included studies ranged from 7 to 9, indicating 
the overall quality was high. The detailed quality assess-
ment is presented in Additional file 8: Table S2.

Overall survival
Thirty-two studies involving 5,558 patients investi-
gated the correlation between LAG3 expression and OS 
[24–35, 37, 38, 40, 42, 44–47, 50, 51, 54–59, 62–64, 66]. 
The pooled analysis indicated that increased expression 
of LAG3 was associated with worse OS in patients with 

http://www.genemania.org
http://www.genemania.org
http://www.sangerbox.com/
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solid tumors (HR = 1.10, 95% CI 1.01–1.19, P = 0.023), 
with significant heterogeneity (I2 = 70.5%, P < 0.001), as 
shown in Fig.  2. To further investigate the prognostic 
significance of LAG3, we performed subgroup analy-
ses according to cancer types and the location of LAG3 
expression. The results of subgroup analyses of OS 
are presented in Table  2 and Additional file  1: Fig. S1. 
Subgroup analysis based on tumor type showed that 
higher expression of LAG3 was correlated with worse 
OS in patients with CESC (HR = 1.76, 95% CI 1.03–
3.00, P = 0.038), LIHC (HR = 1.76, 95% CI 1.08–2.87, 

P = 0.024), and SKCM (HR = 1.92, 95% CI 1.15–3.22, 
P = 0.013). There was no significant prognostic value 
of LAG3 expression found in the OS for BLCA, BRCA, 
COADREAD, ESCA, HNSC, OV, KIRC, NSCLC, THCA, 
and STAD (P > 0.05). Additionally, we found that higher 
LAG3 expression in tumor-infiltrating lymphocytes 
(TILs) was associated with shorter OS (HR = 1.16, 95% 
CI 1.02–1.31, P = 0.021). However, there was no signifi-
cant correlation between LAG3 expression in tumor cells 
(TCs) or tumor-associated macrophages (TAMs) and OS 
(P > 0.05).

Fig. 1  PRISMA flow diagram of literature retrieval. PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses
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Disease‑free survival
Fourteen studies involving 2,026 patients investigated 
the correlation between the expression of LAG3 and 
DFS [24–26, 33, 34, 39, 42, 43, 45, 46, 48, 49, 52, 60]. 
The pooled analysis showed that there was no signifi-
cant correlation between LAG3 expression and DFS 
(HR = 1.41, 95% CI 0.96–2.07, P = 0.078), as shown in 
Fig.  3. Subgroup analysis based on tumor type indi-
cated that higher expression of LAG3 was correlated 
with worse DFS in patients with ESCA (HR = 2.86, 
95% CI 1.03–7.94, P = 0.044), KIRC (HR = 8.92, 95% CI 

2.40–33.18, P = 0.001), LIHC (HR = 1.62, 95% CI 1.08–
2.41, P = 0.019), PAAD (HR = 1.94, 95% CI 1.20–3.14, 
P = 0.007), and STAD (HR = 2.65, 95% CI 1.53–4.58, 
P < 0.001). However, increased expression of LAG3 
was associated with better DFS in patients with COAD 
(HR = 0.31, 95% CI 0.15–0.64, P = 0.001). There was no 
significant prognostic value of LAG3 expression found 
in the DFS for BRCA, HNSC, and READ (P > 0.05). 
Additionally, there was no significant correlation 
between LAG3 expression in TCs or TILs and DFS 
(P > 0.05) (Table 2 and Additional file 2: Figure S2).

Fig. 2  Forest plot of the correlation between LAG3 and overall survival (OS) in patients with solid tumors. HR, hazard ratio; CI, confidence interval
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Progression‑free survival
Ten studies involving 1,535 patients investigated the cor-
relation between the expression of LAG3 and PFS [37, 
38, 41, 47, 50, 61–64, 66]. The pooled analysis showed 
that there was no significant correlation between LAG3 
expression and PFS (HR = 1.12, 95% CI 0.90–1.39, 
P = 0.317), as shown in Fig.  4. Subgroup analysis based 
on tumor type indicated that higher expression of LAG3 
was correlated with worse PFS in patients with BLCA 
(HR = 1.58, 95% CI 1.12–2.23, P = 0.010) and SARC 
(HR = 1.10, 95% CI 1.02–1.19, P = 0.016). However, 
increased expression of LAG3 was associated with better 
PFS in patients with STAD (HR = 0.27, 95% CI 0.11–0.68, 
P = 0.005). There was no significant prognostic value of 
LAG3 expression was found in the PFS for CESC, ESCA, 
HNSC, OV and SKCM (P > 0.05). Additionally, we found 
that higher LAG3 expression in TCs was associated with 
shorter PFS (HR = 1.10, 95% CI 1.02–1.19, P = 0.014), 
while there was no significant correlation between LAG3 

expression in TILs or TAMs and PFS (P > 0.05) (Table 2 
and Additional file 3: Figure S3).

Recurrence‑free survival
Eight studies involving 2,049 patients investigated the 
correlation between the expression of LAG3 and RFS 
[27, 31, 35, 36, 53, 55, 59, 65]. The pooled analysis indi-
cated no significant correlation between LAG3 expres-
sion and RFS (HR = 0.98, 95% CI 0.81–1.19, P = 0.871), 
as shown in Fig.  5. Subgroup analysis based on tumor 
type indicated that higher expression of LAG3 was cor-
related with worse RFS in patients with ESCA (HR = 1.72, 
95% CI 1.06–2.79, P = 0.028). However, increased expres-
sion of LAG3 was associated with better RFS in patients 
with BRCA (HR = 0.87, 95% CI 0.78–0.97, P = 0.01) and 
OV (HR = 0.50, 95% CI 0.29–0.85, P = 0.01). No signifi-
cant prognostic value of LAG3 expression was found in 
the RFS for BLCA, NSCLC, THCA, and UCEC (P > 0.05). 
Additionally, there was no significant correlation between 

Fig. 3  Forest plot of the correlation between LAG3 and disease-free survival (DFS) in patients with solid tumors. HR, hazard ratio; CI, confidence 
interval
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LAG3 expression in TCs or TILs and RFS (P > 0.05) 
(Table 2 and Additional file 4: Figure S4).

Sensitive analysis and publication bias
We conducted a sensitivity analysis by sequentially 
excluding individual studies. For each component anal-
ysis, none of the HRs based on the remaining studies 
exceeded the estimated range. There was also no signifi-
cant change observed between the adjusted pooled esti-
mates and the main aggregate estimates, as depicted in 
Additional file 5: Figure S5. The robustness of our meta-
analyses was thus confirmed. In addition, no publication 
bias was detected by funnel plots (Additional file 6: Fig-
ure S6).

Pan‑cancer analysis
Differential expression of LAG3 between normal and tumor 
samples
LAG3 expression was significantly upregulated in 8 
tumors investigated in this study, including BRCA 

(tumor: 1.00 ± 1.60, normal: 0.20 ± 0.88, P = 1.1e-16), 
ESCA (tumor: 1.44 ± 1.51, normal: 0.85 ± 1.43, P = 5.6e-
5), STES (tumor: 1.70 ± 1.51, normal: 0.78 ± 1.48, 
P = 5.4e-27), STAD (tumor: 1.81 ± 1.50, normal: 
0.56 ± 1.63, P = 2.0e-19), HNSC (tumor: 1.80 ± 1.72, 
normal: –  0.11 ± 1.15, P = 3.0e-12), KIRC (tumor: 
1.59 ± 1.86, normal: -0.96 ± 1.58, P = 2.7e-47), SKCM 
(tumor: 1.32 ± 2.15, normal: -0.22 ± 0.90, P = 1.8e-
13), PAAD (tumor: 0.61 ± 1.22, normal: –  2.59 ± 1.50, 
P = 1.0e-48). However, the expression of LAG3 was sig-
nificant downregulated in 7 tumors, including UCEC 
(tumor: 1.85 ± 1.66, normal: 2.42 ± 0.96, P = 0.04), 
COAD (tumor: 0.58 ± 1.55, normal: 1.73 ± 1.56, 
P = 1.7e-30), COADREAD (tumor: 0.53 ± 1.48, nor-
mal: 1.72 ± 1.54, P = 4.3e-39), LIHC (tumor: 0.39 ± 1.61, 
normal: 1.07 ± 1.03, P = 5.1e-11), THCA (tumor: 
–  0.05 ± 1.68, normal: 0.29 ± 1.56, P = 6.6e-4), READ 
(tumor: 0.36 ± 1.23, normal: 1.47 ± 0.71, P = 3.4e-3), OV 
(tumor: 1.53 ± 1.53, normal: 4.36 ± 0.76, P = 4.1e-42). 
No significant difference was observed between cancer 

Fig. 4  Forest plot of the correlation between LAG3 and progression-free survival (PFS) in patients with solid tumors. HR, hazard ratio; CI, confidence 
interval
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Fig. 5  Forest plot of the correlation between LAG3 and recurrence-free survival (RFS) in patients with solid tumors. HR, hazard ratio; CI, confidence 
interval

Fig. 6  Transcriptomic expression differences of LAG3 between tumor and normal tissues in 19 kinds of cancers. *P < 0.05, **P < 0.01, ***P < 0.001, 
****P < 0.0001
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Fig. 7  Genetic alteration of LAG3 in pan-cancer. A Correlation between LAG3 expression and copy number variation (CNV). B Correlation 
between LAG3 expression and single nucleotide variant (SNV). C Mutation diagram of LAG3 in different tumor types across protein domains. 
*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001
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and normal samples in BLCA, CESE, LUAD, and LUSC 
(P > 0.05) (Fig. 6).

Influence of CNV and SNV on the expression of LAG3
The expression level of LAG3 in patients with CNV 
and SNV, and mutation landscape of LAG3 in different 
tumors across protein domains are presented in Fig. 7. 
LAG3 expression was significantly upregulated in CNV 
neutrals than in CNV gains in SARC and STAD. How-
ever, LAG3 expression was higher in CNV gains than in 
CNV neutrals in BRAC and LUSC. Additionally, LAG3 
expression was significantly upregulated in CNV neu-
trals and CNV losses in STAD and STES. As for SNV, 
the expression of LAG3 was increased in SNV muta-
tion than in SNV wild type in LUSC and UCEC. Mis-
sense mutations were found to be the most common 
type among the included tumors. In-frame deletion 
only occurred in LIHC. Moreover, SKCM presented the 
highest mutation frequency (2.9%).

RNA methylation modification‑related gene analysis
The correlation between LAG3 and RNA methylation 
modification-related genes is illustrated in Fig. 8. In the 
majority of tumors, positive associations were observed 
between the expression of LAG3 and most genes related 
to RNA methylation modifications. However, in certain 
tumor types, such as THCA, predominantly negative 
associations were identified. Briefly, our analysis indi-
cated that the expression of LAG3 is likely to have signifi-
cant impacts on RNA methylation modifications within 
tumors.

Relationship between LAG3 expression and TMB, MSI 
and NEO
Given the crucial roles that TMB, MSI, and NEO play 
in predicting the response to immune therapy, we con-
ducted Spearman correlation analyses to examine the 
associations between LAG3 expression and these factors. 
In BRCA, COAD, COADREA, LUAD, PAAD, READ, 
SARC, and UCEC, the expression of LAG3 was found to 

Fig. 8  Spearman correlation of LAG3 expression with RNA methylation modifications-related gene including m1A, m5C and m6A in pan-cancer. 
*P < 0.05, **P < 0.01, ***P < 0.001, ****P < 0.0001
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be positively correlated with TMB (Fig. 9A). In addition, 
LAG3 expression was negatively related to MSI in ESCA 
and OV, but positively related to MSI in BRCA, COAD, 
COADREAD, LUAD, and THCA (Fig. 9B). Moreover, the 
expression of LAG3 was positively associated with NEO 
in BRCA, COAD, COADREAD, LUAD, PAAD, READ, 
SARC, and UCEC (Fig. 9C). The results provided reliable 
evidence of a significant correlation between LAG3 and 
tumor immunity.

Immune infiltration analysis
The correlation between LAG3 expression and immune 
cell infiltration was evaluated using two algorithms 
(CIBERSORT and TIMER). As shown in Fig.  10A, the 
expression of LAG3 was positively correlated with the 
infiltrating score of M1 macrophage and CD8+ T cells 

in all of tumor types we analyzed. LAG3 expression was 
negatively associated with activated dendritic cells (DC), 
activated mast cells, and eosinophils in most of the can-
cers included. Moreover, the expression of LAG3 was 
observed to have a positive correlation with the infil-
tration of B cells, CD4+ and CD8+ T cells, neutrophils, 
macrophages, and DC in the majority of tumors, as 
determined by the TIMER algorithm (Fig. 10B).

Additionally, we investigated the relationship between 
LAG3 and 60 immune checkpoint genes using Spear-
man correlation analysis. The results demonstrated a 
significant correlation between LAG3 and a majority of 
immune-inhibitors and immune-stimulators, indicating 
a significant co-expression relationship. Notably, LAG3 
expression demonstrated a positive association with 
the expression of several immune regulatory proteins, 

Fig. 9  Correlation between LAG3 expression with genomic instability in pan-cancer. A Spearman correlation between LAG3 expression and TMB. 
B Spearman correlation between LAG3 expression and MSI. C Spearman correlation between LAG3 expression and NEO. TMB, tumor mutation 
burden; MSI, microsatellite instability; NEO, neoantigen

Fig. 10  Correlation between LAG3 expression and immune cell infiltration in pan-cancer by the A CIBERSORT and B TIMER. *P < 0.05, **P < 0.01; 
***P < 0.001; ****P < 0.0001
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Fig. 11  Spearman correlation between LAG3 expression and 60 immune checkpoint genes in pan-cancer. *P < 0.05, **P < 0.01; ***P < 0.001; 
****P < 0.0001
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including programmed cell death protein 1 (PDCD1), 
CTLA-4, T-cell immunoglobulin and immunoreceptor 
tyrosine-based inhibitory motif domain (TIGIT), hepa-
titis A virus cellular receptor 2 (HAVCR2), interleukin 
10 (IL-10), indoleamine 2,3-dioxygenase 1 (IDO1), B- 
and T-lymphocyte attenuator (BTLA), and transforming 
growth factor beta 1 (TGFB1) in the majority of tumors 
( Fig. 11).

Construction of PPI network and enrichment analysis
We used the GeneMANIA online program to construct 
a protein–protein interaction (PPI) network of the top 
20 genes that interacted with LAG3, which is illustrated 
in Fig.  12A. The results of  KEGG analysis showed that 
genes were mainly enriched in cytokine-cytokine recep-
tor interaction, viral protein interaction with cytokine 
and cytokine receptor, human T-cell leukemia virus 1 
infection, Th17 cell differentiation, and Jak-STAT sign-
aling pathway (Fig. 12B). Genes in the GO analysis were 
most enriched in the BP of regulation of leukocyte activa-
tion (Fig. 12C), the CC of external side of plasma mem-
brane (Fig. 12D), and the MF of cytokine receptor activity 
(Fig. 12F).

Discussion
In recent years, there has been a growing body of litera-
ture examining the relationship between LAG3 expres-
sion and survival outcomes in different types of cancer. 
However, the prognostic significance of LAG3 in patients 
with solid tumors remains a topic of debate. In the pre-
sent meta-analysis, we analyzed the data of 43 studies 
with 7,118 patients and quantitatively investigated the 
prognostic value of LAG3 in patients with solid tumors. 
The pooled analysis results revealed a significant asso-
ciation between higher expression of LAG3 and worse 
OS, but no significant associations with DFS, PFS or 
RFS. Subgroup analysis showed that LAG3 might play 
different prognostic roles in different solid tumors. Fur-
thermore, pan-cancer bioinformatic analysis revealed 
that LAG3 was associated with genetic alterations, RNA 
methylation modification-related genes, genomic insta-
bility, immune checkpoint genes, and infiltration of 
immune cells. The results of this study suggested that 
LAG3 might be a potential prognostic marker and cancer 
immunotherapy target.

The LAG3 gene is composed of eight exons and is 
located on chromosome 12, adjacent to the CD4 gene, 
exhibiting a comparable intron–exon organization [6]. 
LAG3, as a co-inhibitory receptor, is primarily expressed 
on the surface of activated T cells (CD4+T cells and 
CD8+T cells), NK cells, B cells, and DCs in physiologi-
cal conditions, and its primary role is to exert negative 
regulation on T cell function [67]. The ligands of LAG3 

include major histocompatibility complex (MHC) class II 
molecules, fibrinogen-like protein 1 (FGL-1), alpha-synu-
clein (α-syn), galectin 3 (Gal-3), and LSECtin [68–71]. As 
an immune checkpoint, LAG3 inhibits the activation of 
host immune cells and suppresses immune responses [72, 
73]. Previous studies have provided evidence suggesting 
that LAG3 acts as an immune checkpoint, conferring 
immunosuppressive properties and facilitating tumor 
progression within the TME. For example, by binding to 
its ligands and mediation of inhibitory cytokines secre-
tion by Tregs, LAG3 can negatively regulate the activa-
tion, proliferation, effector function, and homeostasis 
of both CD8+ and CD4+ T cells [63, 74, 75]. LAG3 also 
exhibits a synergistic effect with PD-1/PD-L1 in the sup-
pression of antitumor immune responses [76, 77]. Con-
sequently, this indicates a negative prognostic value of 
LAG3 across different cancer types [29, 63]. It has been 
reported that the concurrent administration of LAG3 
inhibitors alongside anti-PD-1 or PD-L1 agents can 
result in an enhanced effect [78, 79]. Moreover, current 
clinical investigations are being conducted to assess the 
efficacy of these combinations. To develop novel mole-
cule-targeted immunotherapy, more studies are required 
to determine the biochemical and molecular pathways 
through which LAG3 influences immune responses and 
tumor growth.

Due to its significant involvement in the formation 
of the tumor immunosuppressive microenvironment, 
LAG3 is anticipated to be correlated with an unfavora-
ble prognosis in cancer patients. However, a previously 
published meta-analysis showed that the overexpression 
of LAG3 was correlated with a more favorable OS in sev-
eral types of cancer, which could be attributed to the lim-
ited number of included studies and the enrollment of a 
large number of patients with early-stage cancer [80]. In 
contrast to prior research, we found that higher expres-
sion of LAG3 was associated with worse OS in patients 
with solid tumors. The inclusion of 43 studies involv-
ing 18 types of solid tumors increases the confidence of 
our results to some extent. Subgroup analyses based on 
tumor type indicated that higher LAG3 expression was 
significantly correlated with worse survival outcomes in 
BLCA, CESE, ESCA, KIRC, LIHC, PAAD, SARC, and 
SKCM. Interestingly, we found that higher expression 
of LAG3 was associated with better DFS of COAD, RFS 
of BRAC and OV. Similarly, Hu et  al. reported that the 
infiltration of LAG3+ lymphocytes ameliorated OS in 
patients with triple-negative breast cancer [81]. There-
fore, LAG3 might potentially serve as a favorable prog-
nostic biomarker for BRCA. Considering the limited 
number of included studies, it is essential to conduct fur-
ther investigations in future research studies to explore 
the prognostic significance of LAG3 in COAD and OV. 



Page 19 of 24Li et al. Cancer Cell International          (2023) 23:306 	

Fig. 12  Visualization and enrichment analysis for genes that interacted with LAG3. A PPI network. B KEGG enrichment analysis. C GO-BP analysis. 
D GO-CC analysis. E GO-MF analysis. PPI, protein–protein interaction; KEGG, Kyoto Encyclopedia of Genes and Genomes; GO, Gene Ontology; BP, 
biological process; CC, cellular component; MF, molecular function
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Although it is indeed possible that specific similari-
ties or tumor traits that influence how LAG3 influences 
patient outcomes, we could not identify them at present 
due to the limited number of studies. In addition, sub-
group analyses based on the location of LAG3 expression 
showed that higher expression of LAG3 in both TCs and 
TILs was associated with poorer survival outcomes, sug-
gesting LAG3 has the potential to be used as a prognostic 
biomarker for patients with solid tumors, regardless of its 
expression location.

It is worth noting that combining LAG3 with other 
biomarkers may improve prognosis and treatment 
response prediction in patients with cancer. In LIHC, 
the co-expression of FGL-1 and LAG3 is inversely asso-
ciated with the number of CD8+T cells, which predict a 
poor survival [34]. In gastric cancer, the co-expression of 
PD-1 and LAG3 is indicative of improved PFS, and the 
co-expression of TIM3 and LAG3 is associated with bet-
ter OS and PFS [47]. Additionally, LAG3 combined with 
PD-1/PD-L1 may serve as a predictor of immunotherapy 
treatment effectiveness in primary pulmonary lymphoe-
pithelioma-like carcinoma [82]. However, the specific 
molecular and biological mechanisms through which 
LAG3 and PD-1/PD-L1 act synergistically have not yet 
been elucidated. Future research is supposed to further 
investigate the possible synergy between LAG3 and other 
biomarkers in predicting cancer prognosis and treat-
ment response. However, there is still some way from the 
clinical application of LAG3 as a prognostic biomarker 
because the role of LAG3 in prognosis prediction is con-
troversial in different solid tumors. Further multicenter 
prospective randomized controlled trials with larger 
sample sizes are required before its clinical application.

Tumor-infiltrating immune cells have the ability to 
either facilitate or hinder the development and progres-
sion of tumors [83]. The consistent association of LAG3 
expression levels and the infiltration of LAG3+ immune 
cells within the TME with tumor progression and unfa-
vorable prognosis across diverse human tumor types 
strongly indicates the involvement of LAG3 in a PD-
1-like tumor immune escape mechanism [77]. LAG3 can 
exhaust activated T cells and up-regulate the function of 
Tregs to reduce the immune response [72]. Furthermore, 
LAG3 has the capability to suppress the proliferation 
and activity of T cells and NK cells through its media-
tion of IL-10 and IL-35 secretion by Treg [84]. In this 
study, we found that high LAG3 expression increased 
the infiltration levels of CD8+ T cells, M1 macrophage, 
Tregs, activated memory CD4+ T cells, follicular helper 
T cell, and activated NK cells in most of the solid tumors 
included. Moreover, a noteworthy correlation was iden-
tified between LAG3 expression and a majority of other 
immune checkpoints, such as PDCD1, CTLA-4, TIGIT, 

and HAVCR2. The results suggested that LAG3 might 
play a pivotal role in various immune responses and the 
infiltration of immune cells. Consequently, the simulta-
neous inhibition of LAG3 and other immune checkpoints 
could potentially be considered as a novel approach for 
immunotherapy. The TMB, MSI, and NEO are three 
significant indicators for predicting the sensitivity and 
therapeutic effect of immune checkpoint inhibitors 
[85, 86]. In this study, we found a positive correlation 
between LAG3 expression and TMB, MSI, and NEO in 
BRCA, COAD, COADREAD, and LUAD, suggesting 
that patients with these tumors may potentially benefit 
from LAG3 inhibitors. Consequently, LAG3 emerges as a 
potentially valuable biomarker for predicting the efficacy 
of immunotherapy.

Previous studies have reported that RNA methylation 
could influence LAG3’s function in tumor immunity. 
For example, tumor-intrinsic protein and LAG3 mRNA 
expression are linked to methylation regulation in KIRC. 
The hypomethylation of the LAG3 promoter and the 
methylation of LAG3 downstream genes may be related 
to the overexpression of LAG3 mRNA. Additionally, the 
hypomethylation of LAG3 promoter and CpG site 15 
have been found to be associated with increased infiltra-
tion of immune cells [87]. In melanoma, higher LAG3 
mRNA expression is linked to the hypomethylation of 
beads 1 through 13, and the hypomethylation of the 
LAG3 promoter and the CTCF binding site may enhance 
immune cell infiltration [88]. In this study, we found that 
the expression of LAG3 was closely associated with RNA 
methylation modification-related genes in most solid 
tumors, indicating that the methylation of LAG3 has the 
potential to serve as a novel epigenetic biomarker for the 
infiltration of immune cells in tumors. Future studies are 
supposed to further explore this issue.

Currently, there is a need to identify novel immune 
checkpoints that can effectively address the challenges 
of drug resistance and the occurrence of severe adverse 
reactions linked to PD-1/PD-L1 and CTLA-4 inhibitors 
[5]. In light of the positive findings from studies on LAG3, 
a number of LAG3 inhibitors, including relatlimab, efti-
lagimod alpha, RO7247669, SHR-1802, GSK2831781 
have been under clinical trials in patients with various 
solid tumors [89–91]. Due to the co-expression of LAG3 
and PD-1/PD-L1, LAG3 inhibitors are currently used 
more frequently with PD-1/PD-L1 inhibitors. RELA-
TIVITY-047, a global, randomized, double-blind Phase 
2/3 study of patients with metastatic or unresectable 
melanoma in the first-line setting, recently demonstrated 
the clinical success of an anti-LAG3/PD-1 combina-
tion therapy and led to the FDA approving relatlimab 
with nivolumab. The anti-LAG3/PD-1 combination 
therapy demonstrated a significant improvement in PFS 
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compared to nivolumab monotherapy (10.2  months vs. 
4.6 months). In addition, patients with LAG3 expression 
greater than 1% did show improved PFS with the addi-
tion of relatlimab to nivolumab [89]. The anti-LAG3/
PD-1 combination therapy experienced 21.1% of grade 3 
or 4 adverse events, which were controllable. This safety 
profile was significantly better than that of anti-PD-1/
CTLA-4 combination treatment, where 59% of patients 
experienced Grade 3 or 4 toxicity [92]. The utilization of 
LAG3 inhibitors holds promise as a potential immuno-
therapy in the future. However, there are still few stud-
ies on the resistance mechanisms and negative effects of 
LAG3-targeted therapy. Further research investigating 
potential negative effects and resistance mechanisms, as 
well as the feasibility and efficacy of LAG3-targeted med-
icines should be conducted in the nearly future.

This study has several limitations that should be 
acknowledged. Firstly, all the included studies were retro-
spective cohort studies, which are prone to inherent biases 
like cohort selection bias, potentially compromising the 
reliability of the findings. Secondly, the cut-off values for 
LAG3 expression and the method used to determine these 
values varied among the included studies, possibly leading 
to a selection bias and heterogeneity of the results. Thirdly, 
some of the included studies had a limited scale. Addition-
ally, certain aspects of the subgroup analysis were based 
on a relatively small number of studies, potentially leading 
to bias and reduced confidence in results. Finally, differ-
ences in tumor stage and treatment methods adopted by 
the patients enrolled in the studies included in the analy-
sis contributed to some extent to the differences in the 
subgroup analyses. Given these limitations, further mul-
ticenter prospective randomized controlled trials with 
larger sample sizes are necessary to validate the results 
before widespread implementation in clinical practice.

Conclusion
LAG3 has a substantial prognostic value in patients diag-
nosed with solid tumors. High expression of LAG3 is 
consistently associated with an unfavorable prognosis 
in solid cancer patients, and LAG3 might play different 
prognostic roles in different solid tumors. LAG3 exhib-
its correlations with genetic alterations, RNA methyla-
tion modification-related genes, immune cell infiltration, 
immune-related genes, TMB, MSI, and NEO. Conse-
quently, LAG3 may serve as a novel prognostic bio-
marker for patients with solid tumors, and the use of 
LAG3 inhibitors holds promise as a potential therapeutic 
approach in the future.

Abbreviations
LAG3	� Lymphocyte-activation gene 3
OS	� Overall survival
DFS	� Disease-free survival
PFS	� Progression-free survival
RFS	� Recurrence-free survival
HR	� Hazard ratio
CI	� Confidence interval
TME	� Tumor microenvironment
PD-1	� Programmed cell death 1
PD-L1	� Programmed cell death ligand 1
CTLA-4	� Cytotoxic T lymphocyte antigen 4
ICI	� Immune checkpoint inhibitor
Treg	� Regulatory T cell
NK	� Natural killer
DC	� Dendritic cells
PRISMA	� Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
MOOSE	� Meta-Analysis of Observational Studies in Epidemiology
MeSH	� Medical Subject Headings
NOS	� Newcastle–Ottawa Quality Assessment Scale
BLCA	� Bladder urothelial carcinoma
BRCA​	� Breast invasive carcinoma
CESC	� Cervical squamous cell carcinoma and endocervical 

adenocarcinoma
COAD	� Colon adenocarcinoma
COADREAD	� Colon adenocarcinoma and rectum adenocarcinoma
ESCA	� Esophageal carcinoma
HNSC	� Head and neck squamous cell carcinoma
KIRC	� Kidney renal clear cell carcinoma
LIHC	� Liver hepatocellular carcinoma
LUAD	� Lung adenocarcinoma
LUSC	� Lung squamous cell carcinoma
OV	� Ovarian serous cystadenocarcinoma
PAAD	� Pancreatic adenocarcinoma
READ	� Rectum adenocarcinoma
SARC​	� Sarcoma
SKCM	� Skin cutaneous melanoma
STAD	� Stomach adenocarcinoma
STES	� Stomach and esophageal carcinoma
THCA	� Thyroid carcinoma
UCEC	� Uterine corpus endometrial carcinoma
m1A	� N1-methyladenosine
m5C	� 5-Methylcytidine
m6A	� N6-methyladenosine
SNV	� Simple nucleoside variation
CNV	� Copy number variation
TMB	� Tumor mutation burden
MSI	� Microsatellite instability
NEO	� Neoantigen
PPI	� Protein–protein interaction
GO	� Gene Ontology
KEGG	� Kyoto Encyclopedia of Genes and Genomes
BP	� Biological process
CC	� Cellular component
MF	� Molecular function
TIL	� Tumor-infiltrating lymphocyte
TC	� Tumor cell
TAM	� Tumor-associated macrophage
TIGIT	� T-cell immunoglobulin and immunoreceptor tyrosine-based 

inhibitory motif domain
HAVCR2	� Hepatitis A virus cellular receptor 2
IDO1	� Indoleamine 2,3-dioxygenase 1
IL	� Interleukin
BTLA	� B- and T-lymphocyte attenuator
TGFB1	� Transforming growth factor beta 1



Page 22 of 24Li et al. Cancer Cell International          (2023) 23:306 

MHC	� Major histocompatibility complex
FGL-1	� Fibrinogen-like protein 1
α-syn	� Alpha-synuclein
Gal-3	� Galectin 3

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12935-​023-​03157-5.

Additional file 1: Figure S1. Subgroup analysis of overall survival (OS). A 
Subgroup analysis based on tumor types. B Subgroup analysis based on 
LAG3 expression location.

Additional file 2: Figure S2. Subgroup analysis of disease-free survival 
(DFS). A Subgroup analysis based on tumor types. B Subgroup analysis 
based on LAG3 expression location.

Additional file 3: Figure S3. Subgroup analysis of progression-free 
survival (PFS). A Subgroup analysis based on tumor types. B Subgroup 
analysis based on LAG3 expression location.

Additional file 4: Figure S4. Subgroup analysis of recurrence-free survival 
(RFS). A Subgroup analysis based on tumor types. B Subgroup analysis 
based on LAG3 expression location.

Additional file 5: Figure S5. Sensitivity analysis of A overall survival, 
B disease-free survival, C progression-free survival, D recurrence-free 
survival.

Additional file 6: Figure S6. Publication bias detected by funnel plots 
of A overall survival, B disease-free survival, C progression-free survival, D 
recurrence-free survival.

Additional file 7: Table S1a. English literature retrieval strategy (Pub-
med). b English literature retrieval strategy (EMBASE). c English literature 
retrieval strategy (Cochrane Library).

Additional file 8: Table S2. Detailed quality assessment of case-control 
studies.

Acknowledgements
None.

Author contributions
Conception and design: RL and JQ. Administrative support: HT and YT. Provi-
sion of study materials or patients: RL, JQ, and ZZ. Collection and assembly of 
data: RL, JQ, CQ, and ZT. Data analysis and interpretation: RL, JQ, ZZ and WY. All 
authors contributed to the article and approved the submitted version.

Funding
This work was funded by National Key Research and Development Program 
(2021YFC2500900, 2021YFC2500904, and 2021YFC2500905), Natural Science 
Foundation of Shandong Province (ZR2021LSW006), Key Research and Devel-
opment Program of Shandong Province (2020CXGC011303), and the Taishan 
Scholar Program of Shandong Province (ts201712087).

Availability of data and materials
The data used and/or analysed during the current study are available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that the research was conducted in the absence of any 
commercial or financial relationships that could be construed as a potential 
conflict of interest.

Author details
1 Department of Thoracic Surgery, Qilu Hospital of Shandong University, 
Jinan 250012, Shandong, China. 

Received: 6 September 2023   Accepted: 21 November 2023

References
	1.	 Hinshaw DC, Shevde LA. The tumor microenvironment innately modu-

lates cancer progression. Can Res. 2019;79(18):4557–66.
	2.	 He X, Xu C. Immune checkpoint signaling and cancer immunotherapy. 

Cell Res. 2020;30(8):660–9.
	3.	 Tison A, Garaud S, Chiche L, Cornec D, Kostine M. Immune-checkpoint 

inhibitor use in patients with cancer and pre-existing autoimmune 
diseases. Nat Rev Rheumatol. 2022;18(11):641–56.

	4.	 Bagchi S, Yuan R, Engleman EG. Immune checkpoint inhibitors for the 
treatment of cancer: clinical impact and mechanisms of response and 
resistance. Annu Rev Pathol. 2021;16:223–49.

	5.	 Zhang C, Zhang C, Wang H. Immune-checkpoint inhibitor resistance in 
cancer treatment: current progress and future directions. Cancer Lett. 
2023;562: 216182.

	6.	 Triebel F, Jitsukawa S, Baixeras E, Roman-Roman S, Genevee C, Viegas-
Pequignot E, et al. LAG-3, a novel lymphocyte activation gene closely 
related to CD4. J Exp Med. 1990;171(5):1393–405.

	7.	 Anderson AC, Joller N, Kuchroo VK. Lag-3, Tim-3, and TIGIT: co-inhibitory 
receptors with specialized functions in immune regulation. Immunity. 
2016;44(5):989–1004.

	8.	 Kisielow M, Kisielow J, Capoferri-Sollami G, Karjalainen K. Expression of 
lymphocyte activation gene 3 (LAG-3) on B cells is induced by T cells. Eur 
J Immunol. 2005;35(7):2081–8.

	9.	 Workman CJ, Wang Y, El Kasmi KC, Pardoll DM, Murray PJ, Drake CG, et al. 
LAG-3 regulates plasmacytoid dendritic cell homeostasis. J Immunol 
(Baltimore, Md 1950). 2009;182(4):1885–91.

	10.	 Andrews LP, Marciscano AE, Drake CG, Vignali DA. LAG3 (CD223) as a 
cancer immunotherapy target. Immunol Rev. 2017;276(1):80–96.

	11.	 Maruhashi T, Sugiura D, Okazaki IM, Okazaki T. LAG-3: from molecular 
functions to clinical applications. J Immunother Cancer. 2020;8(2): 
e001014.

	12.	 Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, et al. 
The PRISMA statement for reporting systematic reviews and meta-anal-
yses of studies that evaluate healthcare interventions: explanation and 
elaboration. BMJ (Clinical research ed). 2009;339: b2700.

	13.	 Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. 
Meta-analysis of observational studies in epidemiology: a proposal 
for reporting. Meta-analysis of observational studies in epidemiology 
(MOOSE) group. JAMA. 2000;283(15):2008–12.

	14.	 Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assess-
ment of the quality of nonrandomized studies in meta-analyses. Eur J 
Epidemiol. 2010;25(9):603–5.

	15.	 Goldman MJ, Craft B, Hastie M, Repečka K, McDade F, Kamath A, et al. 
Visualizing and interpreting cancer genomics data via the Xena platform. 
Nat Biotechnol. 2020;38(6):675–8.

	16.	 Beroukhim R, Mermel CH, Porter D, Wei G, Raychaudhuri S, Donovan J, 
et al. The landscape of somatic copy-number alteration across human 
cancers. Nature. 2010;463(7283):899–905.

	17.	 Mermel CH, Schumacher SE, Hill B, Meyerson ML, Beroukhim R, Getz G. 
GISTIC2.0 facilitates sensitive and confident localization of the targets of 
focal somatic copy-number alteration in human cancers. Genome Biol. 
2011;12(4):R41.

	18.	 Shen W, Song Z, Zhong X, Huang M, Shen D, Gao P, et al. Sangerbox: 
a comprehensive, interaction-friendly clinical bioinformatics analysis 
platform. iMeta. 2022;1(3):e36.

	19.	 Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, et al. Robust 
enumeration of cell subsets from tissue expression profiles. Nat Methods. 
2015;12(5):453–7.

	20.	 Li T, Fan J, Wang B, Traugh N, Chen Q, Liu JS, et al. TIMER: a web server 
for comprehensive analysis of tumor-infiltrating immune cells. Can Res. 
2017;77(21):e108–10.

https://doi.org/10.1186/s12935-023-03157-5
https://doi.org/10.1186/s12935-023-03157-5


Page 23 of 24Li et al. Cancer Cell International          (2023) 23:306 	

	21.	 Zeng D, Ye Z, Shen R, Yu G, Wu J, Xiong Y, et al. IOBR: multi-omics 
immuno-oncology biological research to decode tumor microenviron-
ment and signatures. Front Immunol. 2021;12: 687975.

	22.	 Warde-Farley D, Donaldson SL, Comes O, Zuberi K, Badrawi R, Chao P, 
et al. The GeneMANIA prediction server: biological network integration 
for gene prioritization and predicting gene function. Nucleic Acids Res. 
2010;38(2):W214-20.

	23.	 Higgins JP, Thompson SG. Quantifying heterogeneity in a meta-analysis. 
Stat Med. 2002;21(11):1539–58.

	24.	 Asano Y, Kashiwagi S, Takada K, Ishihara S, Goto W, Morisaki T, et al. Clinical 
significance of expression of immunoadjuvant molecules (LAG-3, TIM-3, 
OX-40) in neoadjuvant chemotherapy for breast cancer. Anticancer Res. 
2022;42(1):125–36.

	25.	 Babar L, Kosovec JE, Jahangiri V, Chowdhury N, Zheng P, Omstead 
AN, et al. Prognostic immune markers for recurrence and survival 
in locally advanced esophageal adenocarcinoma. Oncotarget. 
2019;10(44):4546–55.

	26.	 Bagbudar S, Karanlik H, Cabioglu N, Bayram A, Ibis K, Aydin E, et al. 
Prognostic implications of immune infiltrates in the breast cancer micro-
environment: the role of expressions of CTLA-4, PD-1, and LAG-3. Appl 
Immunohistochem Mol Morphol. 2022;30(2):99–107.

	27.	 Bottai G, Raschioni C, Losurdo A, Di Tommaso L, Tinterri C, Torrisi R, et al. 
An immune stratification reveals a subset of PD-1/LAG-3 double-positive 
triple-negative breast cancers. Breast Cancer Res. 2016;18(1):121.

	28.	 Chen Z, Cao K, Zhang J, Liu Z, Lu L, Qi B, et al. Concomitant expression 
of inhibitory molecules for t cell activation pre-dicts poor survival in 
patients with esophageal squamous cell carcinoma. Curr Cancer Drug 
Targets. 2021;21(3):244–53.

	29.	 Deng WW, Mao L, Yu GT, Bu LL, Ma SR, Liu B, et al. LAG-3 confers poor 
prognosis and its blockade reshapes antitumor response in head and 
neck squamous cell carcinoma. Oncoimmunology. 2016;5(11): e1239005.

	30.	 Duan J, Xie Y, Qu L, Wang L, Zhou S, Wang Y, et al. A nomogram-based 
immunoprofile predicts overall survival for previously untreated patients 
with esophageal squamous cell carcinoma after esophagectomy. J 
Immunother Cancer. 2018;6(1):100.

	31.	 Fucikova J, Rakova J, Hensler M, Kasikova L, Belicova L, Hladikova K, et al. 
TIM-3 dictates functional orientation of the immune infiltrate in ovarian 
cancer. Clin Cancer Res. 2019;25(15):4820–31.

	32.	 Gebauer F, Krämer M, Bruns C, Schlößer HA, Thelen M, Lohneis P, et al. 
Lymphocyte activation gene-3 (LAG3) mRNA and protein expression on 
tumour infiltrating lymphocytes (TILs) in oesophageal adenocarcinoma. J 
Cancer Res Clin Oncol. 2020;146(9):2319–27.

	33.	 Giraldo NA, Becht E, Pagès F, Skliris G, Verkarre V, Vano Y, et al. Orchestra-
tion and prognostic significance of immune checkpoints in the microen-
vironment of primary and metastatic renal cell cancer. Clin Cancer Res. 
2015;21(13):3031–40.

	34.	 Guo M, Yuan F, Qi F, Sun J, Rao Q, Zhao Z, et al. Expression and clinical sig-
nificance of LAG-3, FGL1, PD-L1 and CD8(+)T cells in hepatocellular carci-
noma using multiplex quantitative analysis. J Transl Med. 2020;18(1):306.

	35.	 He Y, Yu H, Rozeboom L, Rivard CJ, Ellison K, Dziadziuszko R, et al. LAG-3 
protein expression in non-small cell lung cancer and its relationship 
with PD-1/PD-L1 and tumor-infiltrating lymphocytes. J Thorac Oncol. 
2017;12(5):814–23.

	36.	 Jin S, Shang Z, Wang W, Gu C, Wei Y, Zhu Y, et al. Immune co-inhibitory 
receptors CTLA-4, PD-1, TIGIT, LAG-3, and TIM-3 in upper tract urothelial 
carcinomas: a large cohort study. J Immunother (Hagerstown, Md : 1997). 
2023;46(4):154–9.

	37.	 Kim HS, Kim JY, Lee YJ, Kim SH, Lee JY, Nam EJ, et al. Expression of 
programmed cell death ligand 1 and immune checkpoint markers in 
residual tumors after neoadjuvant chemotherapy for advanced high-
grade serous ovarian cancer. Gynecol Oncol. 2018;151(3):414–21.

	38.	 Kim YJ, Won CH, Lee MW, Choi JH, Chang SE, Lee WJ. Correlation between 
tumor-associated macrophage and immune checkpoint molecule 
expression and its prognostic significance in cutaneous melanoma. J Clin 
Med. 2020;9(8):2500.

	39.	 Lee SJ, Jun SY, Lee IH, Kang BW, Park SY, Kim HJ, et al. CD274, LAG3, and 
IDO1 expressions in tumor-infiltrating immune cells as prognostic bio-
marker for patients with MSI-high colon cancer. J Cancer Res Clin Oncol. 
2018;144(6):1005–14.

	40.	 Lee WJ, Lee YJ, Choi ME, Yun KA, Won CH, Lee MW, et al. Expression 
of lymphocyte-activating gene 3 and T-cell immunoreceptor with 

immunoglobulin and ITIM domains in cutaneous melanoma and their 
correlation with programmed cell death 1 expression in tumor-infiltrating 
lymphocytes. J Am Acad Dermatol. 2019;81(1):219–27.

	41.	 Ligon JA, Choi W, Cojocaru G, Fu W, Hsiue EH, Oke TF, et al. Pathways 
of immune exclusion in metastatic osteosarcoma are associated with 
inferior patient outcomes. J Immunother Cancer. 2021;9(5): e001772.

	42.	 Luo C, Xin H, Yin D, Zhao T, Hu Z, Zhou Z, et al. Characterization of 
immune infiltration in sarcomatoid hepatocellular carcinoma. Aging. 
2021;13(11):15126–38.

	43.	 Luo F, Cao J, Lu F, Zeng K, Ma W, Huang Y, et al. Lymphocyte activating 
gene 3 protein expression in nasopharyngeal carcinoma is correlated 
with programmed cell death-1 and programmed cell death ligand-1, 
tumor-infiltrating lymphocytes. Cancer Cell Int. 2021;21(1):458.

	44.	 Luo Y, Yang YC, Shen CK, Ma B, Xu WB, Wang QF, et al. Immune checkpoint 
protein expression defines the prognosis of advanced thyroid carcinoma. 
Front Endocrinol. 2022;13: 859013.

	45.	 Lv K, Li R, Cao Y, Gu Y, Liu X, He X, et al. Lymphocyte-activation gene 3 
expression associates with poor prognosis and immunoevasive con-
texture in Epstein-Barr virus-positive and MLH1-defective gastric cancer 
patients. Int J Cancer. 2021;148(3):759–68.

	46.	 Minichsdorfer C, Oberndorfer F, Krall C, Kornek G, Müllauer L, Wagner C, 
et al. PD-L1 expression on tumor cells is associated with a poor outcome 
in a cohort of caucasian nasopharyngeal carcinoma patients. Front Oncol. 
2019;9:1334.

	47.	 Park Y, Seo AN, Koh J, Nam SK, Kwak Y, Ahn SH, et al. Expression of 
the immune checkpoint receptors PD-1, LAG3, and TIM3 in the 
immune context of stage II and III gastric cancer by using single and 
chromogenic multiplex immunohistochemistry. Oncoimmunology. 
2021;10(1):1954761.

	48.	 Peng QQ, Li JL, Xin PL, Du KX, Lin XY, Wu JX, et al. Assessment of the 
expression and response of PD-1, LAG-3, and TIM-3 after neoadjuvant 
radiotherapy in rectal cancer. Neoplasma. 2021;68(4):742–50.

	49.	 Rhyner Agocs G, Assarzadegan N, Kirsch R, Dawson H, Galván JA, Lugli 
A, et al. LAG-3 expression predicts outcome in stage II colon cancer. J 
Personal Med. 2021;11(8):749.

	50.	 Rühle A, Todorovic J, Spohn SSK, Gkika E, Becker C, Knopf A, et al. Prog-
nostic value of tumor-infiltrating immune cells and immune checkpoints 
in elderly head-and-neck squamous cell carcinoma patients undergo-
ing definitive (chemo)radiotherapy. Radiat Oncol (London, England). 
2022;17(1):181.

	51.	 Sarradin V, Lusque A, Filleron T, Dalenc F, Franchet C. Immune microenvi-
ronment changes induced by neoadjuvant chemotherapy in triple-nega-
tive breast cancers: the MIMOSA-1 study. Breast Cancer Res. 2021;23(1):61.

	52.	 Seifert L, Plesca I, Müller L, Sommer U, Heiduk M, Renesse JV, et al. 
LAG-3-expressing tumor-infiltrating T cells are associated with reduced 
disease-free survival in pancreatic cancer. Cancers. 2021;13(6):1–12.

	53.	 Shi X, Li CW, Tan LC, Wen SS, Liao T, Zhang Y, et al. Immune co-inhibitory 
receptors PD-1, CTLA-4, TIM-3, LAG-3, and TIGIT in medullary thyroid can-
cers: a large cohort study. J Clin Endocrinol Metab. 2021;106(1):120–32.

	54.	 Stovgaard ES, Asleh K, Riaz N, Leung S, Gao D, Nielsen LB, et al. The 
immune microenvironment and relation to outcome in patients with 
advanced breast cancer treated with docetaxel with or without gemcit-
abine. Oncoimmunology. 2021;10(1):1924492.

	55.	 Stovgaard ES, Kümler I, List-Jensen K, Roslind A, Christensen IJ, Høgdall E, 
et al. Prognostic and clinicopathologic associations of LAG-3 expression 
in triple-negative breast cancer. Appl Immunohistochem Mol Morphol. 
2022;30(1):62–71.

	56.	 Tahtacı G, Günel N, Sadioğlu A, Akyürek N, Boz O, Üner A. LAG-3 expres-
sion in tumor microenvironment of triple-negative breast cancer. Turk J 
Med Sci. 2023;53(1):142–8.

	57.	 Wang H, Mao L, Zhang T, Zhang L, Wu Y, Guo W, et al. Altered expression 
of TIM-3, LAG-3, IDO, PD-L1, and CTLA-4 during nimotuzumab therapy 
correlates with responses and prognosis of oral squamous cell carcinoma 
patients. J Oral Pathol Med. 2019;48(8):669–76.

	58.	 Wang L, Chang N, Wu L, Li J, Zhang L, Chen Y, et al. A nomogram-based 
immunoprofile predicts clinical outcomes for stage ii and iii human 
colorectal cancer. Mol Clin Oncol. 2021;15(6):1.

	59.	 Wang W, Chen D, Zhao Y, Zhao T, Wen J, Mao Y, et al. Characterization of 
LAG-3, CTLA-4, and CD8(+) TIL density and their joint influence on the 
prognosis of patients with esophageal squamous cell carcinoma. Ann 
Transl Med. 2019;7(23):776.



Page 24 of 24Li et al. Cancer Cell International          (2023) 23:306 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	60.	 Wang Y, Dong T, Xuan Q, Zhao H, Qin L, Zhang Q. Lymphocyte-activation 
gene-3 expression and prognostic value in neoadjuvant-treated triple-
negative breast cancer. J Breast Cancer. 2018;21(2):124–33.

	61.	 Yao XM, Zhang FH, Liu Y. Clinical significance and prognostic value of the 
expression of LAG-3 and FGL1 in esophageal squamous cell carcinoma. 
Bull Exp Biol Med. 2023;174(6):774–8.

	62.	 Zaitsu S, Yano M, Adachi S, Miwa M, Katoh T, Kawano Y, et al. Lymphocyte-
activation gene 3 protein expression in tumor-infiltrating lymphocytes is 
associated with a poor prognosis of ovarian clear cell carcinoma. J Ovar 
Res. 2023;16(1):93.

	63.	 Zeng H, Zhou Q, Wang Z, Zhang H, Liu Z, Huang Q, et al. Stromal LAG-
3(+) cells infiltration defines poor prognosis subtype muscle-invasive 
bladder cancer with immunoevasive contexture. J Immunother Cancer. 
2020;8(1): e000651.

	64.	 Zhang Y, Liu YD, Luo YL, Liu BL, Huang QT, Wang F, et al. Prognostic value 
of lymphocyte activation gene-3 (LAG-3) expression in esophageal 
squamous cell carcinoma. J Cancer. 2018;9(22):4287–93.

	65.	 Zhang Y, Yang R, Xu C, Zhang Y, Deng M, Wu D, et al. Analysis of the 
immune checkpoint lymphocyte activation gene-3 (LAG-3) in endome-
trial cancer: an emerging target for immunotherapy. Pathol Res Pract. 
2022;236: 153990.

	66.	 Zou W, Huang R, Li P, Liu X, Huang Q, Yue J, et al. Clinical significance of 
immune checkpoint proteins in HPV-infected cervical cancer. J Infect 
Public Health. 2023;16(4):542–50.

	67.	 Chocarro L, Blanco E, Zuazo M, Arasanz H, Bocanegra A, Fernández-Rubio 
L, et al. Understanding LAG-3 signaling. Int J Mol Sci. 2021;22(10):5282.

	68.	 Shi AP, Tang XY, Xiong YL, Zheng KF, Liu YJ, Shi XG, et al. Immune 
checkpoint LAG3 and its ligand FGL1 in cancer. Front Immunol. 2021;12: 
785091.

	69.	 Ruffo E, Wu RC, Bruno TC, Workman CJ, Vignali DAA. Lymphocyte-
activation gene 3 (LAG3): the next immune checkpoint receptor. Semin 
Immunol. 2019;42: 101305.

	70.	 Ming Q, Celias DP, Wu C, Cole AR, Singh S, Mason C, et al. LAG3 ecto-
domain structure reveals functional interfaces for ligand and antibody 
recognition. Nat Immunol. 2022;23(7):1031–41.

	71.	 Mao X, Ou MT, Karuppagounder SS, Kam TI, Yin X, Xiong Y, et al. Pathologi-
cal α-synuclein transmission initiated by binding lymphocyte-activation 
gene 3. Science (New York, NY). 2016;353(6307):3374.

	72.	 Maruhashi T, Sugiura D, Okazaki IM, Shimizu K, Maeda TK, Ikubo J, et al. 
Binding of LAG-3 to stable peptide-MHC class II limits T cell function 
and suppresses autoimmunity and anti-cancer immunity. Immunity. 
2022;55(5):912-24.e8.

	73.	 Aggarwal V, Workman CJ, Vignali DAA. LAG-3 as the third check-
point inhibitor. Nat Immunol. 2023. https://​doi.​org/​10.​1038/​
s41590-​023-​01569-z.

	74.	 Huard B, Tournier M, Hercend T, Triebel F, Faure F. Lymphocyte-activation 
gene 3/major histocompatibility complex class II interaction modu-
lates the antigenic response of CD4+ T lymphocytes. Eur J Immunol. 
1994;24(12):3216–21.

	75.	 Workman CJ, Dugger KJ, Vignali DA. Cutting edge: molecular analysis 
of the negative regulatory function of lymphocyte activation gene-3. J 
Immunol (Baltimore, Md : 1950). 2002;169(10):5392–5.

	76.	 Niu B, Zhou F, Su Y, Wang L, Xu Y, Yi Z, et al. Different expression char-
acteristics of LAG3 and PD-1 in sepsis and their synergistic effect on T 
cell exhaustion: a new strategy for immune checkpoint blockade. Front 
Immunol. 2019;10:1888.

	77.	 Woo SR, Turnis ME, Goldberg MV, Bankoti J, Selby M, Nirschl CJ, et al. 
Immune inhibitory molecules LAG-3 and PD-1 synergistically regu-
late T-cell function to promote tumoral immune escape. Can Res. 
2012;72(4):917–27.

	78.	 Shi N, Zhou Y, Liu Y, Zhang R, Jiang X, Ren C, et al. PD-1/LAG-3 bispecific 
antibody potentiates T cell activation and increases antitumor efficacy. 
Front Immunol. 2022;13:1047610.

	79.	 Cebada J, Flores A, Bandala C, Lizaliturri-Flores I, Villa-Ruano N, Perez-San-
tos M. Bispecific anti-PD-1/LAG-3 antibodies for treatment of advanced 
or metastatic solid tumors: a patent evaluation of US2018326054. Expert 
Opin Ther Pat. 2020;30(7):487–94.

	80.	 Saleh RR, Peinado P, Fuentes-Antrás J, Pérez-Segura P, Pandiella A, Amir E, 
et al. Prognostic value of lymphocyte-activation gene 3 (LAG3) in cancer: 
a meta-analysis. Front Oncol. 2019;9:1040.

	81.	 Hu G, Wang S, Wang S, Ding Q, Huang L. LAG-3(+) tumor-infiltrating 
lymphocytes ameliorates overall survival in triple-negative breast cancer 
patients. Front Oncol. 2022;12: 986903.

	82.	 Zhong YM, Yin K, Chen Y, Xie Z, Lv ZY, Yang JJ, et al. PD-1/PD-L1 combined 
with LAG3 is associated with clinical activity of immune checkpoint 
inhibitors in metastatic primary pulmonary lymphoepithelioma-like 
carcinoma. Front Immunol. 2022;13: 951817.

	83.	 Paijens ST, Vledder A, de Bruyn M, Nijman HW. Tumor-infiltrating lympho-
cytes in the immunotherapy era. Cell Mol Immunol. 2021;18(4):842–59.

	84.	 Huang CT, Workman CJ, Flies D, Pan X, Marson AL, Zhou G, et al. Role of 
LAG-3 in regulatory T cells. Immunity. 2004;21(4):503–13.

	85.	 Dudley JC, Lin MT, Le DT, Eshleman JR. Microsatellite instability as a 
biomarker for PD-1 blockade. Clin Cancer Res. 2016;22(4):813–20.

	86.	 Chan TA, Yarchoan M, Jaffee E, Swanton C, Quezada SA, Stenzinger A, 
et al. Development of tumor mutation burden as an immunotherapy 
biomarker: utility for the oncology clinic. Ann Oncol. 2019;30(1):44–56.

	87.	 Klümper N, Ralser DJ, Bawden EG, Landsberg J, Zarbl R, Kristiansen G, 
et al. LAG3 (LAG-3, CD223) DNA methylation correlates with LAG3 expres-
sion by tumor and immune cells, immune cell infiltration, and overall 
survival in clear cell renal cell carcinoma. J Immunother Cancer. 2020;8(1): 
e000552.

	88.	 Fröhlich A, Sirokay J, Fietz S, Vogt TJ, Dietrich J, Zarbl R, et al. Molecular, 
clinicopathological, and immune correlates of LAG3 promoter DNA 
methylation in melanoma. EBioMedicine. 2020;59: 102962.

	89.	 Tawbi HA, Schadendorf D, Lipson EJ, Ascierto PA, Matamala L, Cas-
tillo Gutiérrez E, et al. Relatlimab and nivolumab versus nivolumab in 
untreated advanced melanoma. N Engl J Med. 2022;386(1):24–34.

	90.	 Atkinson V, Khattak A, Haydon A, Eastgate M, Roy A, Prithviraj P, et al. 
Eftilagimod alpha, a soluble lymphocyte activation gene-3 (LAG-3) 
protein plus pembrolizumab in patients with metastatic melanoma. J 
Immunother Cancer. 2020;8(2): e001681.

	91.	 Deng T, Liu Z, Han Z, Zhou H, Liu R, Li Y, et al. Safety, tolerability, and 
pharmacokinetics of an anti-LAG-3 antibody SHR-1802 in patients with 
advanced solid tumors: a phase I dose-escalation and dose-expansion 
study. Ther Adv Med Oncol. 2023;15:17588359231186024.

	92.	 Wolchok JD, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob JJ, Cowey 
CL, et al. Overall survival with combined nivolumab and ipilimumab in 
advanced melanoma. N Engl J Med. 2017;377(14):1345–56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1038/s41590-023-01569-z
https://doi.org/10.1038/s41590-023-01569-z

	Prognostic significance of Lymphocyte-activation gene 3 (LAG3) in patients with solid tumors: a systematic review, meta-analysis and pan-cancer analysis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Introduction
	Materials and methods
	Meta analysis
	Protocol and ethics statement
	Databases and search strategy
	Study selection and criteria
	Data extraction
	Quality assessment

	Pan-cancer analysis
	Data preparation
	Differential expression analysis
	Genetic alteration and RNA methylation modification analysis
	Genomic instability and immune infiltration analysis
	Protein − protein interaction network and enrichment analysis

	Statistical analysis

	Results
	Meta-analysis
	Literature search
	Characteristics of the included studies
	Overall survival
	Disease-free survival
	Progression-free survival
	Recurrence-free survival
	Sensitive analysis and publication bias

	Pan-cancer analysis
	Differential expression of LAG3 between normal and tumor samples
	Influence of CNV and SNV on the expression of LAG3
	RNA methylation modification-related gene analysis
	Relationship between LAG3 expression and TMB, MSI and NEO
	Immune infiltration analysis
	Construction of PPI network and enrichment analysis


	Discussion
	Conclusion
	Anchor 40
	Acknowledgements
	References


