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Background

Numerous studies and research papers have provided evidence suggesting that tertiary lymphoid structures (TLS) play a crucial role in combating and suppressing tumor growth and progression. Despite the wealth of information on the significance of TLS in various types of cancer, their prognostic value in gastrointestinal (GI) cancers remains uncertain. Therefore, this meta-analysis investigated the prognostic value of TLS in GI cancers.





Methods

We searched Web of science, Pubmed, Embase and Cochrane Library for studies that met the requirements as of May 1, 2023, and the hazard ratio (HR) and the corresponding 95% confidence interval (CI) were included in the analysis. The bioinformatics analysis results based on the TCGA database are used to supplement our research.





Results

The meta-analysis included 32 studies involving 5778 patients. The results of comprehensive analysis showed that TLS-High is associated with prolonged OS (HR=0.525,95%CI:0.447-0.616 (P < 0.001), RFS (HR=0.546,95%CI:0.461-0.647, P < 0.001), DFS (HR=0.519,95%CI:0.417-0.646, P < 0.001) and PFS (HR=0.588,95%CI:0.406-0.852, P=0.005) in GI cancer. Among the patients who received immunotherapy, TLS-High is associated with significantly prolonged OS (HR=0.475, 95%CI:0.282-0.799, P=0.005) and PFS(HR=0.576, 95%CI:0.381-0.871, P=0.009). It is worth noting that subgroup analysis showed that there was no significant relationship between TLS and OS(HR=0.775, 95%CI:0.570-1.053,P=0.103) in CRC. And when Present is used as the cut-off criteria of TLS, there is no significant correlation between TLS and OS (HR=0.850, 95%CI:0.721-1.002, P=0.053)in HCC.





Conclusion

TLS is a significant predictor of the prognosis of GI cancers and has the potential to become a prognostic biomarker of immunotherapy-related patients.





Systematic review registration

https://www.crd.york.ac.uk/PROSPERO/#recordDetails, identifier CRD42023443562.





Keywords: tertiary lymphoid structure (TLS), gastrointestinal (GI) cancers, meta-analysis, prognosis, biomarkers





Introduction

Gastrointestinal (GI) cancers, including esophageal, gastric, liver, biliary system, pancreatic, and colorectal tumors, account for more than a quarter of all cancer incidences worldwide. These types of cancers are responsible for one-third of all cancer-related deaths (1). Some previous studies have indicated that there is a correlation between the occurrence of GI cancers and factors such as smoking, diet, and potential pathogens like EBV (Epstein-Barr virus) and Escherichia coli that produces colibactin (2–5). These factors are linked to the escalating burden of GI cancers. In the past decade, immunotherapy such as anti-PD-1/PD-L1 has greatly improved the prognosis of cancer patients. However, this efficacy is largely limited to patients who have high microsatellite instability (MSI-H) or positive PD-L1 expression. Patients with GI cancers have a relatively low overall response rate to current immunotherapy, and the existing prognostic markers are insufficient to determine which patients can benefit from immunotherapy (6, 7). In addition, the heterogeneity of GI cancers has led to a wide range of clinical, pathological, and molecular characteristics. This diversity poses greater challenges in personalized diagnosis and treatment (8). TLS are formed as ectopic lymph node-like structures within non-lymphoid tissues. Typically, TLS consists of T cells, B cells, fibroblastic reticular cells (FRC) network, high endothelial venules (HEV), and follicular dendritic cells (FDC) (9). Recent literature suggests that the presence of TLS is associated with the prognosis of various gastrointestinal (GI) cancers (10–13). However, there is currently no unified way to evaluate TLS. Some studies classify TLS as positive or negative based on density (11, 14, 15), while other studies consider the presence or absence of TLS as a criterion for evaluation (14, 16). Furthermore, some studies assess the maturity level of TLS (17). These different grouping approaches based on TLS may impact the predictive value of TLS for prognosis. In addition, it has been observed that TLS (Tumor-Localized Immune Response) is not correlated with patient prognosis in certain advanced colorectal cancer cohorts (14, 18). Due to the existence of these controversial conclusions, it is necessary to conduct an analysis to elucidate the role of TLS in GI cancer under different grouping methods. This study performed a systematic review and meta-analysis on the relationship between TLS and the survival outcomes of patients with GI cancer.





Methods




Literature search strategies

The meta-analysis was designed and conducted based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) reporting guidelines, which are considered the gold standard for reporting systematic reviews and meta-analyses. The specific search strategy is Tertiary Lymphoid Structures OR Lymphoid Structure, Tertiary OR Lymphoid Structures, Tertiary OR Tertiary Lymphoid Structure OR Ectopic Lymphoid-Like Structures OR Lymphoid-Like Structure, Ectopic OR Ectopic Lymphoid Tissues. The protocol for this meta-analysis study can be found in PROSPERO (19).





Inclusion and exclusion criteria

The eligible studies should meet the following criteria (1): GI cancers confirmed by pathological diagnosis (2); Detection of the expression levels of TLS in human tumor tissues (3); Providing survival data, including hazard ratio (HR) and 95% confidence interval (CI) measurements for OS, RFS, PFS, or PFS, or providing Kaplan-Meier curves based on TLS grouping (4); Providing the methods for TLS detection and evaluation. The following studies have been excluded from consideration due to various reasons (1): Comment, animal studies, letter, edit, reviews and meta-analysis (2); Conducting multiple studies using the same set of samples or participants (3); No insufficient data or no prognostic information.





Data extraction and quality assessment

Extract the following data from the included studies: year of publication, region, sample size, sex, cancer type, TLS cut-off criteria, follow-up time(months), survival analysis (OS, RFS, DFS or PFS), HR and 95%CI. If HR and 95% CI are not provided, Engauge Digitizer software version 4.1 was used to plot the Kaplan–Meier curves and extract the multiple survival rates to estimate the HRs and 95% CIs (20). Quality assessment was performed using the Newcastle–Ottawa quality assessment scale (NOS). NOS criteria scores range from 0 (lowest) to 9 (highest), and a NOS score ≥6 is considered a high-quality study. Two reviewers (Kaile Zhang and Yule Yang) independently assessed the quality of the eligible studies and extracted the data, and any disagreement was resolved through discussion with the third (Menghan Cao) (21).





Bioinformatics analysis

In this study, the gene expression and clinical information of gastrointestinal cancer patients were downloaded from the TCGA database (https://portal.gdc.cancer.gov/). The patients were divided into two groups based on the scores of 9 TLS-related genes (CCR6, CD1D, CD79B, CETP, EIF1AY, LAT, PTGDS, RBP5, and SKAP1), namely the TLSscore high group (upper tertile) and the TLSscore low group (lower tertile) (22). The ESTIMATE algorithm was used to analyze the immune, stromal, and ESTIMATE scores. The differences in survival between the two groups were compared using the logarithmic rank test, and visualized using Kaplan-Meier.

The proportion of 28 immune cells in the tumor microenvironment is determined using the single-sample gene set enrichment analysis (ssGSEA) method.





Statistical analysis

The statistical analysis was performed using Stata 15.0. It involved calculating the correlations between TLS and OS, RFS, PFS, and DFS. If P<0.05 and I2 >50%, it indicated high heterogeneity, and a random-effects model was applied. Otherwise, a fixed-effects model was used. Egger’s and Begg’s tests were employed to assess publication bias. If significant publication bias was detected, the trim and fill method was utilized to adjust the results. Additionally, a sensitivity analysis was conducted by systematically excluding individual studies in order to evaluate the robustness of the meta-analysis. P<0.05 was considered statistically significant.






Results




Characteristics of studies

After the initial search, we eliminated a total of 4435 duplicate articles. Then, we carefully read the titles and abstracts of the remaining articles and excluded 3286 of them. Subsequently, we obtained the full text of the remaining 64 articles and conducted a thorough evaluation. Finally, we selected and included 25 articles for our study (12–18, 23–40). These 25 articles encompassed 32 individual studies and involved a total of 5778 patients. The PRISMA flowchart depicting the entire selection process can be seen in the provided (Figure 1).




Figure 1 | The flow diagram of identifying eligible studies.



The included studies in this research are summarized in (Table 1), which consists of 8 studies on gastric cancer (GC), 6 studies on colorectal cancer (CRC), 7 studies on hepatocellular carcinoma (HCC), 4 studies on esophageal cancer (EC), 4 studies on pancreatic cancer (PC), and 3 studies on intrahepatic cholangiocarcinoma (ICC). Among these studies, 20 were conducted in China, 7 were from Japan, and 2 each were from Finland, the United States, Australia, and Germany. Moreover, 10 studies only provided overall survival (OS) data, 1 study reported only disease-free survival (DFS) data, 1 study solely focused on relapse-free survival (RFS) data, and another study presented progression-free survival (PFS) data exclusively. Interestingly, 11 studies provided both OS and RFS data, while 4 studies included both OS and DFS data, as well as OS and PFS data. The incorporated studies employed four cut-off criteria to designate TLS: namely, Presence, Density, Degree of maturation, and Maximum dimension. The NOS scores of the 32 studies ranged from 6 to 8, signifying an exceptional standard of the encompassed research. Every study embraced pertinent insights regarding TLS within malignant growths in this article.


Table 1 | Characteristics of included studies.



TLS is divided into TLS-high and TLS-low based on different cut-off criteria. Among the 31 studies included in this paper, different cut-off criteria correspond to different HR. In the subsequent investigation of the relationship between TLS and OS, RFS, PFS, and DFS, we have established inclusion criteria. When a study includes two different TLS cut-off criteria, we prioritize the HR corresponding to Density, Degree of maturity, or Maximal diameter. If a study simultaneously uses Density and Degree of maturity or Density and Maximal diameter as the grading methods for TLS, we select the HR corresponding to Density.





TLS and OS

Based on a comprehensive analysis of 29 studies evaluating the association between TLS and OS in GI cancer, it was found that TLS-high is significantly correlated with longer OS(HR=0.525, 95%CI:0.447-0.616, P<0.001)(Figure 2A). However, it should be noted that this analysis showed significant heterogeneity, and a random effects model was used to account for this(I2 = 65.7%, P<0.001)(Figure 2A). Moreover, subgroup analysis based on different cancer types revealed that TLS-high is closely associated with extended OS in GC(HR=0.422, 95%CI:0.283-0.627,P<0.001), HCC(HR=0.532, 95%CI:0.391-0.726,P=0.003), EC(HR=0.393, 95%CI:0.271-0.570,P<0.001), PC(HR=0.390, 95%CI:0.290-0.525,P<0.001), and ICC(HR=0.493, 95%CI:0.421-0.577,P<0.001), while no significant relationship was found between TLS and OS in CRC(HR=0.775, 95%CI:0.570-1.053,P=0.103) (Figure 2B). Interestingly, significant heterogeneity was observed in GC(I2 = 80.6%,P<0.001) and HCC(I2 = 78.0%,P<0.001) (Figure 2B).




Figure 2 | Forest plot showing the relationship between TLS and OS in GI cancers. (A) OS; (B) OS subgroup analysis for different cancer types.HR, hazard ratio; CL, confidence interval.







TLS and RFS, DFS, PFS

Moving on to the assessment of TLS in relation to RFS, DFS, and PFS, 12, 6, and 5 studies were included, respectively. The analysis showed a significant association between TLS-high and extended RFS(HR=0.546, 95%CI:0.461-0.647, P<0.001)(Figure 3A), DFS(HR=0.519, 95%CI:0.417-0.646, P<0.001)(Figure 3B), and PFS(HR=0.588, 95%CI:0.406-0.852, P=0.005)(Figure 3C). Notably, the analysis of RFS(I2 = 16.8%, P=0.279)(Figure 3A)and DFS I2 = 5.7%, P=0.380)(Figure 3B) did not exhibit significant heterogeneity, and a fixed effects model was used, whereas significant heterogeneity was observed in the analysis of PFS[I2 = 61.2%, P=0.036)](Figure 3C), requiring the use of a random effects model.




Figure 3 | Forest plot showing the relationship between TLS and RFS, DFS, PFS in GI cancers. (A) RFS; (B) DFS; (C) PFS.







TLS and ICIs

In addition, two studies assessing the relationship between TLS and OS in the context of using ICIs for treatment were included, as well as three studies evaluating the relationship between TLS and PFS. The study conducted by Mori Y et al. and Hayashi Y et al. included patients who received treatment with anti-PD-1 monoclonal antibodies. On the other hand, the study conducted by Shang T et al. did not explicitly specify the type of ICIs used in their research. The results consistently showed a significant association between TLS-positive and extended OS[HR=0.475, 95%CI:0.282-0.799, P=0.005)](Figure 4A) and PFS[HR=0.576, 95%CI:0.381-0.871, P=0.009)](Figure 4B). No significant heterogeneity was found in any of these studies, and a fixed effects model was applied(I2 = 0.0%, P=0.352)(Figure 4A), (I2 = 33.4%, P=0.223)(Figure 4B).




Figure 4 | Forest plot showing the relationship between TLS and OS, PFS in GI cancers undergoing treatment with immune ICIs. (A) OS; (B) PFS.







TLS and cut-off criteria

Notably, in previous studies examining the relationship between TLS and OS, significant heterogeneity was still observed in the GC and HCC subgroups. This may be attributed to the use of different TLS cut-off criteria in some studies, resulting in different conclusions. Therefore, to ascertain the potential impact of cut-off criteria on the evaluation of TLS prognosis, studies using different criteria such as Presence, Density, Degree of maturity, and Maximal diameter were included. However, due to the limited number of included studies, further investigation on the impact of cut-off criteria on DFS and PFS was not possible. Firstly, we included 15 studies that used presence as a cut-off criterion to study the relationship between TLS and OS. The evaluation showed a significant correlation between TLS-high and prolonged OS in the included studies(HR=0.590, 95%CI:0.474-0.733, P<0.001)(Figure S1A). However, there was significant heterogeneity observed, so a random-effects model was used(I2 = 62.7%, P=0.001)(Figure S1A). Subgroup analysis based on cancer types revealed no significant association between TLS and OS in HCC(HR=0.850, 95%CI:0.721-1.002, P=0.053)and CRC(HR=0.731, 95%CI:0.417-1.282, P=0.272), while a significant correlation was found in PC (HR=0.351, 95%CI:0.248-0.498, P<0.001)and other tumors(HR=0.629, 95%CI:0.508-0.778, P<0.001)(Figure S1B). Next, we included 15 studies that used density as a cut-off criterion to study the relationship between TLS and OS. The evaluation showed a significant correlation between TLS positivity and prolonged OS in the included studies(HR= 0.516, 95%CI:0.450-0.591, P<0.001)(Figure S1C). No significant heterogeneity was found, so a fixed-effects model was used(I2 = 23.3%, P=0.195)(Figure S1C). Subgroup analysis based on cancer types showed a close correlation between TLS-high and OS prolongation in GC(HR=0.466, 95%CI:0.302-0.719,P<0.001), HCC(HR=0.401, 95%CI:0.307-0.524, P<0.001),EC(HR=0.393, 95%CI:0.271-0.570,P<0.001),PC(HR=0.510, 95%CI:0.291-0.893,P=0.019) and ICC(HR=0.612, 95%CI:0.479-0.781,P<0.001) (Figure S1D). However, no significant relationship was observed in CRC(HR=0.794, 95%CI:0.550-1.145,P=0.217) (Figure S1D). Furthermore, after including 3 studies that used maturity as a criteria to study the relationship between TLS and OS, we found a similar significant correlation between TLS-high and prolonged OS(HR=0.222, 95%CI:0.068-0.0730, P=0.013)(Figure S1E). Due to significant heterogeneity observed in the studies, a random-effects model was used(I2 = 84.7%, P=0.001)(Figure S1E). Moving on to the relationship between TLS and RFS, we included 10 studies that used presence as a cut-off criterion. We found a significant correlation between TLS and prolonged RFS in these studies(HR=0.591, 95%CI:0.495-0.705, P<0.001)(Figure S2A). No significant heterogeneity was observed, so a fixed-effects model was used [(I2 = 33.5%, P<0.122](Figure S2A). Subgroup analysis based on cancer types revealed no significant association between TLS and RFS in CRC(HR=0.874, 95%CI:0.527-1.450, P=0.602)(Figure S2B), while a significant correlation was found in HCC(HR=0.638, 95%CI:0.518-0.787, P<0.001), PC(HR=0.260, 95%CI:0.137-0.496, P<0.001), and other tumors HR=0.365, 95%CI:0.200-0.665, P=0.001)(Figure S2B). In the 2 studies that evaluated the relationship between TLS and RFS using density as a cut-off criteria, we found a significant correlation between TLS and RFS(HR=0.457, 95%CI:0.327-0.640, P<0.001)(Figure S2C). No significant heterogeneity was found in these studies, so a fixed-effects model was used(I2 = 0.0%, P=0.442)(Figure S2C).

We found that different studies have used various criteria such as ROC curves, medians, and other ambiguous methods to divide the Density of TLS into two parts, namely TLS-high and TLS-low, when using Density as the cut-off for TLS. We conducted a meta-regression to determine if different criteria would affect the predictive value of TLS. The different criteria used to divide Density can affect the predictive value of TLS(P=0.023). Further sub-analysis demonstrates that TLS has a significant correlation with OS across various criteria (Figure S3).





Sensitivity analysis and publication bias

To assess sensitivity, we employed the leave-one-out method for statistical analysis. After systematically excluding each individual study, the overall (HR) for OS, RFS, DFS, and PFS did not show any significant changes, indicating the stability and reliability of our findings (Figure S4).

Next, we employed a funnel plot (Figure S5), Begg’s test (Figure S6), and Egger’s test (Figure S6) to evaluate publication bias in the included studies. We found evidence of publication bias in OS(Begg’s test:P=0.063, Egger’s test: P=0.001)(Figures S6 A, H). However, no publication bias was observed in RFS(Begg’s test:P=0.732, Egger’s test:P=0.430)(Figures S6 B, I), DFS(Begg’s test:P=0.060, Egger’s test:P=0.063)(Figures S6 C, J), and PFS(Begg’s test:P=1.000, Egger’s test: P=0.364)(Figures S6 D, K). Further analysis of the cut-off criteria for TLS revealed publication bias in OS (Begg’s test:P=0.322, Egger’s test:P=0.033)in the “Density group”(Figures S6 F, M). There was no publication bias in OS(Begg’s test:P=0.235, Egger’s test:P=0.064) in the “Presence group”(Figures S6 E, L), and RFS(Begg’s test:P=0.210, Egger’s test:P=0.125) in the “Presence group”(Figures S6 F, N). All remaining studies from the subgroups mentioned above were included in our analysis. Subsequently, we applied the trim and fill method to fill in the missing data from studies that had zero items missing. This approach ensured that our results remained robust and reliable.





TLS and bioinformatics analysis

We studied the relationship between TLSscore and the immune microenvironment. In the ESTIMATE algorithm, patients in the high TLSscore group showed higher immune, stromal, and ESTIMATE scores (Figure S7). Single-sample gene set enrichment analysis (ssGSEA) revealed a significantly higher degree of infiltration of various immune-related cells in the TLSscore high group compared to the TLSscore low group (Figures 5, 6). Additionally, we further investigated the relationship between TLSscore and prognosis. In HCC, we found a significant improvement in overall survival (OS) associated with TLSscore high, while no significant association between TLSscore and OS was found in other gastrointestinal cancers (Figure S8).




Figure 5 | The abundance of infiltrating cells in each tumor microenvironment based on ssGSEA analysis of two groups of TLSscore. (A) GC, (B) CRC, (C) EC. *: P<0.05, **: P<0.01, ***: P<0.001, ns: P≥0.05 non-significant.






Figure 6 | The abundance of infiltrating cells in each tumor microenvironment based on ssGSEA analysis of two groups of TLSscore. (A) HCC, (B) PC, (C) ICC. *: P<0.05, **: P<0.01, ***: P<0.001, ns: P≥0.05 non-significant.








Discussion

Compared to TLS-low tumors, TLS-high tumors exhibit overexpression of a set of genes that promote T cell activation, T helper 1 (TH-1) cell skewing, T cell chemotaxis, and T cell cytotoxicity (41). Moreover, the unique spatial structure of TLS facilitates the presentation of antigen peptides by mature dendritic cells (DC) and potential B cells in the T cell zone, activating them to generate a response against tumor cells presenting the same antigen (9, 42). The Phase 2 PEMBROSARC trial cohort has provided evidence that TLS serves as a novel biological biomarker improving treatment selection for patients with advanced soft tissue sarcoma (STS) undergoing pembrolizumab therapy (43). This reflects the important predictive role of TLS in tumor immunotherapy response. Some studies suggest that the presence of TLS may be associated with the activation of anti-tumor immune responses and further contribute to the anti-tumor effects (44–48). There is a significant variation in clinical prognosis among patients with GI cancer, even within the same TMN stage. Additionally, there is a scarcity of prognostic markers for cancer immunotherapy and they are often difficult to meet clinical needs (49). Therefore, the search for biomarkers that can be used for early detection and prognosis assessment in cancer is of urgent importance.

The purpose of this study is to investigate the relationship between TLS (Tertiary Lymphoid Structures) and prognosis of GI (Gastrointestinal) cancer (50). While previous literature has explored the association between TLS and prognosis of solid tumors, there is still relatively limited information regarding GI cancer. In this study, we updated the information on GI cancer and conducted subgroup analysis to clarify the relationship between TLS and overall survival (OS), progression-free survival (PFS), disease-free survival (DFS), and recurrence-free survival (RFS). The results indicated that TLS was significantly associated with prolonged OS, PFS, DFS, and RFS. However, in the subgroup analysis specifically focusing on colorectal cancer, TLS was not significantly associated with OS. A possible explanation may be due to the presence of GALT tissue or Peyer’s patches that preexist TLS and are considered as TLS due the inclusion of these genes in those normal lymphoid tissues (51, 52). Wang Q and colleagues suggested that the higher proportion of regulatory T cells (Treg) within TLS in tumors might be one of the mechanisms that undermine its prognostic value in CRC (40). Additionally, TLS was significantly associated with OS and PFS in patients receiving immunotherapy. Furthermore, we investigated whether different cut-off criteria would affect the predictive value of TLS for prognosis in GI cancer. In hepatocellular carcinoma (HCC), TLS positivity did not improve patient OS when using “Presence” as the cut-off criteria, whereas it was significantly associated with prolonged OS when using “Density” as the cut-off criteria. This suggests that different cut-off criteria can influence the predictive value of TLS for prognosis in GI cancer, especially in HCC where “Density” is more suitable as the cut-off criteria for TLS. Moreover, in CRC, three studies using “Density” as the cut-off criteria showed no significant association between TLS and OS, and three studies using “Presence” as the cut-off criteria also did not yield meaningful results. Wang Q and colleagues found that TLS density in the surrounding normal tissue could predict the prognosis of CRC patients (40). Additionally, Yamaguchi K and colleagues’ research indicated that a T helper (Th) cell-dominant composition within TLS was an independent risk factor for postoperative recurrence of CRC (53). Li Q and his team have linked the presence of TLS with the density of tumor-infiltrating lymphocytes, and discovered that this combination acts as a prognostic biomarker for oral cancer. The results of their research, as depicted by the Receiver Operating Characteristic (ROC) curve, demonstrated that this combined marker exhibits a remarkably high predictive accuracy for 5-year OS (54). These novel detection methods have the potential to expand the prognostic value of TLS and make TLS a biological marker for CRC prognosis.

In addition, due to significant heterogeneity among TLS identification methods, we further investigated the relationship between the immune microenvironment and TLS in gastrointestinal cancer in the TCGA database using the method proposed by Cabrita et al. to quantify TLSscore based on 9 TLS-related genes. We found that patients in the TLSscore high group had higher levels of immune cell infiltration compared to those in the TLSscore low group. Recent studies have shown that the formation of TLS is mediated by certain pro-inflammatory cytokines and TNF receptor family members, and involves the participation of fibroblasts, perivascular myofibroblasts, and stromal cells (55). However, in gastrointestinal cancer, a large number of patients have low tumor mutation burden and lack immune cell infiltration, making their tumor microenvironment “cold” and resulting in poor response to emerging therapies targeting the tumor immune microenvironment, such as immunotherapy (56, 57). Hooren et al. discovered the formation of TLS during the process of transforming the solid tumor immune microenvironment from “cold” to “hot” using a CD40 agonist, and TLS was found to be correlated with increased infiltration of T cells (58). We speculate that appropriate immune cell infiltration may be associated with the formation of TLS, and the presence of TLS also promotes the infiltration of local immune cells. Numerous studies have shown a significant prolongation of survival time with high density of immune cell infiltration (59–61), which partially explains the improvement in prognosis with TLS. However, our survival analysis based on the TCGA database showed that only liver cancer exhibited a predictive value of TLSscore for prognosis in gastrointestinal cancer, which suggests that we need to consider the applicability of the “9-gene method” in gastrointestinal cancer and further investigate the consistency of different methods such as IHC, HE, and gene markers in TLS evaluation in gastrointestinal cancer in real-world studies. Jiang et al. divided gastric cancer patients in the GSE84437 and TCGA cohorts into two groups based on unsupervised clustering analysis of 39 TLS-related genes, and significant differences in prognosis and immune scores were observed between the two groups (62). We look forward to future validation of the accuracy of the TLS biomarker assessment proposed by them in the real world.

There are several limitations in this meta-analysis. Firstly, some articles did not provide sufficient prognostic data, and some survival statistics data calculated from survival curves using Engauge Digitizer may have biases. Secondly, the majority of included studies were from Asia, which may result in a publication bias to some extent. Additionally, there were fewer studies included in some subgroup analyses, especially in the subgroup of immunotherapy, with only 3 immunotherapy studies included in the analysis and a relatively small sample size (153 cases in total), which may affect the evaluation of the role of TLS in prognosis. Lastly, this meta-analysis only included data related to intratumoral TLS, which cannot fully reflect its predictive role in prognosis.





Conclusion

Despite its limitations, we can conclude that TLS can serve as an excellent prognostic factor for GI cancer, and appropriate cut-off criteria should be selected for different cancer subtypes. In CRC, the focus can be on TLS in the surrounding normal tissue of the tumor or in combination with other predictive indicators to serve as prognostic markers. Furthermore, high-quality and multicenter clinical studies, especially in immunotherapy cohorts, are needed to further elucidate the impact of TLS on the survival outcomes of GI cancer.
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Supplementary Figure 1 | Forest plot showing the relationship between TLS and OS in GI cancers under different cut-off criteria. (A) OS when presence is used as a cut-off criterion; (B) OS subgroup analysis for different cancer types when presence is used as a cut-off criterion. (C) OS when density is used as a cut-off criterion. (D) OS subgroup analysis for different cancer types when density is used as a cut-off criterion. (E) OS when maturity is used as a cut-off criterion.

Supplementary Figure 2 | Forest plot showing the relationship between TLS and RFS in GI cancers under different cut-off criteria. (A) RFS when presence is used as a cut-off criterion; (B) RFS subgroup analysis for different cancer types when presence is used as a cut-off criterion. (C) RFS when density is used as a cut-off criterion.

Supplementary Figure 3 | Forest plot showing the relationship between TLS and OS in GI cancers under different criteria.

Supplementary Figure 4 | Sensitivity analysis. (A)OS; (B)RFS; (C)DFS; (D)PFS; (E) OS when presence is used as a cut-off criterion;(F) OS when density is used as a cut-off criterion; (G) RFS when presence is used as a cut-off criterion.

Supplementary Figure 5 | Funnel plots for detecting publication bias in terms of survival data. (A) OS; (B) RFS; (C) DFS; (D) PFS; (E) OS when presence is used as a cut-off criterion; (F) OS when density is used as a cut-off criterion; (G) RFS when presence is used as a cut-off criterion.

Supplementary Figure 6 | Begg’s and Egger’s funnel plots for detecting publication bias in terms of survival data. (A) Begg’s test of OS;(B) Begg’s test of RFS; (C) Begg’s test of DFS; (D) Begg’s test of PFS; (E) Begg’s test of OS when presence is used as a cut-off criterion; (F) Begg’s test of OS when density is used as a cut-off criterion; (G)Begg’s test of RFS when presence is used as a cut-off criterion; (H) Egger’s test of OS; (I) Egger’s test of RFS; (J) Egger’s test of DFS; (K) Egger’s test of PFS; (L) Egger’s test of OS when presence is used as a cut-off criterion;(M) Egger’s test of OS when density is used as a cut-off criterion; (N) Egger’s test of RFS when presence is used as a cut-off criterion.

Supplementary Figure 7 | Two groups of TLSscore immunity, matrix, and ESTIMATE scores based on the analysis using the ESTIMATE algorithm. (A) GC, (B) CRC, (C) EC, (D) HCC, (E) PC, (F) ICC.

Supplementary Figure 8 | Survival analysis of Gl cancers based on TLSscore grouping. (A) GC, (B) CRC, (C) EC, (D) HCC, (E) PC, (F) ICC.




References

1. Huang, J, Lucero-Prisno, DE, Zhang, L, Xu, W, Wong, SH, Ng, SC, et al. Updated epidemiology of gastrointestinal cancers in East Asia. Nat Rev Gastroenterol Hepatol (2023) 20(5):271–87. doi: 10.1038/s41575-022-00726-3

2. Kayamba, V. Nutrition and upper gastrointestinal cancers: An overview of current understandings. Semin Cancer Biol (2022) 83:605–16. doi: 10.1016/j.semcancer.2021.03.004

3. Kashyap, S, Pal, S, Chandan, G, Saini, V, Chakrabarti, S, Saini, NK, et al. Understanding the cross-talk between human microbiota and gastrointestinal cancer for developing potential diagnostic and prognostic biomarkers. Semin Cancer Biol (2022) 86(Pt 3):643–51. doi: 10.1016/j.semcancer.2021.04.020

4. Villariba-Tolentino, C, Cariño, AM, Notarte, KI, Macaranas, I, Fellizar, A, Tomas, RC, et al. pks+ Escherichia coli more prevalent in benign than Malignant colorectal tumors. Mol Biol Rep (2021) 48(7):5451–8. doi: 10.1007/s11033-021-06552-1

5. Notarte, KI, Senanayake, S, Macaranas, I, Albano, PM, Mundo, L, Fennell, E, et al. MicroRNA and other non-coding RNAs in epstein-barr virus-associated cancers. Cancers (Basel) (2021) 13(15):2. doi: 10.3390/cancers13153909

6. Wang, Z-X, Pan, Y-Q, Li, X, Tsubata, T, and Xu, R-H. Immunotherapy in gastrointestinal cancers: advances, challenges, and countermeasures. Sci Bull (Beijing). (2023) 68(8):763–6. doi: 10.1016/j.scib.2023.03.036

7. Shen, X, and Zhao, B. Efficacy of PD-1 or PD-L1 inhibitors and PD-L1 expression status in cancer: meta-analysis. BMJ (2018) 362:k3529. doi: 10.1136/bmj.k3529

8. Chen, Y, Sun, Z, Wan, L, Chen, H, Xi, T, and Jiang, Y. Tumor microenvironment characterization for assessment of recurrence and survival outcome in gastric cancer to predict chemotherapy and immunotherapy response. Front Immunol (2022) 13:890922. doi: 10.3389/fimmu.2022.890922

9. Fridman, WH, Meylan, M, Petitprez, F, Sun, C-M, Italiano, A, and Sautès-Fridman, C. B cells and tertiary lymphoid structures as determinants of tumour immune contexture and clinical outcome. Nat Rev Clin Oncol (2022) 19(7):441–57. doi: 10.1038/s41571-022-00619-z

10. Vanhersecke, L, Brunet, M, Guégan, J-P, Rey, C, Bougouin, A, Cousin, S, et al. Mature tertiary lymphoid structures predict immune checkpoint inhibitor efficacy in solid tumors independently of PD-L1 expression. Nat Cancer. (2021) 2(8):794–802. doi: 10.1038/s43018-021-00232-6

11. Posch, F, Silina, K, Leibl, S, Mündlein, A, Moch, H, Siebenhüner, A, et al. Maturation of tertiary lymphoid structures and recurrence of stage II and III colorectal cancer. Oncoimmunology. (2018) 7(2):e1378844. doi: 10.1080/2162402X.2017.1378844

12. Yamakoshi, Y, Tanaka, H, Sakimura, C, Deguchi, S, Mori, T, Tamura, T, et al. Immunological potential of tertiary lymphoid structures surrounding the primary tumor in gastric cancer. Int J Oncol (2020) 57(1):171–82. doi: 10.3892/ijo.2020.5042

13. Zhang, W-H, Wang, W-Q, Han, X, Gao, H-L, Xu, S-S, Li, S, et al. Infiltrating pattern and prognostic value of tertiary lymphoid structures in resected non-functional pancreatic neuroendocrine tumors. J Immunother Cancer (2020) 8(2):6. doi: 10.1136/jitc-2020-001188

14. Schweiger, T, Berghoff, AS, Glogner, C, Glueck, O, Rajky, O, Traxler, D, et al. Tumor-infiltrating lymphocyte subsets and tertiary lymphoid structures in pulmonary metastases from colorectal cancer. Clin Exp Metastasis (2016) 33(7):727–39. doi: 10.1007/s10585-016-9813-y

15. Yu, J-S, Huang, W-B, Zhang, Y-H, Chen, J, Li, J, Fu, H-F, et al. The association of immune cell infiltration and prognostic value of tertiary lymphoid structures in gastric cancer. Neoplasma. (2022) 69(4):886–98. doi: 10.4149/neo_2022_220128N123

16. Cheng, N, Li, P, Cheng, H, Zhao, X, Dong, M, Zhang, Y, et al. Prognostic value of tumor-infiltrating lymphocytes and tertiary lymphoid structures in epstein-barr virus-associated and -negative gastric carcinoma. Front Immunol (2021) 12:692859. doi: 10.3389/fimmu.2021.692859

17. Yin, Y-X, Ling, Y-H, Wei, X-L, He, C-Y, Wang, B-Z, Hu, C-F, et al. Impact of mature tertiary lymphoid structures on prognosis and therapeutic response of Epstein-Barr virus-associated gastric cancer patients. Front Immunol (2022) 13:973085. doi: 10.3389/fimmu.2022.973085

18. Ahmed, A, and Halama, N. Tertiary lymphoid structures in colorectal cancer liver metastases: association with immunological and clinical parameters and chemotherapy response. Anticancer Res (2020) 40(11):6367–73. doi: 10.21873/anticanres.14657

19. Liberati, A, Altman, DG, Tetzlaff, J, Mulrow, C, Gøtzsche, PC, Ioannidis, JPA, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of studies that evaluate health care interventions: explanation and elaboration. PloS Med (2009) 6(7):e1000100. doi: 10.1371/journal.pmed.1000100

20. Parmar, MK, Torri, V, and Stewart, L. Extracting summary statistics to perform meta-analyses of the published literature for survival endpoints. Stat Med (1998) 17(24):2815–34. doi: 10.1002/(SICI)1097-0258(19981230)17:24<2815::AID-SIM110>3.0.CO;2-8

21. Stang, A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonrandomized studies in meta-analyses. Eur J Epidemiol. (2010) 25(9):603–5. doi: 10.1007/s10654-010-9491-z

22. Cabrita, R, Lauss, M, Sanna, A, Donia, M, Skaarup Larsen, M, Mitra, S, et al. Tertiary lymphoid structures improve immunotherapy and survival in melanoma. Nature. (2020) 577(7791):561–5. doi: 10.1038/s41586-019-1914-8

23. Karjula, T, Kemi, N, Niskakangas, A, Mustonen, O, Puro, I, Pohjanen, V-M, et al. The prognostic role of tumor budding and tumor-stroma ratio in pulmonary metastasis of colorectal carcinoma. Eur J Surg Oncol (2023) 49(7):1298–306. doi: 10.1016/j.ejso.2023.02.009

24. Mori, T, Tanaka, H, Suzuki, S, Deguchi, S, Yamakoshi, Y, Yoshii, M, et al. Tertiary lymphoid structures show infiltration of effective tumor-resident T cells in gastric cancer. Cancer Sci (2021) 112(5):1746–57. doi: 10.1111/cas.14888

25. Mori, T, Tanaka, H, Deguchi, S, Yamakoshi, Y, Miki, Y, Yoshii, M, et al. Clinical efficacy of nivolumab is associated with tertiary lymphoid structures in surgically resected primary tumors of recurrent gastric cancer. PloS One (2022) 17(1):e0262455. doi: 10.1371/journal.pone.0262455

26. Zhan, Z, Shi-Jin, L, Yi-Ran, Z, Zhi-Long, L, Xiao-Xu, Z, Hui, D, et al. High endothelial venules proportion in tertiary lymphoid structure is a prognostic marker and correlated with anti-tumor immune microenvironment in colorectal cancer. Ann Med (2023) 55(1):114–26. doi: 10.1080/07853890.2022.2153911

27. Karjula, T, Niskakangas, A, Mustonen, O, Puro, I, Elomaa, H, Ahtiainen, M, et al. Tertiary lymphoid structures in pulmonary metastases of microsatellite stable colorectal cancer. Virchows Arch (2023) 483:27–9. doi: 10.1007/s00428-023-03577-8

28. Wen, S, Chen, Y, Hu, C, Du, X, Xia, J, Wang, X, et al. Combination of tertiary lymphoid structure and neutrophil-to-lymphocyte ratio predicts survival in patients with hepatocellular carcinoma. Front Immunol (2021) 12:788640. doi: 10.3389/fimmu.2021.788640

29. Li, H, Liu, H, Fu, H, Li, J, Xu, L, Wang, G, et al. Peritumoral tertiary lymphoid structures correlate with protective immunity and improved prognosis in patients with hepatocellular carcinoma. Front Immunol (2021) 12:648812. doi: 10.3389/fimmu.2021.648812

30. Li, J, Nie, Y, Jia, W, Wu, W, Song, W, and Li, Y. Effect of tertiary lymphoid structures on prognosis of patients with hepatocellular carcinoma and preliminary exploration of its formation mechanism. Cancers (Basel) (2022) 14(20):7–9. doi: 10.3390/cancers14205157

31. Li, H, Wang, J, Liu, H, Lan, T, Xu, L, Wang, G, et al. Existence of intratumoral tertiary lymphoid structures is associated with immune cells infiltration and predicts better prognosis in early-stage hepatocellular carcinoma. Aging (Albany NY). (2020) 12(4):3451–72. doi: 10.18632/aging.102821

32. Zhang, T, Lei, X, Jia, W, Li, J, Nie, Y, Mao, Z, et al. Peritumor tertiary lymphoid structures are associated with infiltrating neutrophils and inferior prognosis in hepatocellular carcinoma. Cancer Med (2023) 12(3):3068–78. doi: 10.1002/cam4.5227

33. Hayashi, Y, Makino, T, Sato, E, Ohshima, K, Nogi, Y, Kanemura, T, et al. Density and maturity of peritumoral tertiary lymphoid structures in oesophageal squamous cell carcinoma predicts patient survival and response to immune checkpoint inhibitors. Br J Cancer (2023) 128(12):2175–85. doi: 10.1038/s41416-023-02235-9

34. Li, R, Huang, X, Yang, W, Wang, J, Liang, Y, Zhang, T, et al. Tertiary lymphoid structures favor outcome in resected esophageal squamous cell carcinoma. J Pathol Clin Res (2022) 8(5):422–35. doi: 10.1002/cjp2.281

35. Deguchi, S, Tanaka, H, Suzuki, S, Natsuki, S, Mori, T, Miki, Y, et al. Clinical relevance of tertiary lymphoid structures in esophageal squamous cell carcinoma. BMC Cancer. (2022) 22(1):699. doi: 10.1186/s12885-022-09777-w

36. Gunderson A, J, Rajamanickam, V, Bui, C, Bernard, B, Pucilowska, J, Ballesteros-Merino, C, et al. Germinal center reactions in tertiary lymphoid structures associate with neoantigen burden, humoral immunity and long-term survivorship in pancreatic cancer. Oncoimmunology (2021) 10(1):1900635. doi: 10.1080/2162402X.2021.1900635

37. Tanaka, T, Masuda, A, Inoue, J, Hamada, T, Ikegawa, T, Toyama, H, et al. Integrated analysis of tertiary lymphoid structures in relation to tumor-infiltrating lymphocytes and patient survival in pancreatic ductal adenocarcinoma. J Gastroenterol (2023) 58(3):277–91. doi: 10.1007/s00535-022-01939-8

38. Shang, T, Jiang, T, Lu, T, Wang, H, Cui, X, Pan, Y, et al. Tertiary lymphoid structures predict the prognosis and immunotherapy response of cholangiocarcinoma. Front Immunol (2023) 14:1166497. doi: 10.3389/fimmu.2023.1166497

39. Zhang, F-P, Zhu, K, Zhu, T-F, Liu, C-Q, Zhang, H-H, Xu, L-B, et al. Intra-tumoral secondary follicle-like tertiary lymphoid structures are associated with a superior prognosis of overall survival of perihilar cholangiocarcinoma. Cancers (Basel) (2022) 14(24). doi: 10.3390/cancers14246107

40. Wang, Q, Shen, X, An, R, Bai, J, Dong, J, Cai, H, et al. Peritumoral tertiary lymphoid structure and tumor stroma percentage predict the prognosis of patients with non-metastatic colorectal cancer. Front Immunol (2022) 13:962056. doi: 10.3389/fimmu.2022.962056

41. Sautès-Fridman, C, Petitprez, F, Calderaro, J, and Fridman, WH. Tertiary lymphoid structures in the era of cancer immunotherapy. Nat Rev Cancer (2019) 19(6):307–25. doi: 10.1038/s41568-019-0144-6

42. Petitprez, F, de Reyniès, A, Keung, EZ, Chen, TW-W, Sun, C-M, Calderaro, J, et al. B cells are associated with survival and immunotherapy response in sarcoma. Nature (2020) 577(7791):556–60. doi: 10.1038/s41586-019-1906-8

43. Italiano, A, Bessede, A, Pulido, M, Bompas, E, Piperno-Neumann, S, Chevreau, C, et al. Pembrolizumab in soft-tissue sarcomas with tertiary lymphoid structures: a phase 2 PEMBROSARC trial cohort. Nat Med (2022) 28(6):1199–206. doi: 10.1038/s41591-022-01821-3

44. Schumacher, TN, and Thommen, DS. Tertiary lymphoid structures in cancer. Science (2022) 375(6576):eabf9419. doi: 10.1126/science.abf9419

45. Engelhard, V, Conejo-Garcia, JR, Ahmed, R, Nelson, BH, Willard-Gallo, K, Bruno, TC, et al. B cells and cancer. Cancer Cell (2021) 39(10):1293–6. doi: 10.1016/j.ccell.2021.09.007

46. Hu, X, and Liu, XS. A high-resolution view of intra-tumoral B cell immunity. Immunity. (2022) 55(3):387–9. doi: 10.1016/j.immuni.2022.02.009

47. Paijens, ST, Vledder, A, de Bruyn, M, and Nijman, HW. Tumor-infiltrating lymphocytes in the immunotherapy era. Cell Mol Immunol (2021) 18(4):842–59. doi: 10.1038/s41423-020-00565-9

48. Rodriguez, AB, and Engelhard, VH. Insights into tumor-associated tertiary lymphoid structures: novel targets for antitumor immunity and cancer immunotherapy. Cancer Immunol Res (2020) 8(11):1338–45. doi: 10.1158/2326-6066.CIR-20-0432

49. Ye, Z, Zeng, D, Zhou, R, Shi, M, and Liao, W. Tumor microenvironment evaluation for gastrointestinal cancer in the era of immunotherapy and machine learning. Front Immunol (2022) 13:819807. doi: 10.3389/fimmu.2022.819807

50. Zhao, Z, Ding, H, Lin, Z-B, Qiu, S-H, Zhang, Y-R, Guo, Y-G, et al. Relationship between tertiary lymphoid structure and the prognosis and clinicopathologic characteristics in solid tumors. Int J Med Sci (2021) 18(11):2327–38. doi: 10.7150/ijms.56347

51. Le Rochais, M, Hémon, P, Ben-Guigui, D, Garaud, S, Le Dantec, C, Pers, J-O, et al. Deciphering the maturation of tertiary lymphoid structures in cancer and inflammatory diseases of the digestive tract using imaging mass cytometry. Front Immunol (2023) 14:1147480. doi: 10.3389/fimmu.2023.1147480

52. Jørgensen, PB, Fenton, TM, Mörbe, UM, Riis, LB, Jakobsen, HL, Nielsen, OH, et al. Identification, isolation and analysis of human gut-associated lymphoid tissues. Nat Protoc (2021) 16(4):2051–67. doi: 10.1038/s41596-020-00482-1

53. Yamaguchi, K, Ito, M, Ohmura, H, Hanamura, F, Nakano, M, Tsuchihashi, K, et al. Helper T cell-dominant tertiary lymphoid structures are associated with disease relapse of advanced colorectal cancer. Oncoimmunology (2020) 9(1):1724763. doi: 10.1080/2162402X.2020.1724763

54. Li, Q, Liu, X, Wang, D, Wang, Y, Lu, H, Wen, S, et al. Prognostic value of tertiary lymphoid structure and tumour infiltrating lymphocytes in oral squamous cell carcinoma. Int J Oral Sci (2020) 12(1):24. doi: 10.1038/s41368-020-00092-3

55. Pipi, E, Nayar, S, Gardner, DH, ColaFrancesco, S, Smith, C, and Barone, F. Tertiary lymphoid structures: autoimmunity goes local. Front Immunol (2018) 9:1952. doi: 10.3389/fimmu.2018.01952

56. Xu, M, Chang, J, Wang, W, Wang, X, Wang, X, Weng, W, et al. Classification of colon adenocarcinoma based on immunological characterizations: Implications for prognosis and immunotherapy. Front Immunol (2022) 13:934083. doi: 10.3389/fimmu.2022.934083

57. Wang, X, Xu, Y, Dai, L, Yu, Z, Wang, M, Chan, S, et al. A novel oxidative stress- and ferroptosis-related gene prognostic signature for distinguishing cold and hot tumors in colorectal cancer. Front Immunol (2022) 13:1043738. doi: 10.3389/fimmu.2022.1043738

58. van Hooren, L, Vaccaro, A, Ramachandran, M, Vazaios, K, Libard, S, van de Walle, T, et al. Agonistic CD40 therapy induces tertiary lymphoid structures but impairs responses to checkpoint blockade in glioma. Nat Commun (2021) 12(1):4127. doi: 10.1038/s41467-021-24347-7

59. Kim, Y, Rhee, Y-Y, Wen, X, Cho, N-Y, Bae, JM, Kim, WH, et al. Combination of L1 methylation and tumor-infiltrating lymphocytes as prognostic marker in advanced gastric cancer. Gastric Cancer (2020) 23(3):464–72. doi: 10.1007/s10120-019-01025-8

60. Laghi, L, Negri, F, Gaiani, F, Cavalleri, T, Grizzi, F, De’ Angelis, GL, et al. Prognostic and predictive cross-roads of microsatellite instability and immune response to colon cancer. Int J Mol Sci (2020) 21(24):5–7. doi: 10.3390/ijms21249680

61. Ku, YJ, Kim, HH, Cha, JH, Shin, HJ, Baek, SH, Lee, HJ, et al. Correlation between MRI and the level of tumor-infiltrating lymphocytes in patients with triple-negative breast cancer. AJR Am J Roentgenol (2016) 207(5):1146–51. doi: 10.2214/AJR.16.16248

62. Jiang, Q, Tian, C, Wu, H, Min, L, Chen, H, Chen, L, et al. Tertiary lymphoid structure patterns predicted anti-PD1 therapeutic responses in gastric cancer. Chin J Cancer Res (2022) 34(4):365–82. doi: 10.21147/j.issn.1000-9604.2022.04.05




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Yu, Cao, Zhang, Yang, Ma, Zhang, Zhao, Ma, Fan, Han and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fimmu-14-1256355-g001.jpg
Identification

(=2}
=
3
,‘,§
Ly

Records identified from:
Web of science (n=2934)
Pubmed (n=1534)
Embase (n=3291)
Cochrane Library (n=30)

Records screened
(n=3354)

Reports assessed for eligibility
(n=68)

Literatures included in qualitative
synthesis
(n=25)

Studies included in qualitative
synthesis
(n=32)

Records removed before
screening:
Duplicate records removed
(n =4435)

Records excluded(n=3286 )
Other types of cancers(n=2412)
Comment,letter,edit,reviews and
meta-analysis(n=874)

Reports excluded(n=43)
No insufficient data(n=19)
No prognostic information(n=24)






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        The prognostic value of the tertiary lymphoid structure in gastrointestinal cancers

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Systematic review registration

        



        		

          Introduction

        



        		

          Methods

        

          		

            Literature search strategies

          



          		

            Inclusion and exclusion criteria

          



          		

            Data extraction and quality assessment

          



          		

            Bioinformatics analysis

          



          		

            Statistical analysis

          



        



        



        		

          Results

        

          		

            Characteristics of studies

          



          		

            TLS and OS

          



          		

            TLS and RFS, DFS, PFS

          



          		

            TLS and ICIs

          



          		

            TLS and cut-off criteria

          



          		

            Sensitivity analysis and publication bias

          



          		

            TLS and bioinformatics analysis

          



        



        



        		

          Discussion

        



        		

          Conclusion

        



        		

          Data availability statement

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fimmu-14-1256355-g005.jpg
TLSscore B high B low

ns
s
x
d
q,«
3
.
#;#
)

%
H

&{\

«&‘3}

R
& R

. . n, ", .

- 5 [ %6, %, S 2 .

2 4= .\\aes 5 i = L

H—— oy, %, R t
%

: — [ : L

ssGSEA

TLSscore B high B low

TLsscore B3 high B low
.
.
. i
s,
l .
LTI
SN
S S & &
S 8 p
o« =
& & &
s& «
T T T,
., .
. i
.
*
'l #

&
<

/\ﬁ\c’
()

&
&
™

.
.
.
1 3
H.
.
S > > >
CaPCa a@&\@
S & &
& G
& &
& & &
C S @
& & S
.
ﬂ#ﬂ#*

B

i
.ﬂ
\4
@“ﬁoh

&
C

1 ]

_— e, B
S 3 & 5 & T %% % ¢ ¥ & o & =
S 3 S s 8 3 % e 3 s 8 § 3
3
uoissaidxg uoissadx3 uvoissasdxg

ssGSEA





OEBPS/Images/fimmu-14-1256355-g003.jpg
A

sty (yoan)

Mo Y et al. (2022(Cls) ———tt
[—— —_—

oy Yol QoG
Shang Tt 12 |

Shang T et 202341is)

HR (o5 )

0340023, 380)
043028,005)
onom 07
080064.099)
068041,113)

050041,085)

589
240
T
w51
21

10000

P memen oo
[Sp— — weerm  w
[ rr— — 1 csemim  om
Scmein ol 20 S——g——— oes2m sm
[ — —a— onamom  sa
Litetal (2021(Vakdation)) — 039023.006) 1045
R e oomom  aw
R p—— — R
[EEp— —_— omonom e
R p— : wnouam s
P —— : omeorom 24
Zneng tol 022 — = omomim s
Do s et 2022) - — osem s 225
vt v+ % 02 <> osamom o0
NOTEWasanhvan-uhguphtrgensy st s b s mode
B

N
ot mesmen e
- wwezom  wm
E—— T
e 02 omemim  wn
P wwewom 1w
[p—— cwomos  ww
[pnp— caomom o
Overat, V(1 = 5.7%p = 0.380) 052(042,065) 10000

%

5 1oas

NOTE:Weights and betwean-subgroup heterogeneit test are from random-afects model





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-14-1256355-g004.jpg
.

sty o) o) g
Mo Yt @220 —_— o070 380 165
g Tetol QNG ou029.08) P
047028080 000

NOTE:Weights nd betwoar-subgroup heterogenady est arefrom focafects model

swaymn)
MYt o220 R —
Moy et puz30G8) —_——

STt oI

v v 3200, 20220

ey

omom 3

os10070
osoa 11

oss0m.0mm

e

i

NOTE Weights and betwoen-subgroup heterogenety test are from fxed-eflects model





OEBPS/Images/fimmu.2023.1256355_cover.jpg
’ frontiers l Frontiers in Immunology

The prognostic value of the tertiary
lymphoid structure in gastrointestinal
cancers





OEBPS/Images/fimmu-14-1256355-g006.jpg
Expression

TLSscore B3 hish BE low

1 oL
TR e

Expression

ssGSEA

TiSscore B high B low

_— T
o &5 T AL

Expression

TLSscore B3 high B fow

s ns T ons ns ns

AT BT nIRITE
g ' M. Ay H ﬁ#ﬂ#ﬁ

ssGSEA





OEBPS/Images/table1.jpg
region Sample Cancer Cut-off crite- = Follow-up time Survival NOS

size types ria (months) analysis score
Cheng N.2021 (16) China 846 585/261 GC Presence 22.1 (1-99) (e 8
Yu J.2022 (15) China 118 82/36 GC Density (0-120) 0S,DFS 7
Kemi N.2023 (23) Finland 583 425/296 GC maximal diameter 28(1,432) [eN 8
Yin Y.2022(Training) China 148 131/17 GC Degree of maturity (0-60) os 8
a7
Yin Y.2022 China 76 NR GC Degree of maturity | NR os 8
(Validation) (17)
Mori Y.2021 (24) Japan 261 182/92 GC Density (0-70) 0os 7
Mori Y.2022(ICIs) Japan 19 12/7 GC Density (0-27) OS,PFS 7
(25)
Yamakoshi Y.2020 Japan 226 162/64 GC Density (0-90) DFS 8
(12)
Ahmed A.2020 (18) German 21 14/7 CRC Density (0-70) [N 6
Zhan Z.2023 (26) China 203 128/75 CRC Density 50(0-70) OS,DFS 8
Schweiger T.2016 Austria 57 33/24 CRC Presence (1-140) OS,RFS 7
(14)
Karjula T.2023 (27) Finland 67 34/33 CRC Density, maximal 40.2(5-233) 0S 7

diameter

Wang Q. 2022 China 114 65/49 CRC Presence (0-60) OS,RFS 8
(Training) (40)
Wang Q. 2022 China 60 37/23 CRC Presence (0-60) OS,RFS 8
(Validation) (40)
Wen $.2021 (28) China 85 75/13 HCC Density 44(0-60) 0S 8
Li H.2021(Training) China 240 202/38 HCC Density, Presence 60.3(2.4-111.7) OS,RFS 8
(29)
Li H.2021 China 120 99/21 HCC Density, Presence NR OS,RFS 8
(Validation) (29)
Li].2022 (30) China 150 125/25 HCC Presence (0-80) OS,RFS 7
Li H.2020(Training) China 303 251/52 HCC Presence 61.3(1.5-119.4) OS,RFS 8
(31)
Li H.2020 China 159 132/27 HCC Presence NR OS,RFS 8

(Validation) (31)

Zhang T.2022 (32) China 170 143/27 HCC Density (0-70) OS,DFS 7
Hayashi Y.2023 (33) Japan 316 255/61 EC Density (0-120) OS,PFS 7
Hayashi Y.2023(ICIs) Japan 34 2717 EC Density (0-41) PFS 7
(33)

Deguchi $.2022 (35) Japan 84 NR EC Presence 51(0-100) RFS 7
Li R.2022(Training) China 122 102/20 EC Density, Presence (0-50) OS,DFS 8
(34)

Zhang W (Training) China 182 87/95 PC Presence 39 (1.5-95) OS,RFS 7
13)

Zhang China 125 60/65 PC Presence 58 (10-96) OS,RFS 7
‘W.(Validation) (13)

Gunderson A.2021 America 63 37/26 PC Density (0-64) [eN 8
(36)

‘ Tanaka T.2023 (37) Japan 162 90/72 PC Presence 26 (1-122) oS 8
Shang T.2023 (38) China 471 160/311 1cc Density (0-80) OS,PFS 8
Shang T.2023(ICls) China 100 NR 1cc Density (0-50) OS,PFS 8
(38)

Zhang P.2022 (39) China 93 53/40 1cC Degree of maturity,  (0-108) OS,RES 8
Presence

GC Gastric cancer, CRC Colorectal cancer, EC Esophageal cancer, HCC Hepatocellular carcinoma, PC Pancreatic cancer, ICC Cholangiocarcinoma.
Follow-up time(months):medians(ranges).
NR, Not available.
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