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Background

The prognostic value of human leukocyte antigen G (HLA-G) expression in gastrointestinal (GI) cancers remains controversial. Thus, this meta-analysis aimed to summarize available evidence from case-control or cohort studies that evaluated this association.



Methods

The PubMed, EMBASE, Cochrane Library, and Web of Science databases were searched to identify relevant studies written in English published up to April 1, 2021, and with no initial date. Furthermore, the Google Scholar and Google databases were also searched manually for gray literature. The protocol for this meta-analysis was registered at PROSPERO (CRD42020213411). Pooled hazard ratios (HRs) or odds ratios (ORs) and 95% confidence intervals (CIs) were estimated for end points using fixed- and random-effects statistical models to account for heterogeneity. Publication bias was evaluated using a funnel plot, Begg’s and Egger’s tests, and the “trim and fill” method.



Results

A total of 30 eligible articles with 5737 unique patients, including 12 studies on colorectal cancer (CRC), 6 on gastric cancer (GC), 5 on esophageal cancer (ESCC), 5 on hepatocellular carcinoma (HCC), and 2 on pancreatic adenocarcinoma (PC), were retrieved. Both univariate (HR = 2.01, 95% CI: 1.48 ~ 2.72) and multivariate (HR = 2.69, 95% CI: 2.03 ~ 3.55) analyses revealed that HLA-G expression was significantly correlated with poor overall survival (OS), regardless of the cancer type or antibody used. Subgroup analysis stratified by antibody showed that the 4H84 (I2 = 45.8%, P = 0.101) antibodies could be trustworthy and reliable for detecting HLA-G expression in GI cancers. In addition, HLA-G expression was found to be correlated with adverse clinicopathological parameters such as clinical stage, nodal status, metastasis, and histological grade but not tumor status.



Conclusion

Elevated HLA-G expression indicates a poor prognosis for GI cancer patients, and screening for this marker could allow for the early diagnosis and treatment of GI cancers to improve survival rates.
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Introduction

Gastrointestinal (GI) cancers, composed of esophageal, colorectal, pancreatic, stomach, and liver cancers, are the most common malignancies worldwide, accounting for one-quarter of the global cancer incidence. In 2018, the estimated number of GI cancer-related deaths reached 3.4 million, accounting for one-third (35%) of the total deaths (1). Recent studies have predicted that the number of GI cancer-related deaths will increase by 73% to 5.6 million by 2040 (2, 3). Advances in cancer treatment have markedly improved the clinical outcomes of colorectal cancer (CRC) and gastric cancer (GC), including relief of symptoms and prolonged survival (4, 5), and have therefore decreased their mortality rates. However, some of these tumors and high-risk adenomas are potentially curable if they are detected and removed at an early stage. The five-year survival rate of CRC ranges from 91% for patients with localized disease down to 71% and 14% for patients with regional and distant metastasis, respectively (6). Therefore, novel biomarkers to improve cancer diagnosis and prognosis are crucial for reducing cancer burden and mortality.

Human leukocyte antigen G (HLA-G), a nonclassical HLA class I molecule, includes at least 4 membrane-bound subtypes (HLA-G1-HLA-G4) and 3 soluble subtypes (HLA-G5-HLA-G7). Recent evidence has shown that HLA-G has direct immunosuppressive effects on natural killer (NK) cells, dendritic cells (DCs), and T cells and that HLA-G can induce tolerogenic regulatory CD4(+)CD25(+)FoxP3(+) T cells, DCs, and NK cells, which provide these immune effectors with long-term immunomodulatory functions (7). In various malignancies, abnormal HLA-G expression in cancer lesions or increased levels of circulating HLA-G (sHLA-G) have long been observed (8–19). Generally, HLA-G expression in tumor tissue is detected by immunohistochemistry (IHC) or Western blotting (WB) using antibodies such as 4H84, 5A6G7, HGY, MEM-G/1 or MEM-G/2, and plasma sHLA-G levels are quantified using a commercial ELISA kit. HLA-G expression is well established as a mechanism used by tumor cells to escape host immune surveillance and maintain their survival and growth; for example, HLA-G expression can allow tumor cells to escape cytotoxic T lymphocyte-mediated recognition and destruction (20). The potential relationship between tumor cells and their microenvironment, including immune system components, plays an important role in the development, growth and spread of GI cancers (21–23). Studies on the prognostic value of HLA-G and its association with clinicopathological parameters in GI cancer patients have presented conflicting results (24–39). Some studies have demonstrated that positive HLA-G expression or increased levels of circulating sHLA-G are associated with unfavorable survival (24, 25, 27–29, 32, 34, 35, 37, 39), while others have found no significant association (31, 36, 38, 40, 41). Some studies (12, 24, 28, 41, 42) have reported that HLA-G expression in GI cancer patients is correlated with certain clinicopathological characteristics, while others (32, 35, 36, 38, 43) have reached the opposite conclusion. However, it remains uncertain whether HLA-G can be used as a marker for GI cancer, so comprehensive analysis and related studies are still needed. In addition, the limited predictive power of the traditional staging system was due to its reliance only on tumor cell characteristics but ignored the host immune response against cancers (44). Therefore, patient stratification based on both traditional staging and molecular profiling of prognostic biomarkers is warranted to improve the diagnosis and prognosis of cancer patients and to refine the treatment protocol. We expect that HLA-G can be used as a convenient, accurate and low-cost test for adjuvant diagnosis of patients, as well as for large-scale population screening for GI cancer.

Therefore, we conducted a systematic review to combine the best available evidence from identified individual studies, with the intention of elucidating the prognostic value of HLA-G and the association of HLA-G with the clinicopathological parameters of GI cancer patients under various settings, to arrive at some more certain conclusions.



Material and Methods


Data Sources and Search Strategy

This meta-analysis was performed in accordance with the Preferred Reporting Items for Systematic Review and Meta-Analyses (PRISMA) statement. The protocol was registered in the PROSPERO database (CRD42020213411), and the PRISMA checklist is attached as Supplementary Table 1.

A comprehensive search of the literature from the PubMed, EMBASE, Cochrane Library, and Web of Science databases was conducted for studies written in English published up to April 1, 2021, and with no initial date. Google Scholar and the Google databases were also searched manually for gray literature. The terms used in this search were colorectal cancer/colon and rectal cancer (CRC), colon cancer (COAD), rectal cancer (RC), stomach cancer/gastric cancer (GC), esophageal cancer (ESCC), pancreatic cancer/pancreatic adenocarcinoma (PC), liver cancer/hepatocellular carcinoma (HCC), small bowel cancer (SBC), gastrointestinal cancer (GI), and human leukocyte antigen G (HLA-G), combined using Boolean operators “AND” and “OR”. Two investigators (YJP and WYL) independently screened the titles, abstracts, and full texts of all articles for eligibility and determined the articles for final inclusion by group consensus. The detailed literature search strategy is presented in Supplementary Table 2.



Inclusion and Exclusion Criteria

The original studies identified from the search results were screened for eligibility according to the following inclusion criteria: (1) patients in the studies should have a confirmed diagnosis of GI cancer; (2) the studies should include HLA-G expression in tumor tissue or soluble HLA-G in plasma or serum measured before treatment; and (3) the studies should include the associations between the expression of HLA-G in the tissue or serum and the overall survival (OS), progression-free survival (PFS), metastasis-free survival (MFS) or clinicopathological parameters. The exclusion criteria were as follows: (1) duplicates; (2) narrative reviews, meta-analyses or conference abstracts; (3) cell research or animal-based research; and (4) studies without insufficient data.



Data Extraction

Two authors (YP and WL) extracted data independently in duplicate from all eligible studies using a prespecified standard data extraction form including the following information: first author’s name, year of publication, country, sample size, tumor type, sex, age, HLA-G measurement technique, measure of HLA-G or sHLA-G (positive/negative, strong/weak, or high/low), depth of invasion (tumor status), nodal status, metastasis status, tumor-node-metastasis (TNM) stage, histological differentiation (tumor grade), follow-up time, and hazard ratios (HRs) with 95% confidence intervals (CIs) for both univariate and multivariate analyses. GI cancer was diagnosed by pathological examination in each study. For accuracy, all data were cross-checked against the original publications. In case of missing data, attempts were made to contact the corresponding authors. Studies were excluded if no replies were received.



Quality Assessment

The quality of each study was evaluated using the guidelines of the Newcastle-Ottawa Scale (NOS) by two reviewers independently. Each study was assessed based on three major aspects, namely, selection, comparability, and exposure, with a score ranging from 0 to 9. Studies awarded scores of six or higher were considered high quality. Disagreements between the review authors over the risk of bias were resolved by a third author and discussed until a consensus was reached.



Outcome Measures

The primary outcome measures were the expression level in tumor tissues and plasma levels of HLA-G. HLA-G expression was calculated according to the staining intensity of positive cells using various antibodies. HLA-G was also measured directly in serum or plasma. The secondary outcome measures were clinicopathological parameters, such as clinical stage, tumor status (T), nodal status (N), metastasis (M), and histological grade.



Statistical Methods

Stata (version 11.0; Stata Corporation, College Station, TX, USA) was used for all statistical tests. HRs and 95% CIs were extracted from all included articles to estimate the prognostic value of HLA-G in GI cancers. Sensitivity analysis was performed to assess the stability of the meta-analysis. A cumulative meta-analysis was conducted to identify any trend in the estimates over time. The I2 statistic and the Cochrane Q test were used to quantify statistical heterogeneity when P < 0.050 for the χ2 test, and I2 > 50% indicated statistical heterogeneity between studies. When warranted, the random-effects model was applied for pooling. Sensitivity analysis was also performed to identify which article was the main determinant of the pooled result and the main source of heterogeneity. Subsequent subgroup analyses were performed to explore the between-study heterogeneity. Publication bias was evaluated by funnel plots, and Egger’s and Begg’s tests were used to assess funnel plot asymmetry. Trim and fill techniques were considered n cases of substantial publication bias.




Results


Characteristics of the Included Studies

Figure 1 outlines the detailed process of study selection. Following the prespecified search strategy, a total of 695 publications were obtained from all the databases, with 626 studies remaining after removing duplicates. After reading the titles and/or abstracts, 581 were further excluded for various reasons, and 30 eligible studies were ultimately included in this systematic review. These articles were published between 1998 and 2020, among which 20 were conducted in China, 3 were conducted in Japan, 1 was conducted in Turkey, 2 were conducted in the Netherlands, 2 were conducted in Iran, 1 was conducted in Australia, and 1 was conducted in Italy. Of the 30 articles included in the meta-analysis, there were 12 studies on CRC (24, 30–36, 38, 43, 45, 46), 6 studies on GC (25, 28, 39, 41, 42, 47), 5 studies on ESCC (7, 12, 48–50), 5 studies on HCC (26, 27, 29, 37, 51), and 2 studies on PC (52, 53). Among them, one study specifically addressed COAD (31), one study addressed RC (30), and one addressed both HCC and PAAD (37). The total sample size reached 5737, including 3738 CRC, 649 GC, 441 ESCC, 611 HCC, and 298 PC samples.




Figure 1 | Flow chart of the literature search and selection of studies.



Most studies investigated tumor tissue HLA-G expression (n = 24), two studies (34, 46) detected plasma sHLA-G levels, and others (33) measured both plasma and tumor tissue levels. The average score of the eligible studies on the NOS was 7.0. The basic characteristics of the included studies are summarized in Table 1.


Table 1 | Characteristics of the included studies.






Association Between HLA-G and the Prognosis of GI Cancers

Fourteen studies (6 on CRC, 3 on GC, 3 on ESCC, 1 on PC, and 2 on HCC) detected HLA-G by IHC, 12 of which conducted univariate analysis and multivariate analysis of OS and disease-free survival (DFS).

When the 12 studies were pooled with the univariate random-effects model, the single-arm meta-analysis showed that the pooled HR was 2.01 (95% CI: 1.48 ~ 2.72) (Figure 2A), while the cumulative meta-analysis demonstrated no remarkable temporal effect (Figure 2B). Significant heterogeneity was found among the 12 included studies (P < 0.001, I2 = 74.3%) (Figure 2A). Subgroup analysis stratified by cancer site showed that HLA-G-positive status predicted a poor prognosis in CRC (HR = 1.39, 95% CI: 1.05 ~ 1.83), GC (HR = 4.20, 95% CI: 2.32 ~ 7.60), ESCC (HR = 3.50, 95% CI: 2.13 ~ 5.76), and PC (HR = 2.03, 95% CI: 1.22 ~ 3.36) patients (Supplementary Figure S1). Subgroup analysis stratified by antibody showed that HLA-G positivity was associated with a poor prognosis, regardless of which antibody was used (HGY (HR = 4.20, 95% CI: 2.67 ~ 6.59), 4H84 (HR = 1.52, 95% CI: 1.20 ~ 1.96), 5A6G7 (HR = 1.51, 95% CI: 0.40 ~ 5.65), MEM-G/1 (HR = 4.56, 95% CI: 1.04 ~ 19.97), and MEM-G/2 (HR = 2.17, 95% CI: 1.08 ~ 4.36)). The heterogeneity of HLA-G expression detected by the 4H84 (I2 = 45.8%, P = 0.101) and HGY (I2 = 0%, P = 0.589) antibodies was quite low, whereas it was high with the 5A6G7 antibody (I2 = 88.6%, P = 0.003) (Supplementary Figure S1).




Figure 2 | Forest plot of primary outcomes in the studies in the meta-analysis and cumulative meta-analysis.



Furthermore, when the 12 studies were pooled with the multivariate random-effects model, the single-arm meta-analysis showed that the pooled HR was 2.69 (95% CI: 2.03 ~ 3.55) (Figure 2C), while the cumulative meta-analysis also identified no time dependence of the outcomes (Figure 2D). A moderate level of heterogeneity was found across the 12 included studies (P = 0.007, I2 = 57.6%) (Figure 2C). Subgroup analysis stratified by cancer type revealed that HLA-G-positive patients exhibited a worse prognosis than HLA-G-negative patients under the fixed-effects model (the pooled HRs were 1.70 (95% CI: 1.31 ~ 2.21) in CRC, 4.33 (95% CI: 2.86 ~ 6.57) in GC and 3.19 (95% CI: 2.12 ~ 4.81) in ESCC). The heterogeneity of each cancer type was not statistically significant (CRC, P = 0.201, I2 = 35.2%; GC, P = 0.150, I2 = 47.2%; ESCC, P = 0.871, I2 = 0.0%) (Supplementary Figure S1). Despite adjustments for potential confounding factors, the pooled HRs did not change significantly (Figure 2C). In the pooled multivariate analysis, HLA-G expression was also associated with a poor prognosis in GI cancer patients, regardless of which antibody was used (Supplementary Figure S1). These results again indicated that compared to negative HLA-G expression, positive HLA-G expression was related to shorter overall survival in GI cancer patients. Another five studies (30, 33, 36, 51) divided the HLA-G expression level into two groups (high or low) according to the IHC staining intensity (strong or weak). In the univariate and multivariate analyses, the pooled HRs for HLA-G expression were 1.38 (95% CI: 0.85 ~ 2.24) (Figure 2E) and 1.38 (95% CI: 1.01~ 1.89) (Figure 2F), respectively. In brief, high/strong HLA-G expression was associated with poor overall survival in patients with GI cancer. Due to the lack of literature with this grouping method, the overall heterogeneity was high.



Association Between HLA-G Expression and the Clinicopathological Parameters of GI Cancer Patients

Of the 30 studies, 28 studies (28/30, 93.3%) with clinicopathological parameters were included for further meta-analysis. The clinicopathological information on GI cancer patients is shown with pooled odds ratios (ORs) and 95% CIs in Table 2. According to the results, HLA-G expression had statistically significant associations with most clinicopathological parameters, such as clinical stage (I-II vs. III-IV: OR = 0.61, 95% CI: 0.47 ~ 0.81, P < 0.001, I2 = 74.6%), nodal status (N0 vs. N1-2: OR = 0.74, 95% CI: 0.59 ~ 0.92, P < 0.001, I2 = 54.6%), metastasis (M0 vs. M1: OR = 0.68, 95% CI: 0.47 ~ 0.98, P = 0.788, I2 = 0.0%), and histological grade (high vs. low: OR = 0.80, 95% CI: 0.68 ~ 0.95, P = 0.038, I2 = 36.1%), but was not associated with tumor status (T1-2 vs. T3-4: OR = 0.74, 95% CI: 0.52 ~ 1.05, P < 0.001, I2 = 77.7%) (Figure 3).


Table 2 | Meta‐analysis of the relationship between HLA-G expression and clinicopathological parameters.






Figure 3 | Forest plot of other outcomes in the studies in the meta-analysis.



Additionally, subgroup analyses stratified by cancer type showed that high HLA-G expression was associated with end-stage disease (OR = 0.30, 95% CI: 0.17 ~ 0.53, P = 0.716, I2 = 0%), advanced tumor status (OR = 0.11, 95% CI: 0.04 ~ 0.30, P = 0.926, I2 = 0%), and positive nodal status (OR = 0.36, 95% CI: 0.18 ~ 0.69, P = 0.747, I2 = 0%) in ESCC patients, but no significant association was observed in other cancers (Supplementary Figure S2). For the HLA-G antibody subgroup analysis, HLA-G expression detected by the HGY antibody was significantly correlated with clinical stage, tumor status, and nodal status (P < 0.050), while HLA-G expression detected by the 4H84 antibody was only related to clinical stage and metastasis (P < 0.050) (Supplementary Figure 2).



Publication Bias and Sensitivity Analyses

As shown in Figure S3, the funnel plots were slightly asymmetric, and Begg’s and Egger’s tests and the “trim and fill” method further confirmed the existence of a marginal publication bias in the included articles (Supplementary Table 3 and Supplementary Figure 4). Sensitivity analyses were performed to ensure the robustness of the results, and they did not show any significant change in these pooled effects (Supplementary Figure 5).




Discussion

This meta-analysis of 30 eligible studies (including 5737 GI cancer cases) supported a positive association between HLA-G expression and the risk of GI cancers. Although subgroup analysis revealed that different cancer types and HLA-G-detecting antibodies served as the main sources of heterogeneity, the results also demonstrated that high HLA-G expression was associated with a poor prognosis in GI cancer patients, regardless of which antibody was used for detection. Furthermore, the overexpression of HLA-G was highly correlated with several clinicopathological parameters (clinical stage, nodal status, metastasis, and histological grade) in GI cancers.

In 1998, Fukushima (43) first reported the ectopic expression and significant upregulation of HLA-G gene expression in GI cancer compared with normal controls, and the immunomodulatory function of HLA-G has since been extensively studied. A series of studies evaluated the association between HLA-G expression and the prognosis of GI cancers. However, their conclusions were paradoxical. Ye et al. (24) carried out a prospective cohort study and found that patients with HLA-G-positive tumors had significantly shorter survival times than patients with HLA-G-negative tumors. Similar results were found in other types of GI cancers, including ESCC (7, 12, 49), GC (25, 28, 39), and HCC (27, 51), among others. However, a few studies (36, 40, 41) have demonstrated that no significant correlation exists between HLA-G expression and the prognosis of GI cancers. However, Reimers et al. (30) reported the opposite result; their findings indicated that weak HLA-G expression was related to poor OS and DFS in RC patients. Interestingly, Lin et al. demonstrated that HLA-G expression was related to a poor prognosis when detected with antibody 4H84, but the results were inconsistent when using the 5A6G7 antibody. The latest meta-analysis from 2019 (54) reported a significant relationship between the HLA-G 14-bp ins/del polymorphism and a decreased overall cancer risk. Compared with this meta-analysis, our study mainly focused on GI cancers and utilized a more powerful and detailed analysis approach to reveal a significant association between HLA-G expression and an increased risk of GI cancers. Currently, although the molecular mechanisms underlying GI cancer development and progression are not yet fully clarified, a growing body of evidence indicates that GI cancers can be partly mediated by both oxidative stress (OS) and microRNA (miRNA) involvement (55). Additionally, several miRNAs have been reported to modulate HLA-G expression by targeting its 3′UTR target, including miR-148a, miR-148b and miR-152 (56). Thus, the HLA-G expression level can be used as a reliable prognostic marker for GI cancers.

Because the invasive nature of the disease and the tumor microenvironment are different across multiple GI diseases (36, 57–60), the expression of HLA-G varies among different cancer types. Thus, we further conducted a stratified analysis to examine the relationship between HLA-G expression and GI cancers by cancer type. The subgroup analysis results were consistent with the combined analysis of GI cancers, showing that the expression of HLA-G was associated with a poor prognosis in CRC, GC, and ESCC. In the CRC subgroup, the reliability of the results was quite high due to the large number of studies included and low heterogeneity. We acknowledge that the number of studies was relatively small in other subgroups; however, the heterogeneity of GC and ESCC was extremely low with a sufficient sample size. This might have certain guiding significance for clinical practice, but more accurate research in different GI cancer types is still needed. In the multivariate analysis, the combined HR remained unchanged, which supported the conclusion that HLA-G expression was associated with a poor prognosis in GI cancer patients. HLA-G can help tumor cells evade the immune system by inhibiting NK cells and T cell activation and is overexpressed in many malignancies. However, different cancer types express HLA-G at different levels or in different forms. For example, in the analysis of HLA-G expression in different GI cancer types, the HLA-G protein expression rate differed among cancers; specifically, the expression rate, as determined by IHC, was 25 – 70% in CRC (32, 35, 36), 25 – 74% in GC (25, 28, 39), and 66 – 91% in ESCC (7, 12, 50). The current meta-analysis, which included a larger sample size, provides a more precise evaluation of the association between positive HLA-G expression and the poor prognosis of GI cancers.

Due to the use of different HLA-G antibodies (39), the prognostic value of HLA-G is still controversial, so it is worth considering how the antibodies used contribute to the heterogeneity. Lin’s study revealed that the expression of HLA-G detected by the 4H84 antibody was different from that detected by the 5A6G7 antibody, and the antibody analyses even yielded the opposite conclusions. A previous study (38) also reported conflicting results; specifically, the expression of HLA-G was detected by the 5A6G7 antibody, but HLA-G was not detected by the 4H84 antibody in some renal cell carcinoma (RCC) cases. Hence, we further conducted a stratified analysis to examine the heterogeneity due to the different antibodies used. Interestingly, the expression of HLA-G detected by the 4H84 and HGY antibodies was closely related to a poor prognosis in GI cancer patients, while that detected by the 5A6G7 antibody was not related to the prognosis of GI cancer patients. The reason for the discrepancy may be that the diverse antibodies used in these studies may recognize different epitopes on the HLA-G protein. For example, the 4H84 antibody recognizes an epitope in the HLA-G α1 domain, the MEM-G/1 antibody reacts with the denatured HLA-G heavy chain, the MEM-G/2 antibody recognizes all free heavy chains of HLA-G subtypes, and the 5A6G7 antibody recognizes an epitope encoded by intron 4. In addition, the 4H84 antibody has also been confirmed by international conferences as a reference tool for evaluating HLA-G expression in paraffin-embedded specimens (7). In the analysis, the expression of HLA-G detected by the 4H84 antibody was associated with a poor prognosis in GI cancers, so 4H84 may be a reliable marker of HLA-G expression in GI cancers. Due to the limited number of studies, conclusions regarding other antibodies could not be justifiable.

Twenty-eight included studies with clinical data were also extracted to explore the relationship between HLA-G expression and GI cancer progression, and the results were mixed. Researchers (25) found that HLA-G expression was significantly correlated with clinicopathological features, such as clinical stage, location, histological grade, depth of invasion, and lymph node metastasis. However, Farjadian et al. (58) reported the opposite result, namely, that HLA-G expression was not related to any clinicopathological factors. Furthermore, other studies (26, 35, 36, 41, 49) showed that HLA-G expression was only associated with certain clinicopathological characteristics. However, no comprehensive evaluation of the association of HLA-G expression and the clinicopathological features of GI cancer patients has been published to date. This meta-analysis showed that there was a significant correlation between HLA-G expression and TNM stage, lymph node status, tumor depth, and lymph node metastasis but not the depth of tumor invasion. Interestingly, subgroup analysis showed that HLA-G expression was only associated with clinicopathological features in ESCC, while no significant correlation was observed in other types of tumors. Similarly, several studies showed that HLA-G expression was significantly higher in ESCC tissues than in normal esophageal epithelial cells (12, 50). Therefore, HLA-G has the potential to serve as a biomarker for ESCC prognosis.

This meta-analysis has several limitations. First, the methods of quantifying HLA-G positivity varied widely in the included studies. For example, in some reports, HLA-G expression was calculated according to the staining intensity of positive cells, while others calculated expression according to the percentage of positive cells, or even a combination of the two parameters. Second, although the total sample size of this meta-analysis was relatively large, the sample sizes of the stratified analysis were relatively small, which might weaken the statistical power of the results. Third, all the studies included were observational studies, so substantial heterogeneity was inevitable in this meta-analysis due to the various regimens, doses, durations, center settings, populations and sample sizes. Therefore, sensitivity analyses were conducted to confirm the stability of the results. Ultimately, the funnel plots and Egger’s and Begg’s tests suggested a slight publication bias in the current study; since only published studies written in English were searched, other eligible studies may have been inadvertently excluded. The limited number of studies regarding the different cancer types or detected antibodies included in the subgroup analysis was insufficient to justify definitive conclusions. Considering the above limitations, the findings of this meta-analysis should be interpreted with caution. Therefore, further large-scale studies on different populations and different cancer types are required to validate the findings.



Conclusion

In conclusion, the results of the current meta-analysis suggest that HLA-G expression is very likely associated with the clinical features and prognosis of GI cancers. Currently, the 4H84 antibody is a widely used and reliable detection method for HLA-G expression in GI cancers. Further studies, either large, prospective, randomized, controlled trials or basic molecular biological studies, are warranted to validate these findings in the future.
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Supplementary Figure 1 | (A, C) Subgroup analysis of the correlation between HLA-G expression and overall survival (OS) in patients with gastrointestinal (GI) cancer according to the different cancer types. (B, D) Subgroup analysis of the correlation of HLA-G expression with OS in patients with GI cancer according to the different antibodies used for detection.

Supplementary Figure 2 | (A, C, E) Subgroup analysis of the correlation between HLA-G expression and clinical stage, tumor status or nodal status for different cancer types. (B, D, F) Subgroup analysis of the correlation between HLA-G expression and clinical stage, tumor status or nodal status for different cancer types.

Supplementary Figure 3 | Funnel plot: (A) positive vs. negative HLA-G expression (univariate analysis), (B) positive vs. negative HLA-G expression (multivariate analysis), (C) strong vs. weak HLA-G expression (univariate analysis), (D) strong vs. weak HLA-G expression (multivariate analysis), (E) clinical stage, (F) tumor status, (G) nodal status, (H) metastasis, (I) histological grade.

Supplementary Figure 4 | Sensitivity of all outcomes. (A) positive vs. negative HLA-G expression (univariate analysis), (B) positive vs. negative HLA-G expression (multivariate analysis), (C) strong vs. weak HLA-G expression (univariate analysis), (D) strong vs. weak HLA-G expression (multivariate analysis), (E) clinical stage, (F) tumor status, (G) nodal status, (H) metastasis, (I) histological grade.

Supplementary Figure 5 | Trim and fill of all outcomes. (A) positive vs. negative HLA-G expression (univariate analysis), (B) positive vs. negative HLA-G expression (multivariate analysis), (C) clinical stage, (D) tumor status, (E) nodal status, (F) metastasis, (G) histological grade.
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