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Condition or Domain Being Studied
Pancreatic ductal adenocarcinoma (PDAC), with emphasis on tumor immunobiology, immune evasion, macrophage polarization, and translational oncology applications.
Rationale for the Review
Pancreatic ductal adenocarcinoma (PDAC) is one of the most lethal solid malignancies, with a five-year survival rate below 13%. Despite advances in surgery and chemotherapy, outcomes remain poor due to late diagnosis and profound resistance to therapy.
A hallmark of PDAC is its highly immunosuppressive tumor microenvironment, dominated by tumor-associated macrophages, regulatory T cells, and exhausted cytotoxic T lymphocytes. Galectin-9 (LGALS9) has emerged as a critical immune checkpoint mediator that regulates tumor–immune interactions through TIM-3, Dectin-1, and CD44 signaling pathways.
Currently, no systematic review integrates mechanistic and clinical evidence of GAL9 in PDAC. This review aims to synthesize molecular mechanisms with clinical outcomes to guide translational and precision oncology strategies.
Review Objectives
Primary Objective:
To evaluate mechanistic and clinical roles of Galectin-9 in PDAC.
Secondary Objectives:
1. Characterize signaling pathways (TIM-3, Dectin-1, CD44)
2. Assess immune suppression mechanisms
3. Evaluate association with clinical outcomes
4. Identify therapeutic targeting strategies
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Country
United States
Population
Inclusion: Studies on pancreatic ductal adenocarcinoma (PDAC), including both patients at any disease stage and preclinical models (cell lines, animals, organoids).

Exclusion: Non-PDAC cancers or non-malignant pancreatic diseases.
Intervention(s) or Exposure(s)
Inclusion: Studies reporting on GAL9 expression or signaling, or GAL9-targeted therapies (e.g., siRNA, antibodies, exosomes).

Exclusion: Non-specific lectin studies.
Comparator(s) or Control(s)
No specific comparator. Areas of interest include high vs low GAL9 expression and treated vs untreated models.
Study Design
Broadly open to original study designs, including mechanistic studies, clinical observational studies, translational multi-omics analyses. Studies without original data (e.g., review articles) or not available as full-text articles are not eligible. 
Context
No geographic restriction; English language only; all clinical and laboratory settings.
Search Strategy
Databases:
PubMed, Embase, Web of Science Core Collection, Cochrane CENTRAL, BIOSIS Citation Index

Other:
Reference lists, citation tracking

Search strategies incorporate a mix of subject headings (where applicable) and title/abstract keywords. Filters will be used to limit result to English-language publications and (when applicable) to exclude conference materials.
The PubMed strategy appears below. Search terms related to the tumor microenvironment are not incorporated due to the limited overall literature on GAL9 in PDAC, varied terminology used to describe aspects of tumor microenvironments, and our interest in GAL9’s role across multiple pathways and disease stages:
("Pancreatic Neoplasms"[Mesh] OR "pancreatic cancer*"[tiab] OR "pancreatic carcinoma*"[tiab] OR "pancreatic tumor*"[tiab] OR "pancreatic tumour*"[tiab] OR "pancreatic adenocarcinoma*"[tiab] OR "pancreatic ductal adenocarcinoma"[tiab:~2] OR "pancreatic ductal carcinoma"[tiab:~2] OR "pancreatic ductal cancer"[tiab:~2] OR "pancreatic duct cancer"[tiab:~2] OR "pancreatic duct carcinoma"[tiab:~2] OR "pancreatic duct adenocarcinoma"[tiab:~2] OR "pancreas cancer"[tiab:~2] OR "pancreas tumor"[tiab:~2] OR “pancreas tumors”[tiab:~2] OR “pancreas tumour”[tiab:~2] OR "pancreas tumours"[tiab:~2] OR "pancreas carcinoma"[tiab:~2] OR "pancreas adenocarcinoma"[tiab:~2] OR "pancreas neoplasm"[tiab:~2] OR "pancreas neoplasms"[tiab:~2])  AND (“galectin 9”[tiab] OR GAL9[tiab] OR “GAL 9”[tiab] OR LGALS9[tiab] OR “lectin galactoside binding soluble 9”[tiab] OR ecalectin[tiab])
Selection Process
Screening will be performed in Covidence. Title/abstract screening will be completed in duplicate with conflicts resolved by consensus. Full-text review will be completed in duplicate with conflicts resolved by a third reviewer.
Data Extraction
Title/abstract screening will be completed independently by two reviewers in duplicate. Discrepancies will initially be resolved through discussion and consensus. If consensus cannot be reached, disagreements will be resolved by consultation with a third independent reviewer.
Full-text review will also be conducted independently in duplicate. Discrepancies will first be addressed through consensus between the two reviewers, and unresolved conflicts will be adjudicated by a third reviewer.
All studies will have information about their study designs and samples extracted. Variables extracted will differ for preclinical/mechanistic studies and clinical studies. 
Study identification variables will include first author, senior author, year of publication, full citation, journal, DOI, country or region of study, institutional affiliation, funding source, and reported conflicts of interest. Each study will be assigned a unique study identifier. Studies will be classified by type (mechanistic, clinical, or mixed translational), primary domain (tumor biology, immune microenvironment, biomarker, therapeutic targeting, or multi-omics), and inclusion status for qualitative and quantitative synthesis.
Variables will include study design (in vitro, in vivo, ex vivo, retrospective clinical, prospective clinical, or multi-omics), experimental or observational classification, publication type, presence of human, animal, or in vitro data, sample size, number of experimental groups, duration of follow-up (for clinical studies), statistical methods used, adjustment for confounders, and whether validation or independent external cohorts were included.
For mechanistic and preclinical studies, variables will include model type (human PDAC cell lines, murine models, patient-derived organoids, co-culture systems, xenograft or orthotopic models, genetically engineered mouse models, or transcriptomic datasets), specific cell lines used, mouse strain and genotype, immune competence of the model, tumor implantation site, number of animals, and timepoints assessed.
For clinical studies, variables will include total cohort size, number of PDAC cases, control groups (healthy or benign disease), presence of precursor lesions (e.g., IPMN or PanIN), patient demographics (age, sex), disease stage, tumor grade, resectability, metastatic status, treatment history, and duration of follow-up.
Risk of Bias
 Risk of bias assessment will be performed independently by two reviewers in duplicate using appropriate tools based on study type. Preclinical studies will be assessed using the SYRCLE Risk of Bias tool, and clinical studies will be evaluated using the Newcastle–Ottawa Scale (NOS).
Discrepancies between reviewers will initially be resolved through discussion and consensus. If consensus cannot be reached, disagreements will be adjudicated by a third independent reviewer.
Inter-rater agreement will be documented, and any systematic discrepancies will be reviewed to ensure consistency in scoring across studies.
Reporting Bias
Funnel plots and Egger's test if applicable
Outcomes
Main outcomes will focus on the mechanistic role and immune modulation of GAL9 in PDAC, as well as the relationship between GAL9 expression and GAL9-targeted therapies and overall survival in PDAC patients.
Secondary outcomes include the utility of GAL9 as a biomarker in PDAC and the (clinical or preclinical) response of PDAC to GAL9-directed therapies.
Data Synthesis
A structured, multi-level synthesis approach will be employed to integrate mechanistic, clinical, and translational evidence on Galectin-9 (LGALS9) in pancreatic ductal adenocarcinoma (PDAC). Given the anticipated heterogeneity in study designs, model systems, and outcome measures across the included studies, a hybrid synthesis strategy will be used, combining narrative synthesis, structured tabulation, and quantitative meta-analysis where appropriate. Studies will be stratified a priori into three domains: mechanistic (preclinical and experimental studies investigating tumor–immune biology), clinical (patient-based biomarker and outcome studies), and translational or multi-omics (integrative computational and high-throughput analyses). Synthesis will be conducted both within and across these domains to identify convergent patterns linking molecular mechanisms to clinical outcomes.
Narrative synthesis will serve as the primary method of analysis. Mechanistic studies will be grouped according to key GAL9-associated signaling pathways, including the GAL9–TIM-3 (HAVCR2) axis, the GAL9–Dectin-1 (CLEC7A) axis, and the GAL9–CD44 axis. Within each pathway, findings will be synthesized across different experimental systems, including cell lines, murine models, patient-derived organoids, and co-culture systems, with particular attention to immune cell interactions involving macrophages, cytotoxic T lymphocytes, and regulatory T cells. Functional outcomes such as immune suppression, macrophage polarization, tumor growth, invasion, and immune evasion will be systematically compared to identify consistent mechanistic trends.
Clinical studies will be synthesized based on GAL9 expression levels, detection methods (e.g., immunohistochemistry, RNA sequencing, proteomics), specimen types (tumor tissue, serum, plasma, or cyst fluid), and reported clinical outcomes. Associations between GAL9 expression and survival endpoints (overall survival and progression-free survival), as well as clinicopathologic features (tumor stage, grade, metastasis, and immune infiltration), will be summarized. Differences in study design and patient populations will be considered when interpreting findings.
Translational and multi-omics studies will be analyzed to evaluate ligand–receptor interactions involving GAL9, cell–cell communication networks, and immune subtype classifications within the tumor microenvironment. Emphasis will be placed on identifying GAL9-associated pathways implicated in disease progression, including transitions from precursor lesions such as intraductal papillary mucinous neoplasms (IPMN) to invasive PDAC. Concordance between computational findings and experimental validation will be assessed to strengthen translational relevance.
A structured evidence-mapping approach will be used to organize findings across studies, linking GAL9-associated signaling pathways to immune-cell interactions, tumor functional outcomes, and clinical endpoints. This will facilitate identification of areas of agreement, inconsistency, and knowledge gaps within the literature.
The overall strength and consistency of evidence will be assessed qualitatively by examining replication of findings across independent studies, agreement between mechanistic and clinical data, and the presence of validation cohorts. Results will be presented using structured summary tables, pathway-specific synthesis tables, and, where applicable, forest plots for quantitative analyses. Visual evidence maps may also be generated to illustrate the relationships between GAL9 signaling pathways, immune regulation, and clinical outcomes.


