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Introduction

Inflammatory Bowel Disease (IBD) is a chronic disease encompassing ulcerative colitis (UC) and Crohn's disease (CD) which is increasingly prevalent in Western societies [START_REF] Sairenji | An Update on Inflammatory Bowel Disease[END_REF]. Symptoms include abdominal pain, diarrhea, weight loss, constipation, and fatigue [START_REF] Flynn | Inflammatory Bowel Disease Presentation and Diagnosis[END_REF]. The prevailing biological agents used for treatment is anti-TNF-α agents (e.g. infliximab) and anti-integrin agents (e.g. vedolizumab). Early treatment of IBD is crucial to avoid complications. Unfortunately, utilizing conventional diagnostic techniques, remains a challenge to accurately predict a patient's response to a specific treatment prior to its administration [START_REF] Hsi Wang | Novel Genetic Risk Variants Can Predict Anti-TNF Agent Response in Patients With Inflammatory Bowel Disease[END_REF]. Therefore, novel biomarkers are needed that can be validated through different mRNA datasets. The early application of effective biologics can minimize corticosteroid use, surgeries, hospitalizations, and enhance quality of life [START_REF] Al-Bawardy | Novel and Emerging Therapies for Inflammatory Bowel Disease[END_REF].

Objectives

To identify key infliximab response predicting biomarkers in patients with IBD using Recursive Ensemble Feature Selection (REFS). As reproducibility issues are often encountered in these studies, we aim to validate the selected gene signatures in an independent dataset.

Methods

The mucosal mRNA data from Arijs et al [START_REF] Arijs | Mucosal gene expression of antimicrobial peptides in inflammatory bowel disease before and after first infliximab treatment[END_REF] underwent analysis via REFS. The dataset consists of 61 mucosal biopsies from 61 IBD patients including untreated CD and UC samples. Employing 8 classifiers from the sci-kit toolbox [START_REF] Pedregosa | Scikit-learn: Machine Learning in Python Gaël Varoquaux Bertrand[END_REF], REFS conducted a nested 10-fold cross-validation, with an additional validation step involving 5 different classifiers to prevent overfitting. The selected genes were searched in an independent database [START_REF] Arijs | Mucosal gene signatures to predict response to infliximab in patients with ulcerative colitis[END_REF] to validate its effectiveness in predicting therapy response. For determining diagnostic accuracy, we used average AUC [START_REF] Šimundić | Measures of Diagnostic Accuracy: Basic Definitions[END_REF].

Results

REFS selected 9 genes (206172_at (IL13RA2), 220012_at (ERO1-L(BETA)), 1569830_at (PTPRC), 239233_at (CCDC88A), 1564253_at (N/A), 232834_at (N/A), 1568787_at (N/A), 1563044_at (N/A), 1561144_at (N/A)) from the original 54675 with an average AUC of 0.984. The same 9 genes were found in an independent dataset. After applying the validation step, we obtained an average AUC of 0.666. In figure 2 the best individual AUC for each validation step is shown.

Figure 1: Highest accuracy with a set of 9 genes after 10 runs of REFS (left). Boxplot of the 9 selected genes in responders and non-responders (right).

Figure 2: Individual AUC of the best classifier using 9 selected genes on the original dataset (left). Individual AUC of the best classifier using 9 selected genes on the independent dataset (right). 1

Conclusion

From 9 selected genes that differentiate infliximab responders from non-responders, we identified 4 that were already characterized. 3 of these 4 can be linked to the immune system. The first one, IL13RA2 has been identified as a marker for anti-TNF responsiveness in patients with IBD [START_REF] Arijs | Mucosal gene signatures to predict response to infliximab in patients with ulcerative colitis[END_REF][START_REF] Verstockt | Mucosal IL13RA2 expression predicts nonresponse to anti-TNF therapy in Crohn's disease[END_REF]. Figure 1 (right) shows upregulation in the mucosal mRNA expression of the gene as previously found. It has also been suggested that increased expression of IL13RA2 mRNA reflects the high TNF burden that is associated with non-responders. [START_REF] Verstockt | Mucosal IL13RA2 expression predicts nonresponse to anti-TNF therapy in Crohn's disease[END_REF] The last 2 genes that can be directly connected to the immune system are CCDC88A (GIV) [START_REF] Rohena | GIV•Kindlin Interaction Is Required for Kindlin-Mediated Integrin Recognition and Activation[END_REF] and PTPRC (CD45) [START_REF] Germena | Mutation in the CD45 inhibitory wedge modulates integrin activation and leukocyte recruitment during inflammation[END_REF]. By investigating these biomarkers in patients prior to therapy, upon non-responsiveness, an alternative treatment can be used.