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transcriptional, protein, cellular) may be necessary to capture the biological complexity of response to treatment.

• New bioinformatic tools, including machine learning approaches, are necessary to handle the complexity of the large data sets being currently explored. * Combines whole blood transcriptome and plasma proteome analysis of RA patients to identify molecular signatures of anti-TNF treatment.
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ABSTRACT Introduction

Chronic inflammatory diseases (CIDs) cause significant morbidity and are a considerable burden for the patients in terms of pain, impaired function and diminished quality of life. Important progress in CID treatment has been obtained with biological therapies, such as Tumor-Necrosis-Factor blockers. However, more than a third of the patients fails to respond to these inhibitors, and are exposed to the side effects of treatment, without the benefits. Therefore, there is a strong interest to develop tools to predict response of patients to biologics.

Areas covered

We searched PubMed for recent studies on biomarkers for disease assessment and prediction of therapeutic responses, focusing on the effect of TNF blockers on immune responses in Spondyloarthritis (SpA), and other CID, in particular rheumatoid arthritis and inflammatory bowel disease. Conclusions will be drawn about the possible development of predictive biomarkers for response to treatment.

Expert opinion

No validated biomarker is currently available to predict treatment response in CID. New insight could be generated through the development of new bioinformatic modelling approaches to combine multidimensional biomarkers that explain the different genetic, immunological and environmental determinants of therapeutic responses. KEYWORDS: spondyloarthritis, ankylosing spondylitis, chronic inflammatory disease, rheumatoid arthritis, inflammatory bowel disease, anti-TNF therapy, biomarkers, treatment response, prediction, transcriptome, immune responses

HIGHLIGHTS

• Anti-TNF therapy has strong effects on several immune response pathways, modulating gene expression, cell population frequencies and serum protein levels.

• Several biomarkers for disease progression in patients undergoing anti-TNF treatment have been identified, however no biomarker has been validated for clinical use to predict response to treatment at baseline.

• Genetic biomarkers based on single nucleotide polymorphisms have demonstrated limited power to predict response to treatment.

• The combination of several biomarkers may improve the prediction power of statistical models of response to anti-TNF therapy. In particular, the inclusion of different types of biomarkers (genetic,

Introduction

Chronic inflammatory diseases (CID), such as inflammatory bowel disease (IBD), rheumatoid arthritis (RA), spondyloarthritis (SpA), psoriatic arthritis (PsA), and psoriasis (Pso) are a leading cause of morbidity.

These conditions are associated with chronic pain and important functional impairment that have a large impact on productivity and quality of life [START_REF] El-Gabalawy | Epidemiology of immune-mediated inflammatory diseases: incidence, prevalence, natural history, and comorbidities[END_REF][START_REF] Jacobs | Socioeconomic burden of immune-mediated inflammatory diseases--focusing on work productivity and disability[END_REF].

In this review we will focus mainly on Spondyloarthritis (SpA), but also draw parallels with the larger literature on RA and IBD. SpA is one of the most common chronic inflammatory rheumatic diseases, with a prevalence ranging from 0.5% to 1.9% [3]. In addition to the disabling rheumatic manifestations, some SpA patients develop severe extra-articular manifestations such as inflammatory bowel disease (IBD), uveitis and psoriasis (Pso) [START_REF] Taurog | Ankylosing Spondylitis and Axial Spondyloarthritis[END_REF]. SpA mainly affects young adults and the functional consequences of inadequately controlled disease alter both their quality of life and their professional capacity with direct impact on healthcare costs [START_REF] Sieper | Axial spondyloarthritis[END_REF]. Improved control of the disease for affected individuals is thus an important public health issue. The introduction of biological therapies, such as strategies targeting the proinflammatory cytokine TNF, has revolutionized the treatment of CID. However, 30 to 40% of the patients fail to respond or acquire resistance to TNF-blockers, and it is currently not possible to predict response of patients to anti-TNF therapy [START_REF] Ermann | Immune cell profiling to guide therapeutic decisions in rheumatic diseases[END_REF][START_REF] Reveille | Biomarkers for diagnosis, monitoring of progression, and treatment responses in ankylosing spondylitis and axial spondyloarthritis[END_REF][START_REF] Heiberg | The comparative one-year performance of anti-tumor necrosis factor alpha drugs in patients with rheumatoid arthritis, psoriatic arthritis, and ankylosing spondylitis: results from a longitudinal, observational, multicenter study[END_REF]. Recently, anti-IL-17A drugs have been approved as a biologic alternative for axial SpA (axSpA) patients with active disease that do not respond to TNF inhibitors (TNFi), but this treatment also fails in about a third of the patients [START_REF] Baeten | Secukinumab, an Interleukin-17A Inhibitor, in Ankylosing Spondylitis[END_REF].

As a consequence, in current clinical practice treatment failures are observed for a substantial number of patients, who will not be appropriately treated for several months, while being exposed to the potential side effects of the drugs. There is therefore an urgent medical need to develop tools to guide treatment decisions for patients affected by SpA and other CID. The ability to predict the response to biologics, and to optimize the treatment will be the challenge for the next decade in CID.

Thus far, clinicians do not know, prior to treatment initiation, if a patient will respond or not to the treatment. Despite many efforts to identify predictive biomarkers of anti-TNF treatment response, there is still an unmet need for approaches that permit a pretreatment stratification of patients resulting in better patient healthcare and significant socio-economic benefits [START_REF] Baeten | Secukinumab, an Interleukin-17A Inhibitor, in Ankylosing Spondylitis[END_REF].

In this review we will explore recent work on the mechanistic action of TNF blockade in SpA, and comment on the latest approaches to identify predictive biomarkers. Comparison will be drawn with other CID (IBD and RA) for which a rich literature is available.

We performed an extensive literature search using PubMed. Our search mainly focused on papers published between 2015 and December 2020, but a few previous papers relevant to our subject were also included. We used keywords such as "Spondylarthritis", "Rheumatoid Arthritis", "Inflammatory Bowel Disease", "Anti-TNFa"(and single anti-TNF drugs), "Biomarkers", "Outcome", "Response" and "Prediction". Since the literature on predictive biomarkers is still limited, we also included papers investigating biomarkers associated with disease activity. Only English written papers were considered for our review.

Effects of anti-TNF therapy on the immune system in patients -a brief summary

The introduction of anti-TNF therapy has been a major breakthrough for the treatment of several chronic inflammatory diseases, in particular rheumatoid arthritis [START_REF] Elliott | Treatment of rheumatoid arthritis with chimeric monoclonal antibodies to tumor necrosis factor alpha[END_REF] (reviewed in [START_REF] Feldmann | Anti-TNF alpha therapy of rheumatoid arthritis: what have we learned?[END_REF]), inflammatory bowel disease [START_REF] Present | Infliximab for the treatment of fistulas in patients with Crohn's disease[END_REF][START_REF] Van Dullemen | Treatment of Crohn's disease with anti-tumor necrosis factor chimeric monoclonal antibody (cA2)[END_REF], ankylosing spondylitis [START_REF] Brandt | Successful treatment of active ankylosing spondylitis with the anti-tumor necrosis factor alpha monoclonal antibody infliximab[END_REF](reviewed in [START_REF] Menegatti | Anti-TNF Therapy in Spondyloarthritis and Related Diseases, Impact on the Immune System and Prediction of Treatment Responses[END_REF]), and psoriatic arthritis and psoriasis [START_REF] Chaudhari | Efficacy and safety of infliximab monotherapy for plaque-type psoriasis: a randomised trial[END_REF][START_REF] Mease | Etanercept in the treatment of psoriatic arthritis and psoriasis: a randomised trial[END_REF]. Early mechanistic studies revealed a strong reduction of inflammatory cytokines and acute phase proteins, such as IL-1, IL-6 and CRP within hours after injection of a TNF inhibitor (TNFi) [START_REF] Charles | Regulation of cytokines, cytokine inhibitors, and acute-phase proteins following anti-TNF-alpha therapy in rheumatoid arthritis[END_REF]. Furthermore, levels of inflammatory chemokines and VEGF were also reduced, causing reduced granulocyte recruitment and angiogenesis in arthritic joints [START_REF] Taylor | Reduction of chemokine levels and leukocyte traffic to joints by tumor necrosis factor alpha blockade in patients with rheumatoid arthritis[END_REF][START_REF] Paleolog | Modulation of angiogenic vascular endothelial growth factor by tumor necrosis factor alpha and interleukin-1 in rheumatoid arthritis[END_REF] (reviewed in [START_REF] Tracey | Tumor necrosis factor antagonist mechanisms of action: a comprehensive review[END_REF]).

RNA sequencing technologies have become relatively affordable and permit the assessment, on a genome-wide level, of biomarkers within immune cells that might not be detectable in serum. mRNA profiling in SpA patients before and after treatment onset, may help identify molecular pathways associated with response to therapy. Using RNA sequencing, a gene expression analysis was performed on nineteen AS patients, to profile the transcriptomes of peripheral blood cells (PBMCs), and identified 656 genes differentially expressed before and after anti-TNF treatment. Analysis of signaling pathways using KEGG (Kyoto Encyclopedia of Genes and Genomes) revealed an enrichment of several immune and inflammation regulatory pathways, as well as infection metabolism-associated pathways in genes affected by anti-TNF therapy [START_REF] Wang | Transcriptome analysis of ankylosing spondylitis patients before and after TNF-alpha inhibitor therapy reveals the pathways affected[END_REF]. Among the differentially expressed genes were also genes associated to AS in GWAS studies (IL6R, NOTCH1, IL10, CXCR2 and TNFRSF1A), highlighting pathogenic pathways that may be affected by TNF signaling. The altered expression of components of the NOTCH signaling pathway found in AS may be involved in osteoblast differentiation and ossification processes [START_REF] Xu | Changes in gene expression profiles of the hip joint ligament of patients with ankylosing spondylitis revealed by DNA chip[END_REF]. TNFRSF1A encodes an important receptor for TNF, and SNPs in the locus of the anti-inflammatory cytokine IL-10 have shown modest correlation with disease severity [START_REF] Goedecke | Interleukin 10 polymorphisms in ankylosing spondylitis[END_REF]. Interestingly, the study showed a distinct gene expression profile between male and female patients. Besides genes linked to sex chromosome, the only differentially expressed gene was IL17RC, which encodes an IL-17 receptor that binds IL-17A and IL-17F. This proinflammatory pathway may play an important role in SpA [START_REF] Tsukazaki | The Role of the IL-23/IL-17 Pathway in the Pathogenesis of Spondyloarthritis[END_REF]. An interesting hypothesis is that higher expression of IL17RC may be involved in the differences in disease severity and treatment response between the genders [START_REF] Wang | Transcriptome analysis of ankylosing spondylitis patients before and after TNF-alpha inhibitor therapy reveals the pathways affected[END_REF].

It is important to note that most transcriptomic studies are performed in PBMCs, and the mixture of different cell populations may hide biologically important features specific to a cell type. Peripheral blood cells may also not be representative of local inflammatory processes [START_REF] Lewis | Molecular Portraits of Early Rheumatoid Arthritis Identify Clinical and Treatment Response Phenotypes[END_REF], however, biomarkers that can be identified in peripheral blood are worth investigating, since they are more easily applicable in large scale studies and in the clinics.

Menegatti et al. have recently investigated the global impact of TNFi on immune responses to

microbial or pathway-specific stimuli in axSpA patients. The motivation for this study was that the effects of TNF-blockers had been studied mostly on resting immune cells but not in the setting of an ongoing immune response. The goals were to enhance the understanding of the molecular mechanisms of action of TNF-blockers in SpA patients and to identify immunological correlates of response to TNFi. To minimize sources of pre-analytical variability the authors used standardized whole-blood stimulation assays ("TruCulture" assays) [START_REF] Duffy | Functional Analysis via Standardized Whole-Blood Stimulation Systems Defines the Boundaries of a Healthy Immune Response to Complex Stimuli[END_REF] and a highly sensitive and robust pipeline to assess immune functions in patients [START_REF] Menegatti | The study uses gene pathway analysis to explore the impact of anti-TNF therapy on stimulated immune responses in SpA. Differential expression of genes in responders versus non-responders before treatment suggests this approach may identify signaling pathways associated with response to therapy[END_REF]. Proteins in supernatants of stimulated whole-blood cultures were measured in a CLIA-certified laboratory and gene expression was measured using nCounter assays for immune genes, a technology not requiring enzymatic reactions and PCR amplification, already used in the clinics for diagnostic purposes [START_REF] Nielsen | Analytical validation of the PAM50-based Prosigna Breast Cancer Prognostic Gene Signature Assay and nCounter Analysis System using formalin-fixed paraffin-embedded breast tumor specimens[END_REF]. Up to 300 genes (depending on the stimulation) were affected by anti-TNF therapy, revealing that TNFi induce profound changes in patients' innate immune responses. Stimulation of whole blood amplified the observable differences between samples from patients before and after TNF-blocker treatment, indicating that TNFi act primarily when the immune system is challenged but less in its resting state. The effects of TNFi on activated immune cells were detectable after a single injection of a TNF-blocker and persisted for 3 months of follow-up of the patients.

To understand the molecular basis of anti-TNF therapy action on immune responses, pathway analysis was performed on the differentially expressed genes. Since nCounter technology does not allow a genome-wide gene expression analysis, the Quantitative Set Analysis for Gene Expression (QuSAGE) method was employed [START_REF] Yaari | Quantitative set analysis for gene expression: a method to quantify gene set differential expression including gene-gene correlations[END_REF]. QuSAGE quantifies gene module activity as a shift in the mean differential expression of the individual genes included in the module and is compatible with a limited number of genes. Similar to other GSEA approaches, QuSAGE allows reducing the number of variables by collapsing sets of coordinately expressed genes into gene modules, facilitating functional interpretation of the results and improving robustness of biomarker signatures. Bancherau et al. have previously applied QuSAGE to functionally interpret gene lists associated with specific phenotypes in Lupus patients [START_REF] Banchereau | Personalized Immunomonitoring Uncovers Molecular Networks that Stratify Lupus Patients[END_REF] and Latis et al. used this algorithm to compare and interpret T cell gene expression profiles in recipients after allogeneic hematopoietic stem cell transplantation and their sibling donors [START_REF] Latis | Cellular and molecular profiling of T-cell subsets at the onset of human acute GVHD[END_REF]. Menegatti et al. designed gene modules by grouping genes belonging to specific signaling pathways, associated with particular cellular phenotypes, or with specific cellular functions, according to Molecular Signatures Database (MSigDB) annotations [START_REF] Liberzon | The Molecular Signatures Database (MSigDB) hallmark gene set collection[END_REF] and based on current knowledge in the literature. Since genes can play roles in distinct signaling pathways, a single gene could be present in several modules. The minimum size of one module was set to 3 genes. Fig. 1 gives an example for the influenza stimulus. The TNF module groups TNF and several molecules associated with its receptor. TNF itself and many of the genes in this gene module were downregulated after one week of anti-TNF therapy. This is similar for the IL-1 module. In this study, IL1A was among the genes most strongly targeted by anti-TNF therapy. As for Toll-like-receptors (TLRs), some were downregulated, whereas the expression of others actually increased. Signaling through many of these receptors activates NF-kB regulatory kinases that phosphorylate the NF-kB inhibitor IkB and thereby activate NF-kB. NF-kB transcription factors, IkB and many NF-kB target genes were among the genes that were most profoundly downregulated by TNF blockers (Fig. 1 and2). Since TNF itself, IL-1 and many other proinflammatory molecules are NF-kB target genes, one of the mechanisms by which TNFi control inflammation may be the disruption of an autoregulatory loop driven mainly by NF-kB [START_REF] Menegatti | The study uses gene pathway analysis to explore the impact of anti-TNF therapy on stimulated immune responses in SpA. Differential expression of genes in responders versus non-responders before treatment suggests this approach may identify signaling pathways associated with response to therapy[END_REF].

Only few gene modules showed an increased pathway activity, such as the "cytotoxic molecules" module and the "NK cells" (Fig. 3A). An increased fraction of CD8+ T cells following anti-TNF treatment has also been recently described in RA patients [START_REF] Khanniche | Restored and Enhanced Memory T Cell Immunity in Rheumatoid Arthritis After TNFα Blocker Treatment[END_REF]. The analysis also indicated that TNF-blockers may skew monocyte/macrophage polarization towards an M2 regulatory phenotype (Fig. 3B). M2-polarized macrophages are implicated in the resolution of inflammation, have immunoregulatory functions and orchestrate tissue repair and remodeling [START_REF] Schett | Resolution of chronic inflammatory disease: universal and tissuespecific concepts[END_REF][START_REF] Udalova | Macrophage heterogeneity in the context of rheumatoid arthritis[END_REF]. On the other hand, shifting the balance from a M1-like to a more M2-like profile may contribute to the increased risk of Mycobacterium tuberculosis reactivation in patients treated with TNFi [START_REF] Bongartz | Anti-TNF antibody therapy in rheumatoid arthritis and the risk of serious infections and malignancies: systematic review and metaanalysis of rare harmful effects in randomized controlled trials[END_REF][START_REF] Keane | Tuberculosis associated with infliximab, a tumor necrosis factor alpha-neutralizing agent[END_REF][START_REF] Tubach | Risk of tuberculosis is higher with anti-tumor necrosis factor monoclonal antibody therapy than with soluble tumor necrosis factor receptor therapy: The three-year prospective French Research Axed on Tolerance of Biotherapies registry[END_REF], as M1 macrophages are important for granuloma formation and M.

tuberculosis protection [START_REF] Marino | Macrophage polarization drives granuloma outcome during Mycobacterium tuberculosis infection[END_REF].

Anti-TNF treatment did not affect the Th1 or Th17 arms of the patients' immune response, nor IL-6 production in cells from axSpA patients, which contrasts previous results reported for RA [START_REF] Charles | Regulation of cytokines, cytokine inhibitors, and acute-phase proteins following anti-TNF-alpha therapy in rheumatoid arthritis[END_REF]. These data seem consistent with the limited therapeutic efficacy of IL-6-blockade in SpA [START_REF] Sieper | Sarilumab for the treatment of ankylosing spondylitis: results of a Phase II, randomised, double-blind, placebo-controlled study (ALIGN)[END_REF] and may suggest that IL-6 is more relevant to RA, but less to SpA pathogenesis.

Collectively, the analysis by Menegatti et al. revealed that TNFi target several distinct signaling pathways that cooperate to control inflammation. Some of these pathways may be of particular relevance for specific diseases. PTGS2 (COX2) downregulation by TNFi (Fig. 3C) targets PGE2 biosynthesis and is of particular relevance for enthesitis, a critical early pathogenic feature of SpA [START_REF] Schett | Enthesitis: from pathophysiology to treatment[END_REF], while shifting the balance of macrophages from a pro-inflammatory (M1-like) phenotype to a pro-resolving (M2-like) phenotype is important for the resolution of synovitis, a key feature of RA. Expression of the PGE2 receptor EP4 (encoded by PTGER4) was also downregulated by TNFi. Signaling through the EP4 receptor upregulates IL-23R expression and promotes human Th17 cell development [START_REF] Boniface | Prostaglandin E2 regulates Th17 cell differentiation and function through cyclic AMP and EP2/EP4 receptor signaling[END_REF].

The search for biomarkers of response

Anti-TNF therapy is not effective in 30-40% of patients affected by chronic inflammatory diseases, but the mechanisms underlying primary non-response to treatment are not known. Many studies have been performed to identify molecules that may serve as biomarkers to predict therapeutic responses to TNFblockers, in particular in RA, IBD, and SpA (reviewed in [START_REF] Ermann | Immune cell profiling to guide therapeutic decisions in rheumatic diseases[END_REF][START_REF] Reveille | Biomarkers for diagnosis, monitoring of progression, and treatment responses in ankylosing spondylitis and axial spondyloarthritis[END_REF][START_REF] Atreya | Personalizing Treatment in IBD: Hype or Reality in 2020? Can We Predict Response to Anti-TNF?[END_REF][START_REF] Sutcliffe | Personalized medicine in rheumatic diseases: how close are we to being able to use genetic biomarkers to predict response to TNF inhibitors?[END_REF]), however, no validated biomarker has yet emerged. In the following, we will summarize recent studies aiming at the identification of biomarkers for response to treatment, in particular in SpA, RA and IBD.

Transcriptomic biomarkers

To determine if therapeutic responses to TNFi were correlated with immune responses from SpA patients, Menegatti et al. have analyzed gene expression in whole-blood cultures stimulated with LPS or SEB from 80 SpA patients, before initiation of anti-TNF therapy [START_REF] Menegatti | The study uses gene pathway analysis to explore the impact of anti-TNF therapy on stimulated immune responses in SpA. Differential expression of genes in responders versus non-responders before treatment suggests this approach may identify signaling pathways associated with response to therapy[END_REF]. The response to therapy was evaluated as changes in the "Ankylosing Spondylitis Disease Activity Score" (ASDAS) at 3 months after treatment initiation [START_REF] Machado | Ankylosing Spondylitis Disease Activity Score (ASDAS): defining cut-off values for disease activity states and improvement scores[END_REF][START_REF] Machado | Calculating the ankylosing spondylitis disease activity score if the conventional c-reactive protein level is below the limit of detection or if high-sensitivity c-reactive protein is used: an analysis in the DESIR cohort[END_REF]. Gene expression analysis of these cultures revealed that 55 genes that were differentially expressed between responders and non-responders (Fig. 4) [START_REF] Menegatti | The study uses gene pathway analysis to explore the impact of anti-TNF therapy on stimulated immune responses in SpA. Differential expression of genes in responders versus non-responders before treatment suggests this approach may identify signaling pathways associated with response to therapy[END_REF]. 15 of these genes were associated with leukocyte migration and invasion, such as the genes encoding urokinase (PLAU) and its receptor (PLAUR).

The importance of leukocyte recirculation as a determinant of treatment responses to TNFi was supported by the finding that several chemokines and their receptors were differentially expressed between responders and primary non-responders. Genes encoding the receptors for the pro-inflammatory cytokines TNF, IL-6 and IL-1 were also expressed at higher levels in cultures from responders, as was expression of NLRP3, the gene encoding the intracellular sensor NOD-, LRR-and pyrin domain-containing protein 3, which plays an important role in the control of caspase-1-dependent processing of pro-IL-1b and IL-18 into active cytokines [START_REF] Swanson | The NLRP3 inflammasome: molecular activation and regulation to therapeutics[END_REF]. A polymorphism in the NLRP3 gene (rs4612666) was associated with primary response to anti-TNF therapy in 2 independent cohorts of Ulcerative Colitis (UC) and IBD patients. This polymorphism is associated with reduced NLRP3 expression [START_REF] Bank | Polymorphisms in the NFkB, TNF-alpha, IL-1beta, and IL-18 pathways are associated with response to anti-TNF therapy in Danish patients with inflammatory bowel disease[END_REF]. Only 7 differentially expressed genes were expressed at higher levels in non-responders, including CXCL9 (encoding a chemoattractant for CXCR3-expressing Th1 and other cytotoxic cells) and IFNG, encoding the signature cytokine of Th1, CD8 + T and NK cells. Bank et al. previously reported that a polymorphism in the IFNG gene (rs2430561) was significantly associated with effective anti-TNF primary response in Crohn's disease (CD) patients but not in ulcerative colitis (UC) patients. This variant is associated with decreased IFN-γ level [START_REF] Bank | Associations between functional polymorphisms in the NFκB signaling pathway and response to anti-TNF treatment in Danish patients with inflammatory bowel disease[END_REF]. This result was confirmed in another study in UC patients, where, at baseline, responders had lower mucosal mRNA expression of IFN-γ than non-responders [START_REF] Dahlén | Global mucosal and serum cytokine profile in patients with ulcerative colitis undergoing anti-TNF therapy[END_REF]. In contrast, Rismo et al. reported that high mRNA expression of mucosal IFN-γ and IL-17A in biopsies obtained before anti-TNF therapy was associated with successful therapy response in UC patients [START_REF] Rismo | Mucosal cytokine gene expression profiles as biomarkers of response to infliximab in ulcerative colitis[END_REF], suggesting that the role of IFN-γ in this context needs further evaluation.

IL7R, the receptor for the homeostatic cytokine IL-7 was expressed at higher levels in stimulated immune cells from axSpA patients not-responding to TNFi [START_REF] Menegatti | The study uses gene pathway analysis to explore the impact of anti-TNF therapy on stimulated immune responses in SpA. Differential expression of genes in responders versus non-responders before treatment suggests this approach may identify signaling pathways associated with response to therapy[END_REF](Fig. 4). A 20 genes signature of IL-7/IL-7R signaling has recently been analyzed in colon mucosal biopsies from previously published cohorts of IBD patients [START_REF] Belarif | IL-7 receptor influences anti-TNF responsiveness and T cell gut homing in inflammatory bowel disease[END_REF]. This study revealed that the IL-7R signaling signature is reproducibly altered in inflamed mucosa, with a significant accumulation of IL7R transcripts that may contribute to the maintenance of chronic inflammation. More interestingly, it also demonstrated that a strong colonic IL-7R signaling gene signature (and in particular IL7R), before initiation of therapy, is significantly and reproducibly associated with the absence of response to anti-TNF therapy both in UC and CD patients, identifying refractory IBD patients.

The author showed that this is not the case for mucosal ileal biopsies, suggesting a specific association of the IL-7/IL-7R pathway with colonic but not ileal IBD inflammation. A combination of 10 genes (IL7R, IL2RG, JAK1, PIK3CA, LCK, PTK2B, EP300, NMI, CRLF2, and TSLP) from the IL-7R signaling signature was sufficient to discriminate anti-TNF non-responders from responders, constituting a potential new predictive biomarker to identify refractory patients [START_REF] Belarif | IL-7 receptor influences anti-TNF responsiveness and T cell gut homing in inflammatory bowel disease[END_REF]. A more recent IBD study developed a test to measure IL-7, together with 13 additional proteins in blood (ANG1, ANG2, CRP, SAA1, IL-7, EMMPRIN, MMP1, MMP2, MMP3, MMP9, TGFA, CEACAM1, and VCAM1). This signature was termed the "endoscopic healing index" (EHI). The EHI was used to score endoscopic disease activity in patients with CD. The EHI scores range from 0 to 100 units, with higher scores indicating more severe CD activity, based on endoscopy findings.

Outcome prediction based on EHI was comparable to measurement of FC (fecal calprotectin) and higher than measurement of serum CRP [START_REF] Haens | Development and Validation of a Test to Monitor Endoscopic Activity in Patients With Crohn's Disease Based on Serum Levels of Proteins[END_REF].

Transcriptomic biomarkers have also been investigated in RA, with some limited results [START_REF] Xie | Application of omics in predicting anti-TNF efficacy in rheumatoid arthritis[END_REF]. In this respect, the combined analysis of gene expression and genetic data in large patient cohorts may be a more promising approach. Aterido et al. defined gene co-expression modules in RA synovial tissue and analyzed their association with response to anti-TNF treatment at the clinical and genetic level, using setbased genetic association analysis. The analysis resulted in the identification of an 18-gene module expressed in synovial tissue, and significantly associated at the genetic level with response to adalimumab [START_REF] Aterido | A Combined Transcriptomic and Genomic Analysis Identifies a Gene Signature Associated With the Response to Anti-TNF Therapy in Rheumatoid Arthritis[END_REF]. Pathway analysis showed that the module is enriched for genes involved in nucleotide metabolism, which plays an essential role in cell proliferation and in the synthesis of signaling molecules such as adenosine. Notably, adenosine signaling in macrophages has been shown to induce a switch from a proinflammatory M1 phenotype to an M2 regulatory phenotype [START_REF] Barberà-Cremades | Purinergic signaling during macrophage differentiation results in M2 alternative activated macrophages[END_REF][START_REF] Bours | Adenosine 5′-triphosphate and adenosine as endogenous signaling molecules in immunity and inflammation[END_REF].

Cherlin et al. applied the PrediXcan algorithm on genetic data from the MATURA consortium [START_REF] Barton | Stratified medicine in rheumatoid arthritis-the MATURA programme[END_REF] to identify genes that are associated with changes in the erythrocyte sedimentation rate (ESR) in patients treated with TNF blockers. The prediction model identified the IL18RAP gene as a predictor of changes in ESR after treatment [START_REF] Cherlin | Investigation of genetically regulated gene expression and response to treatment in rheumatoid arthritis highlights an association between IL18RAP expression and treatment response[END_REF] . In a replication cohort, the expression of IL18RAP in whole blood at baseline correlated with changes in ESR at 6-month follow-up, and a correlation was observed between IL18RAP expression in blood and in synovial tissue [START_REF] Cherlin | Investigation of genetically regulated gene expression and response to treatment in rheumatoid arthritis highlights an association between IL18RAP expression and treatment response[END_REF]. IL18RAP is important for IL-18 signaling, a pathway implicated in inflammation, and a potential treatment target in RA [START_REF] Volin | Interleukin-18: a mediator of inflammation and angiogenesis in rheumatoid arthritis[END_REF]. The association of IL18RAP with treatment outcome is not specific to one drug type, making it an interesting biomarker to explore for treatment responses in RA.

In IBD patients, analyses of gene expression in inflamed tissue and immune cells also proved useful in the understanding of the immunopathogenesis of IBD and prediction of therapy outcome. In a study by Arijs et al. baseline gene expression levels in mucosal biopsies could distinguish responders from nonresponders to infliximab. The microarray analysis identified a set of 5 genes (TNFAIP6, S100A8, IL11, G0S2, and S100A9) that could be used to predict the response to anti-TNF treatment with 100% accuracy [START_REF] Arijs | Predictive value of epithelial gene expression profiles for response to infliximab in Crohn's disease[END_REF]. A subsequent genetic study demonstrated that haplotype differences in the loci of these 5 genes differentiated responders from non-responders to infliximab [START_REF] Medrano | Response to Infliximab in Crohn's Disease: Genetic Analysis Supporting Expression Profile[END_REF]. The same group identified also a panel of 5 genes that can be used to predict response to anti-TNF treatment in UC patient (OPG, STC1, PTGS2, IL13RA2, IL11) [START_REF] Arijs | Mucosal gene signatures to predict response to infliximab in patients with ulcerative colitis[END_REF].

Genetic biomarkers

Explorative studies of genetic biomarkers to predict anti-TNF therapeutic outcome use genotyping technologies in order to associate genotype with good or bad response to treatment. Genotyping has been performed either on a genome-wide scale (GWAS), or on a narrower scale, by targeting a specific set of single nucleotide polymorphisms (SNPs), selected for their previous association with disease susceptibility or with proposed correlation with anti-TNF response. Results from GWAS performed on rheumatic diseases suggest that disease susceptibility and treatment response are influenced by the action of many genetic variants with modest effects, rather than a few variants with large effects. Thus, polygenic risk scores, based on the combination of several potentially predictive gene variants are expected to be more efficient in predicting treatment response than individual risk variants [START_REF] Brown | Biomarker development for axial spondyloarthritis[END_REF][START_REF] Gibson | On the utilization of polygenic risk scores for therapeutic targeting[END_REF].

Overall, genetic biomarkers are particularly interesting as early predictive biomarkers: they are invariable, they precede disease onset and use affordable technologies. Pharmacogenomic profiling has shown important results in predicting treatment outcome in cancer biotherapy treated patients [START_REF] Janiaud | New clinical trial designs in the era of precision medicine: An overview of definitions, strengths, weaknesses, and current use in oncology[END_REF][START_REF] Jurgensmeier | New Strategies in Personalized Medicine for Solid Tumors: Molecular Markers and Clinical Trial Designs[END_REF] and has also been considered for chronic rheumatic diseases such as SpA. In CIDs, the absence of common SNPs with a strong effect, and non-genetic sources of patients' heterogeneity suggest that studies with very large numbers of patients would be necessary to obtain a solid correlation of genetic variation with clinical outcome [START_REF] Wray | Pitfalls of predicting complex traits from SNPs[END_REF][START_REF] Frazer | Human genetic variation and its contribution to complex traits[END_REF].

To date, only a few studies have suggested an association between anti-TNF responses in SpA patients and genetic variants, in particular in the TNF and TLR pathways, and downstream NF-kB signaling (Table 1). A number of these variants and genes have also been associated with clinical parameters of remission or low disease in RA (Table 2), supporting the importance of these molecular pathways in the mechanisms of action of TNF-blockers. However, the reduced number of studies, the limited size of the cohorts analyzed, and the lack of robust replicated results limit the exploitation of these findings in a clinical setting. (PASI, ACR criteria, DAS28, and HAQ at baseline, 3 and 6 months) Liu J (2019) [START_REF] Liu | IgG Galactosylation status combined with MYOM2-rs2294066 precisely predicts anti-TNF response in ankylosing spondylitis[END_REF] AS (92) ETN

MYOM2-rs2294066

Associates with response (ASASAS40) Borda (2019) [START_REF] Borda | Predictive clinical-genetic model of long-term nonresponse to tumor necrosis factor-alpha inhibitor therapy in spondyloarthritis[END_REF] SpA [START_REF] Han | Baseline CXCL10 and CXCL13 levels are predictive biomarkers for tumor necrosis factor inhibitor therapy in patients with moderate to severe rheumatoid arthritis: a pilot, prospective study[END_REF] IFX, ADA, ETN, GOL

CHUK rs11591741 MAPKAPK2 rs4240847 TLR10 rs11096957 IRAK3 rs11541076 NFκB TLR4 TLR10 NFKB/TLR4
Associates with non-response (BASDAI, BASFI and DAS28-CRP) EPIGENETIC Ovejero-Benito (2018) [START_REF] Mc | Histone modifications associated with biological drug response in moderate-to-severe psoriasis[END_REF] Ps [START_REF] Tubach | Risk of tuberculosis is higher with anti-tumor necrosis factor monoclonal antibody therapy than with soluble tumor necrosis factor receptor therapy: The three-year prospective French Research Axed on Tolerance of Biotherapies registry[END_REF] ADA H3 and H4 acetylation, H3K4 and H3K27 methylation

Changes in H3K4 were found between Rs and NR (PASI75 at 3 and 6 months) Ciechomska M (2018) [START_REF] Ciechomska | Changes in MiRNA-5196 Expression as a Potential Biomarker of Anti-TNF-α Therapy in Rheumatoid Arthritis and Ankylosing Spondylitis Patients[END_REF] AS ( 13) RA [START_REF] Elliott | Treatment of rheumatoid arthritis with chimeric monoclonal antibodies to tumor necrosis factor alpha[END_REF] 

TNFi

Serum miRNA-5196 BCR signaling MHC-I antigen processing.

Changes in miRNA-5196 can be used as predictive marker of reduced disease activity.

Better correlation with changes in DAS20 and ASDAS than CRP. PROTEINS Arends (2011) [START_REF] Arends | Serum MMP-3 level as a biomarker for monitoring and predicting response to etanercept treatment in ankylosing spondylitis[END_REF] AS ( A recent community-based effort has assessed the use of available SNP data to predict clinical outcome of TNF inhibition in RA patients, using machine learning algorithms [START_REF] Sieberts | Crowdsourced assessment of common genetic contribution to predicting anti-TNF treatment response in rheumatoid arthritis[END_REF]. Despite a significant estimate of heritability of the treatment response, none of the proposed models could demonstrate a significant contribution of genetic variants to response prediction, over the conventional clinical parameters [START_REF] Sieberts | Crowdsourced assessment of common genetic contribution to predicting anti-TNF treatment response in rheumatoid arthritis[END_REF]. A useful strategy to improve the power of the predictive models could be the combination of different types of biomarkers that better capture the non-genetic components of response to therapy.

In the context of IBD, an association study highlighted polymorphisms in the TLR2 gene that are associated with response to anti-TNF therapy. rs3804099 and rs1816702 were associated with beneficial response to treatment in CD patients, suggesting that genetically determined increased TLR2 levels were associated with beneficial response among patients with CD [START_REF] Bank | Associations between functional polymorphisms in the NFκB signaling pathway and response to anti-TNF treatment in Danish patients with inflammatory bowel disease[END_REF]. However, the rs11938228 and rs4696480 polymorphism at the TLR2 locus were associated with nonresponse to treatment in the UC patients [START_REF] Bank | Associations between functional polymorphisms in the NFκB signaling pathway and response to anti-TNF treatment in Danish patients with inflammatory bowel disease[END_REF]. Another recent study from Bank et al. showed that polymorphisms in genes involved in the regulation of the NFκB pathway (TLR2, TLR4, and NFKBIA), the TNF-α signaling pathway (TNFRSF1A), and other cytokine pathways (NLRP3, IL1RN, IL18, and i) were associated with primary response to anti-TNF therapy in IBD patients [START_REF] Bank | Polymorphisms in the NFkB, TNF-alpha, IL-1beta, and IL-18 pathways are associated with response to anti-TNF therapy in Danish patients with inflammatory bowel disease[END_REF].

Another recent genetic association study in two independent large IBD cohorts successfully replicated 2 variants (rs116724455 in TNFSF4/18, rs2228416 in PLIN2), which may predict anti-TNF response in patients with IBD at genome-wide significance. The minor alleles of the two polymorphisms were associated with refractory response to anti-TNF agents [START_REF] Wang | Novel Genetic Risk Variants Can Predict Anti-TNF Agent Response in Patients With Inflammatory Bowel Disease[END_REF].

Epigenetic biomarkers

Pharmacoepigenetic profiling may also add another layer of complexity to the relation between genetics and variations in drug responses [START_REF] Gomez | Pharmacoepigenetics: Its Role in Interindividual Differences in Drug Response[END_REF]. Only a few studies in the literature have explored the epigenetic modifications of chromatin before and after anti-TNF treatment in order to identify epigenetic biomarkers that may predict treatment responses in patients affected by rheumatic diseases. To date, most of the epigenomic studies were designed to identify diagnosis biomarkers or new therapeutic targets, and only few were aimed at the identification of biomarkers predictive of anti-TNF outcome. In an attempt to identify epigenetic biomarkers that could predict response to biological drugs, including adalimumab, in psoriasis and psoriatic arthritis patients, Ovejero-Benito et al. assessed 4 histone modifications (H3 and H4 acetylation, H3K4 and H3K27methylation) in PBMC of 39 psoriasis patients using an ELISA technique, before and after treatment initiation. Significant changes in histone H3 and H4 acetylation and H3K4 methylation were observed between psoriasis patients and controls, however, no changes in histone modification were seen upon treatment, except for a decrease in H3K27 methylation in responders compared to non-responders [START_REF] Mc | Histone modifications associated with biological drug response in moderate-to-severe psoriasis[END_REF]. Although this study presents many limitations, including the fact that the small number of patients were treated with different biologicals and that a mixture of immune cell populations was analyzed, it is one of very few studies that tried to identify epigenetic biomarkers to predict treatment outcome in rheumatic diseases, and it set the basis for other similar studies on larger cohorts.

Most of the epigenetic studies performed on SpA have focused on miRNA, very few on DNA methylation and even fewer on histone modifications [START_REF] Cherqaoui | Epigenetics of spondyloarthritis[END_REF]. miRNAs are regulatory non-coding RNA molecules; their expression may be modified under pathophysiological stress conditions, disease or treatment [START_REF] Aslani | Epigenetic alterations underlying autoimmune diseases[END_REF]. In a small exploratory study, miRNA-5196 expression levels in serum were measured using real-time PCR. The analysis of samples from 10 RA patients and 13 AS patients, before and after anti-TNF-α therapy, revealed that changes in miRNA-5196 expression positively correlated with the decrease in disease activity scores in patients following anti-TNF-α therapy, suggesting that MiRNA-5196 may be an interesting biomarker to assess treatment response [START_REF] Ciechomska | Changes in MiRNA-5196 Expression as a Potential Biomarker of Anti-TNF-α Therapy in Rheumatoid Arthritis and Ankylosing Spondylitis Patients[END_REF]. In silico analysis identify the Fra2 transcription factor, Matrix Metalloproteinase 15 (MMP-15) and the IL-1 receptor as possible targets of MiRNA-5196.

The possible biological role of MiRNA-5196 in AS and RA, as well its utility as a clinical biomarker, need confirmative replication studies in larger cohorts.

Baseline serum or whole blood MiRNA signature associated with treatment responses have also been explored in RA patients treated with TNF-blockers. Among the putative targets of differentially expressed MiRNA were molecules of the IL6 and NF-kB pathways, chemokines, and extracellular matrix proteins [START_REF] Castro-Villegas | Circulating miRNAs as potential biomarkers of therapy effectiveness in rheumatoid arthritis patients treated with anti-TNFα[END_REF][START_REF] Krintel | Prediction of treatment response to adalimumab: a double-blind placebo-controlled study of circulating microRNA in patients with early rheumatoid arthritis[END_REF]. Although these studies included a larger number of patients (Table 2), validation in a replication cohort is still lacking.

In a recent study, Tao et al. analyzed both gene expression and DNA methylation profiles in peripheral blood mononuclear cells, and in CD4+ T cells and monocytes isolated from RA patients before anti-TNF treatment [154]. The authors identified a large number of genes differentially expressed (DEG) between responders and non-responders at baseline, as well as differentially methylated regions (DMR), although the majority of DEG and DMR were not significant after correction for multiple testing, and the overlap of DEG with those identified previously was small [START_REF] Toonen | Validation study of existing gene expression signatures for anti-TNF treatment in patients with rheumatoid arthritis[END_REF]. Notably, both DEG and DMR were specific not only to the cell population studied, but also to the type of anti-TNF treatment (etanercept versus adalimumab).

Among the DEG identified in this study were transcription factors (such as IRF1, FOXO3 and FOXO4), genes of the TNF and JAK/STAT signaling pathways, and IL18R1. The authors applied random forest-based algorithms with internal cross-validation, in order to construct predictive models for response to adalimumab or etanercept. The models were subsequently tested in a small replication cohort (9 patients) and in patients assigned to a second TNFi treatment. The prediction accuracy of the models were different for each cell population, treatment and type of data, and the model based on methylation data for response to adalimumab reached the highest accuracy of 88% [154]. Although these results require replication in an independent patient cohort, this study underlines the importance of exploring several approaches to identify predictive biomarkers, and of analyzing patients treated with different drugs separately.

Spiliopoulos et al. also tested different parameters to construct predictive models for response to TNFi in RA patients [START_REF] Spiliopoulou | Analysis of genotypic scores for RA associated loci, for immune cell traits, and for gene expression or methylation to construct predictive models for response to TNF inhibitors[END_REF]. The authors took advantage of the new GENOSCORE platform to create genetic scores for RA associated loci, for immune cell traits and for the expression or methylation of a set of genes whose expression levels were previously associated with treatment response. The genotypic scores for each type of intermediate trait was evaluated for its ability to improve predictive models when added to clinical parameters. Genotypic scores for RA risk improved response prediction, however explained less than 1% of the variance in phenotype, suggesting only a marginal overlap of the genetics of RA disease risk and of response to TNFi. The effect was driven mainly by regional score at the CD40 locus. Among the scores for immune cell traits, expression levels of CD39 on CD4+ T cells were associated with worse response. The inclusion of scores linked to expression (eQTL) quantitative trait loci also resulted in a small improvement of the prediction performance of the model, but further addition of methylation QTLs had no effect, suggesting that eQTLs and mQTLs provide overlapping information. 

Cellular profiling

Explorative studies to identify cell-based biomarkers that can be used to predict response to TNF inhibitors have used flow cytometry-based approaches to identify qualitatively and/or quantitatively modified cell populations before and after treatment onset.

An interplay of several innate and adaptive immune cell populations may be involved in SpA pathogenesis [START_REF] Reinhardt | Whodunit? The Contribution of Interleukin (IL)-17/IL-22-Producing γδ T Cells, αβ T Cells, and Innate Lymphoid Cells to the Pathogenesis of Spondyloarthritis[END_REF], and it has been reported that TNFi impact T cell populations in SpA patients [START_REF] Dulic | The Impact of Anti-TNF Therapy on CD4+ and CD8+ Cell Subsets in Ankylosing Spondylitis[END_REF][START_REF] Xueyi | Levels of Circulating Th17 Cells and Regulatory T Cells in Ankylosing Spondylitis Patients with an Inadequate Response to Anti-TNF-α Therapy[END_REF][START_REF] Andersen | Anti-tumor necrosis factor treatment increases both the Th17 and Th22 T helper subsets in spondyloarthritis[END_REF][START_REF] Yang | TNF-α inhibitor therapy can improve the immune imbalance of CD4+ T cells and negative regulatory cells but not CD8+ T cells in ankylosing spondylitis[END_REF]. All these observations suggest that analyzing changes in immune cells populations in SpA patients undergoing treatment may be of interest to explore disease mechanisms and therapeutic correlations.

Ursula Schulte-Wrede et al [START_REF] Schulte-Wrede | An explorative study on deep profiling of peripheral leukocytes to identify predictors for responsiveness to anti-tumour necrosis factor alpha therapies in ankylosing spondylitis: natural killer cells in focus[END_REF] performed a deep profiling of peripheral leukocytes in 31 AS patients under adalimumab or etanercept, using an integrated, multi-parametric flow cytometric approach to analyze 50 different surface antigens. The authors then applied an automated cell clustering approach (immunoClust) to identify immunophenotypic signatures predictive of response. The baseline frequencies of CD8+ NK cell subsets turned out to carry the best predictive power for therapeutic outcome in AS patients, with pre-treatment frequency of CD8+ NK cells significantly higher in responders compared with non-responders, in particular for etanercept-treated patients. Although further validation of NK cell subsets for clinical prediction of TNF inhibitor outcome is necessary, this study suggests that cellular response signatures can be identified in peripheral blood using extensive immunophenotyping approaches [START_REF] Schulte-Wrede | An explorative study on deep profiling of peripheral leukocytes to identify predictors for responsiveness to anti-tumour necrosis factor alpha therapies in ankylosing spondylitis: natural killer cells in focus[END_REF].

Increased effector responses after TNFi treatment has also been observed in RA patients (Table 2). Patients treated with golimumab showed an increase in the CD8+ T cell effector population, accompanied by increased responses to viral antigens, suggesting that TNF blockade, while broadly suppressing inflammation, does not induce generalized immunosuppression, but rather may "normalize" immune responses [START_REF] Khanniche | Restored and Enhanced Memory T Cell Immunity in Rheumatoid Arthritis After TNFα Blocker Treatment[END_REF]. In agreement with this concept, anti-TNF treatment did not affect the expression of TNF-inducible genes in the site of acute inflammatory challenge (tuberculin injection), while decreasing the inducibility of these genes in blood samples [START_REF] Byng-Maddick | Tumor Necrosis Factor (TNF) Bioactivity at the Site of an Acute Cell-Mediated Immune Response Is Preserved in Rheumatoid Arthritis Patients Responding to Anti-TNF Therapy[END_REF].

Many studies have suggested a role for effector T cell populations such as Th1 and Th17 in SpA pathogenesis and disease activity [START_REF] Tsukazaki | The Role of the IL-23/IL-17 Pathway in the Pathogenesis of Spondyloarthritis[END_REF]. In a targeted cellular profiling approach, some studies focused on specific effector cell subsets, such as Th1, Th17, and Treg cell populations. The evaluation of these cell subsets before and after anti-TNF treatment is so far rather inconclusive, perhaps due to the difficulties of reliably quantifying small cell populations by immunophenotyping large cohorts of patients. Xueyi et al [START_REF] Xueyi | Levels of Circulating Th17 Cells and Regulatory T Cells in Ankylosing Spondylitis Patients with an Inadequate Response to Anti-TNF-α Therapy[END_REF] analysed Th17 and Treg populations in 222 AS patients at baseline and after anti-TNF treatment. At baseline, significantly higher Th17 frequencies and lower Treg frequencies were observed relative to healthy controls, independently of future response to treatment. Baseline frequencies of Th17 cells, and baseline levels of Th17-related cytokines were positively correlated with the BASDAI disease score. After anti-TNF therapy Th17 cell frequencies declined significantly only in responders, while increasing in nonresponders. In the same study, the authors found that also serum levels of IL-6, IL-17 and IL-23 significantly decreased only in responders [START_REF] Xueyi | Levels of Circulating Th17 Cells and Regulatory T Cells in Ankylosing Spondylitis Patients with an Inadequate Response to Anti-TNF-α Therapy[END_REF]. On the contrary, an increase in IL-17+ and in IL-22+ cells after adalimumab treatment was reported by Andersen et al. in 30 SpA patients [START_REF] Andersen | Anti-tumor necrosis factor treatment increases both the Th17 and Th22 T helper subsets in spondyloarthritis[END_REF].

An increase of Th17 frequency in patients' blood after TNF inhibition was also observed in a study on 25 RA patients. This study also reported that higher Th17 frequencies at baseline correlated with worse response to anti-TNF therapy, as defined by ultrasonographic measure of synovial thickening [START_REF] Hull | Increase in circulating Th17 cells during anti-TNF therapy is associated with ultrasonographic improvement of synovitis in rheumatoid arthritis[END_REF].

Alterations in blood cell counts may occur in inflammatory disorders, and ratios of circulating blood cell components can be used to assess inflammatory activity. Neutrophil-lymphocyte ratio (NLR), monocyte-lymphocyte ratio (MLR) and platelet-lymphocyte ratio (PLR) have been found to correlate with the erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) levels, suggesting their use as markers of systemic inflammation for the prognosis of chronic inflammatory diseases [START_REF] Enginar | Neutrophil-lymphocyte and platelet-lymphocyte rate and their seasonal differences in ankylosing spondylitis and rheumatoid arthritis patients using anti-TNF medication[END_REF][START_REF] Huang | Relationship between monocytes to lymphocytes ratio and axial spondyloarthritis[END_REF]. Enginar

and Kacar [START_REF] Enginar | Neutrophil-lymphocyte and platelet-lymphocyte rate and their seasonal differences in ankylosing spondylitis and rheumatoid arthritis patients using anti-TNF medication[END_REF] retrospectively evaluated 68 RA patients and 203 AS patients on anti-TNF medication for at least 6 months. NLR and PLR correlated with disease activity in both RA and SpA patients. Other studies performed on RA and AS patients have also found similar results [START_REF] Uslu | Two new inflammatory markers associated with Disease Activity Score-28 in patients with rheumatoid arthritis: neutrophil-lymphocyte ratio and platelet-lymphocyte ratio[END_REF][START_REF] Mercan | The Association Between Neutrophil/Lymphocyte Ratio and Disease Activity in Rheumatoid Arthritis and Ankylosing Spondylitis[END_REF].

Despite growing evidence of the association of NLR and PLR with disease activity, the association of baseline NLR and PLR with response to treatment is less clear. In UC patients with moderate to severe disease, high baseline neutrophil to lymphocyte ratio (NLR), reflecting a high neutrophil count, is an indicator of loss of response to infliximab in patients with moderate-to-severe active UC [START_REF] Nishida | Neutrophil-to-Lymphocyte Ratio for Predicting Loss of Response to Infliximab in Ulcerative Colitis[END_REF].

Similarly, Han-Na Lee et al. found that, in 82 RA patients, high baseline NLR and PLR were independently associated with a higher risk of non-response to anti-TNF treatment at 12 weeks, but not at 24 weeks [START_REF] Lee | Neutrophil-to-lymphocyte and platelet-tolymphocyte ratio as predictors of 12-week treatment response and drug persistence of anti-tumor necrosis factor-α agents in patients with rheumatoid arthritis: a retrospective chart review analysis[END_REF].

On the other hand, Farutin et al., in a combined whole blood transcriptome and plasma proteome analysis of RA patients, identified the downregulation of myeloid cells and platelet genes as a molecular signature of anti-TNF treatment. This signature was present in both responders and non-responders. However, at baseline, the top differentially expressed genes between responders and non-responders included markers of myeloid cells, which were higher in good responders. The association between higher NLR and good response was also confirmed by the analysis of the NLR in a cohort of 1962 RA patients [START_REF] Farutin | Molecular profiling of rheumatoid arthritis patients reveals an association between innate and adaptive cell populations and response to anti-tumor necrosis factor[END_REF]. The discrepancies observed in the relationship of the NLR with therapeutic responses may be due not only to the limited number of patients in some studies, but also to heterogeneity in the timing of the observation, and in the measures of clinical outcome. As cellular ratios are simple to measure, inexpensive, and easily accessible parameters, further exploring their significance in response prediction may still be a reasonable strategy.

A particularly informative approach may be the analysis of cell populations in the inflamed tissue, when obtaining tissue biopsies is possible. The combined immunohistochemical and gene expression analysis of synovial tissue from early RA patients showed that detection of a lympho-myeloid pathotype before treatment is significantly associated with disease progression requiring biologics at 12 months from the diagnosis [START_REF] Lliso-Ribera | Synovial tissue signatures enhance clinical classification and prognostic/treatment response algorithms in early inflammatory arthritis and predict requirement for subsequent biological therapy: results from the pathobiology of early arthritis cohort (PEAC)[END_REF]. Several synovial gene expression modules, including type I IFN and antiviral modules, B cells and dendritic cell modules, correlated with response to treatment [START_REF] Lewis | Molecular Portraits of Early Rheumatoid Arthritis Identify Clinical and Treatment Response Phenotypes[END_REF].

In ileal Crohn's disease patients, a recent single cell analysis of the inflamed ileal tissue indicated that a subgroup of patients presented a distinct cellular pattern, called the GIMATS module, which included IgG+ plasma cells, inflammatory macrophages and activated dendritic cells, activated T cells, and stroma cells (activated fibroblasts, and endothelial cells). The enrichment of this cellular module before anti-TNF therapy was predictive of resistance to anti-TNF therapy [START_REF] Martin | Single-Cell Analysis of Crohn's Disease Lesions Identifies a Pathogenic Cellular Module Associated with Resistance to Anti-TNF Therapy[END_REF].

Protein biomarkers

Studies relative to protein biomarkers for TNF inhibitors treatment in SpA have been largely

focused on candidate proteins selected for their known role in inflammation and/or bone metabolism, such as acute phase proteins or cytokines. Many studies have shown that anti TNF treatments are effective in modulating acute inflammation proteins [START_REF] Turina | Calprotectin (S100A8/9) as serum biomarker for clinical response in proof-of-concept trials in axial and peripheral spondyloarthritis[END_REF][START_REF] Lorenzin | An update on serum biomarkers to assess axial spondyloarthritis and to guide treatment decision[END_REF][START_REF] Bal | Comparison of serum IL-1 beta, sIL-2R, IL-6, and TNFalpha levels with disease activity parameters in ankylosing spondylitis[END_REF][START_REF] Arends | Baseline predictors of response to TNF-α blocking therapy in ankylosing spondylitis[END_REF]. However, if the baseline serum levels of these proteins can be used to prospectively predict response to treatment needs to be confirmed. In addition, these markers may lack specificity and be elevated in other inflammatory processes unrelated to SpA. To date, CRP is the most important marker of inflammation in rheumatology and is the only biomarker currently used in clinical practice to select SpA patients for treatment and to predict TNFi therapy outcome [START_REF] Maksymowych | Biomarkers for Diagnosis of Axial Spondyloarthritis, Disease Activity, Prognosis, and Prediction of Response to Therapy[END_REF]. Using a large dataset of 867 AS patients treated with Etanercept, Baraliakos et al. found that categorization of CRP levels prior to treatment initiation is a highly significant predictor of treatment outcome at 12 weeks, with higher baseline CRP categories predictive of a greater proportion of responders, and decreases from very high to normal CRP levels after treatment start, predictive of the future course of TNFi treatment [START_REF] Baraliakos | The role of C-reactive protein as a predictor of treatment response in patients with ankylosing spondylitis[END_REF].

Many studies have shown that anti TNF treatments are effective in modulating acute inflammation proteins [START_REF] Turina | Calprotectin (S100A8/9) as serum biomarker for clinical response in proof-of-concept trials in axial and peripheral spondyloarthritis[END_REF][START_REF] Lorenzin | An update on serum biomarkers to assess axial spondyloarthritis and to guide treatment decision[END_REF][START_REF] Bal | Comparison of serum IL-1 beta, sIL-2R, IL-6, and TNFalpha levels with disease activity parameters in ankylosing spondylitis[END_REF][START_REF] Arends | Baseline predictors of response to TNF-α blocking therapy in ankylosing spondylitis[END_REF] and several studies attempted to correlate baseline serum levels of biomarkers in TNF naïve patients with treatment outcome [START_REF] Lorenzin | An update on serum biomarkers to assess axial spondyloarthritis and to guide treatment decision[END_REF]. However, at date there is no robust replicated evidence that permits to extrapolate the results to all SpA patients, in particular because baseline inflammatory protein levels fluctuate among patients and depend on disease activity status. An alternative approach is the use of short-term changes in serum biomarkers levels upon anti-TNF treatment to predict long term response to treatment. A common conclusion for both approaches is that combining markers yields a stronger predictive power than the use of an individual marker [START_REF] Brown | Biomarker development for axial spondyloarthritis[END_REF]. response at week 14. The combination of baseline levels of insulin and P1NP was a stronger predictor of response than CRP levels [START_REF] Wagner | Serum markers associated with clinical improvement in patients with ankylosing spondylitis treated with golimumab[END_REF].

Leptin, IL-6 and MMP3 are also included in the 12-proteins Multi-Biomarker Disease Activity score, or MBDA. The MBDA score was originally aimed to assess disease activity, and was developed through a multi-step approach of candidate biomarker prioritization and algorithm development [START_REF] Centola | Development of a multi-biomarker disease activity test for rheumatoid arthritis[END_REF]. Of the 130 putative protein biomarkers tested, 12 were retained in the final multi-biomarker statistical model. Eleven of these (tumor necrosis factor receptor I (TNF-RI), IL-6, vascular cell adhesion molecule 1 (VCAM-1), epidermal growth factor (EGF), VEGF-A, cartilage glycoprotein 39 (YKL40), matrix metalloproteinase 1 (MMP1), MMP3, serum amyloid A (SAA), leptin, and resistin) were modelled to predict disease activity scores, and then combined with CRP to produce the final MBDA score. These proteins are involved in a variety of innate and adaptive immune pathways, in systemic inflammation and bone/cartilage metabolism [START_REF] Centola | Development of a multi-biomarker disease activity test for rheumatoid arthritis[END_REF]. The MBDA score was significantly correlated with Disease Activity Score 28-CRP (DAS28-CRP), as well as with additional measures of joint inflammation and structural progression by ultrasonography and radiography [START_REF] Hirata | A multi-biomarker disease activity score tracks clinical response consistently in patients with rheumatoid arthritis treated with different anti-tumor necrosis factor therapies: A retrospective observational study[END_REF].

The potential of the MBDA score in predicting disease progression has also been extensively analyzed (Table 2), with low MBDA score, in particular, showing good negative predictive power for structural progression [START_REF] Curtis | Predicting risk for radiographic damage in rheumatoid arthritis: comparative analysis of the multi-biomarker disease activity score and conventional measures of disease activity in multiple studies[END_REF]. MBDA scores at baseline have been associated with patients' response to anti-TNF therapy (Table 2). On the other hand, a randomized prospective study did not find a correlation between MBDA score and different clinical scores in patients treated with adalimumab or abatacept [START_REF] Fleischmann | Brief Report: Estimating Disease Activity Using Multi-Biomarker Disease Activity Scores in Rheumatoid Arthritis Patients Treated With Abatacept or Adalimumab[END_REF], and the contribution of the MBDA score to personalized patient management is still under discussion [START_REF] Fleischmann | Value of the Multibiomarker Disease Activity Score to Predict Remission in RA: What Does the Evidence Show?[END_REF][START_REF] Calabrese | MBDA: A Valuable Tool for Medical Decision Making[END_REF][START_REF] Masi | What further data are needed to value the Multi-Biomarker Disease Activity score for measuring rheumatoid arthritis disease activity: comment on the article by Johnson et al[END_REF].

The score may perhaps find its most informative application in the detection of subclinical inflammation in patients with low disease activity by conventional parameters, such as patients in DAS28-CRP remission [START_REF] Van Der Helm-Van Mil | An evaluation of molecular and clinical remission in rheumatoid arthritis by assessing radiographic progression[END_REF], or low CRP [START_REF] Li | Relationship of multi-biomarker disease activity score and other risk factors with radiographic progression in an observational study of patients with rheumatoid arthritis[END_REF], and may therefore play a complementary role to these measures.

Calprotectin is another inflammation marker particularly studied in CID such as SpA, RA, and IBD.

Calprotectin may be a promising candidate biomarker to monitor disease activity, bone damage progression and predict response to anti-TNF therapy [START_REF] Romand | Systemic calprotectin and chronic inflammatory rheumatic diseases[END_REF]. This protein is a heterodimeric complex of the S100A8 and S100A9 proteins (also called myeloid-related protein MRP8 and MRP14), and is a damage associated molecular pattern (DAMP) that triggers the innate immunity receptor TLR4, and the Receptor for Advanced Glycation Endproducts (RAGE) [START_REF] Austermann | S100 proteins in rheumatic diseases[END_REF]. Calprotectin is produced by monocytes and neutrophils locally, suggesting it may be a good marker of tissue inflammation. Both serum and faecal calprotectin levels are increased in SpA patients compared to healthy controls and are associated with CRP, ESR, and disease scores in SpA [START_REF] Hu | Serum calprotectin correlates with risk and disease severity of ankylosing spondylitis and its change during first month might predict favorable response to treatment[END_REF]. Serum calprotectin levels decreased with anti TNF treatment and early changes in calprotectin levels could predict patients achieving ASAS40 with an AUC of 0.691 [START_REF] Hu | Serum calprotectin correlates with risk and disease severity of ankylosing spondylitis and its change during first month might predict favorable response to treatment[END_REF]. In a similar study Also in RA, serum levels of calprotectin correlate well with disease activity, and are potentially a predictive marker for response (Table 2). Higher baseline calprotectin levels were found to correlate with treatment response [START_REF] Choi | MRP8/14 serum levels as a strong predictor of response to biological treatments in patients with rheumatoid arthritis[END_REF][START_REF] Nair | A Personalized Approach to Biological Therapy Using Prediction of Clinical Response Based on MRP8/14 Serum Complex Levels in Rheumatoid Arthritis Patients[END_REF], with relapse after remission [START_REF] Inciarte-Mundo | Calprotectin strongly and independently predicts relapse in rheumatoid arthritis and polyarticular psoriatic arthritis patients treated with tumor necrosis factor inhibitors: a 1-year prospective cohort study[END_REF] and flares after tapering or discontinuation of TNF blockers [START_REF] De Moel | Circulating calprotectin (S100A8/A9) is higher in rheumatoid arthritis patients that relapse within 12 months of tapering anti-rheumatic drugs[END_REF]. However, inconsistencies for this marker have also been reported, since some studies failed to find a correlation with clinical response [START_REF] Smith | The predictive value of serum S100A9 and response to etanercept is not confirmed in a large UK rheumatoid arthritis cohort[END_REF], or obtained different results in different cohorts [START_REF] Tweehuysen | Predictive value of serum calprotectin (S100A8/A9) for clinical response after starting or tapering anti-TNF treatment in patients with rheumatoid arthritis[END_REF].

Matrix Metalloproteinases (MMPs), and MMP3 in particular, are reported biomarkers of synovial inflammation and cartilage turnover in inflammatory joint diseases, such as SpA and RA [START_REF] Sun | The active form of MMP-3 is a marker of synovial inflammation and cartilage turnover in inflammatory joint diseases[END_REF]. MMP3 baseline serum levels are elevated in SpA patients compared to healthy controls and correlate with disease activity [START_REF] Gao | Serum matrix metalloproteinases-3 levels in patients with ankylosing spondylitis[END_REF][START_REF] Mou | Changes of serum levels of MMP-3, sRANKL, and OPG in juvenile-onset ankylosing spondylitis patients carrying different HLA-B27 subtypes[END_REF][START_REF] Jadon | Serum bone-turnover biomarkers are associated with the occurrence of peripheral and axial arthritis in psoriatic disease: a prospective cross-sectional comparative study[END_REF]. In the Turina et al study [START_REF] Turina | Calprotectin (S100A8/9) as serum biomarker for clinical response in proof-of-concept trials in axial and peripheral spondyloarthritis[END_REF], MMP3 showed a statistically significant decrease after two weeks of anti-TNF treatment, however, the effects of treatment were modest and less consistent across different subtypes of SpA. The impact of TNF inhibition on MMP3 levels is so far inconclusive with opposing results from different studies [START_REF] Moz | Spondyloarthritis: Matrix Metalloproteinasesas Biomarkers of Pathogenesis and Response to Tumor Necrosis Factor (TNF) Inhibitors[END_REF], raising the question of whether MMP3 can be used as a predictive biomarker for anti-TNF response. Some studies found a good predictive value for either baseline serum levels and/or reduction over time of MMP3 in SpA and PsA patients under anti-TNF [START_REF] Pedersen | Circulating levels of interleukin-6, vascular endothelial growth factor, YKL-40, matrix metalloproteinase-3, and total aggrecan in spondyloarthritis patients during 3 years of treatment with TNFα inhibitors[END_REF][START_REF] Chandran | Soluble Biomarkers Associated with Response to Treatment with Tumor Necrosis Factor Inhibitors in Psoriatic Arthritis[END_REF],

Arends et al. [START_REF] Arends | Serum MMP-3 level as a biomarker for monitoring and predicting response to etanercept treatment in ankylosing spondylitis[END_REF], however, showed that changes in MMP-3 levels after treatment correlated with disease activity, but baseline MMP3 levels had no predictive value for treatment response.

Tissue biomarkers are OSM (encoding the cytokine oncostatin-M) and its receptor OSMR, which were overexpressed in the intestinal mucosa of patients with active IBD (5 different cohorts, 227 patients) [START_REF] Bertani | Serum oncostatin M at baseline predicts mucosal healing in Crohn's disease patients treated with infliximab[END_REF]. Neither OSM nor OSMR expression was correlated with standard clinical parameters, including CRP.

However, OSM and OSMR expression was increased in patients with IBD who required surgery. High baseline OSM expression in the intestinal mucosa was reproducibly associated with resistance to anti-TNF therapy in IBD [START_REF] Bertani | Serum oncostatin M at baseline predicts mucosal healing in Crohn's disease patients treated with infliximab[END_REF]. Two additional studies found that high plasma OSM was associated with nonresponse to anti-TNF treatment in CD patients [START_REF] Minar | Elevated Pretreatment Plasma Oncostatin M Is Associated With Poor Biochemical Response to Infliximab[END_REF][START_REF] West | Oncostatin M drives intestinal inflammation and predicts response to tumor necrosis factor-neutralizing therapy in patients with inflammatory bowel disease[END_REF]. Oncostatin M is a cytokine produced by T cells and innate immune cells, including monocytes and neutrophils. The OSM receptor is expressed on nonhematopoietic cells, such epithelial cells, fibroblasts and endothelial cells, and the OSM/OSMR axis may therefore be crucial for the cross-talk between stroma and immune cells [START_REF] West | TNF. OSM could therefore be a novel predictive biomarker for anti-TNF and therapeutic target for this clinically challenging population[END_REF].

Conclusions

The past years have been marked by a major increase of our understanding of the cellular and molecular mechanisms of TNF-blocker action in patients affected by chronic inflammatory diseases.

However, despite substantial efforts, a validated biomarker predicting therapeutic responses of patients to TNFi has not yet been identified.

There are several reasons that may explain our limited success to identify validated biomarkers that can inform treatment choices. Many studies reported in the literature have been underpowered and patients have not been appropriately stratified. An important issue that is more difficult to tackle is that currently used clinical outcome measures, in particular for SpA, extensively rely on self-reporting. It will be of critical importance to move from self-reporting to objective and quantifiable outcome measures.

Furthermore, it is now well appreciated that the biology of treatment failures and development of resistance to treatment is highly complex, as it is influenced by multiple patient-intrinsic, drug-specific and environmental parameters. To account for this complexity, it may be necessary to develop multidimensional biomarkers. However, the general use of biomarkers in the clinics requires that they rely on robust and inexpensive, non-invasive procedures.

Several biomarker candidates to predict treatment responses have emerged recently, in particular OSM and IL7R, whose expression is negatively correlated with response to anti-TNF therapy in IBD. Further studies are needed to validate these candidates, and to test their potential relevance for other diseases.

Expert Opinion

The introduction of biologic therapies, such as TNF-blockers, has been a major breakthrough in the treatment of CID. However, these therapies are effective only in a sub-population of patients, and it is currently not possible to predict which patients will not respond to the treatment. In clinical practice, patients non-responsive to a TNF-blocker are treated with a different TNF inhibitor until an effective therapeutic agent is identified. This procedure is expensive and may take a long time, during which the patient is not appropriately treated and is exposed to side effects without clinical benefit. The negative impact of unsuccessful therapy on patients' quality of life, adds to the negative impact on society, due to the associated high costs of treatment.

A reason for the lack of a "personalized" approach to treatment is the insufficient understanding of what determines the individual predisposition to disease and the mechanisms associated with the response to a specific therapy. In the past years there have been multiple efforts to identify biomarkers that predict response to biological therapies in SpA, RA, IBD and other CID. The results have been, however, rather limited. Some of these biomarkers appear to be highly promising (for example Oncostatin M, in the case of IBD), however, none has been validated yet as a tool to inform treatment choices. The search for biomarkers that correlate with disease activity has been more successful: the Endoscopic Healing Index (EHI) Score has been developed commercially as a tool to monitor disease activity in Crohn's disease patients, and the MBDA blood test is commercialized as a biomarker for disease activity in RA, although their use is still considered investigational. These biomarkers have also been proposed to predict treatment outcome, but this application remains to be validated.

Several hurdles to the prediction of treatment responses have emerged, such as the limited size and the heterogeneity of cohorts, in terms of patients' characteristics and treatment (for example, patients treated with different anti-TNF compounds are often analyzed together). There is also a lack of adequate replication studies in different patient populations. In addition, a key issue is the suitability of the current clinical outcome measures, in particular for SpA. The BASDAI score is exclusively based on subjective parameters of self-reporting, and the ASDAS, is a composite of self-reporting and CRP levels. In the case of RA, the DAS28 may represent a more robust outcome measure, since it combines the subjective measure of tender joint counts (TJC) with the objective observation of swollen joints (SJC). However, even the DAS28 may not constitute a reliable end-point measure [START_REF] Sutcliffe | Personalized medicine in rheumatic diseases: how close are we to being able to use genetic biomarkers to predict response to TNF inhibitors?[END_REF]. In addition, these scores are usually determined at single time points: integration of longitudinal monitoring would be needed to smoothen score fluctuations.

Genetic biomarkers are attractive, because they are robust, do not vary and are easily measured. However, none of the proposed candidates have been validated to date: the identification may be hindered by the small effect size of common SNPs, which would require studies on very large cohorts to determine an extended panel of SNPs that, combined, have an impact on treatment outcome. Additional complications for the use of SNPs as response biomarkers are the effects of population ancestry, and the fact that they do not address the non-genetic contribution to disease and response to therapy.

Blood biomarkers are ideal for clinical applications, for the ease of sampling. This is especially true for pathologies (such as axSpA) where routine access to diseased tissues is difficult. To date, no robust blood response biomarker has been identified in SpA and in other CID, possibly because of the fluctuation of biomarker levels with time, and the fact that they may not quantitatively reflect pathological processes in tissue.

Immune biomarkers are also strongly impacted by many variables such as age and sex, or environmental factors (for example smoking or CMV infection), introducing another layer of variability that has to be taken into account in the study design, by providing adequate patient stratification.

For the years to come, a key issue will be the constitution of large and highly annotated longitudinal cohorts. These resources are now widely available in the cancer field (examples are The Cancer Genome Atlas, TCGA, and the International Cancer Genome Consortium, ICGC). Standardization of procedures for the collection and management of demographic and clinical data will facilitate comparison of biomarker studies performed in different clinical centers. In addition, the importance of the application of standardized and robust methodology for sample analysis cannot be overstated.

Finally, the combination of different biomarkers that capture the biological complexity of the disease and of the effect of treatment may be necessary to successfully stratify patients to the most appropriate treatment. In this respect, we believe that the combination of multi-dimensional biomarkers and the development of mathematical models (such as deep learning tools) to capture all the biological/environmental influences on treatment outcomes will be an important driver of progress in this area. Finally, it will be important to move towards "objective" outcome measures (including imaging technology) and molecular biomarkers to develop objective and reliable criteria to help clinical decision making. Shown is a heat map representation of genes differentially expressed between axSpA patients with a major response to anti-TNF therapy (delta ASDAS ≥ 2, green squares) and non-responders (delta ASDAS < 1.1, red squares) in whole-blood cultures stimulated with LPS or SEB before initiation of therapy. The heatmap shows the levels of differentially secreted genes (red indicates higher and green lower levels of protein secretion, LIMMA analysis, adjusted p-value < 0.05). Gene-stimulus combinations were ranked by decreasing fold-change. Expression levels and fold-change values of the 58 gene-stimulus combinations (corresponding to 55 genes) that are the most differentially expressed between responders and nonresponders are reported in [START_REF] Menegatti | The study uses gene pathway analysis to explore the impact of anti-TNF therapy on stimulated immune responses in SpA. Differential expression of genes in responders versus non-responders before treatment suggests this approach may identify signaling pathways associated with response to therapy[END_REF]. 

  Overall, integrative approaches for prediction of anti-TNF treatment outcome are still poorly explored. A proof of concept for this strategy in RA patients was provided by Folkersen et al., who constructed prediction models based on selected SNP, transcripts or protein biomarkers which had been associated with response to therapy in the literature [156]. The model combining all three different type of biomarkers explained 51% of the variation in DAS28-CRP after TNFi therapy, and resulted in an improved AUC, compared to the model with protein biomarkers alone [156].

  Wagner et al. tested serum samples collected at baseline, 4 and 14 weeks from 100 active AS patients randomized to receive golimumab. Selected inflammatory, bone and cartilage markers were analyzed, and profiling of 92 different proteins was performed[START_REF] Wagner | Serum markers associated with clinical improvement in patients with ankylosing spondylitis treated with golimumab[END_REF]. The levels of many of these markers was affected by TNF inhibition, including a number of acute phase reactants, bone metabolism factors, coagulation factors (eg. C3), inflammatory chemokines (eg. RANTES and MIP1b), matrix metalloproteinase pathways (eg. MMP3). A robust logistic regression analysis associated baseline biomarkers levels of insulin, leptin, apolipoprotein C3, IL-6, osteocalcin, N-terminal propeptide of type 1 collagen (P1NP) withASAS 20 

  on faecal calprotectin, Østgård et al. found that high faecal calprotectin levels accurately identified SpA patients with intestinal inflammation. This group of patients was more likely to respond better to Adalimumab treatment, as evaluated by changes in the ASDAS. Faecal calprotectin also associated with stronger inflammation in the sacroiliac joint, as shown by MRI[START_REF] Østgård | Faecal calprotectin detects subclinical bowel inflammation and may predict treatment response in spondyloarthritis[END_REF]. Turina et al identified Calprotectin as the most promising biomarker of treatment response in SpA and PsA patients, compared to high-sensitive CRP (hsCRP), MMP3 and IL-6. With the highest sensitivity to change upon clinical effective treatment, calprotectin outperformed hsCRP, suggesting it may be a useful maker of disease in CRP-negative patients[START_REF] Turina | Calprotectin (S100A8/9) as serum biomarker for clinical response in proof-of-concept trials in axial and peripheral spondyloarthritis[END_REF]. Whether baseline concentrations of calprotectin in serum, synovial fluid or faeces can predict treatment responses needs to be confirmed by replication studies on larger cohorts and using standardized methodologies.

Figure 1 .

 1 Figure 1. Design of gene modules for Quantitative Set Analysis for Gene Expression (QuSAGE).The design the 45 gene modules was based on the deconvolution of cell signaling pathways. The NF-kB signaling pathway was decomposed to create modules dedicated to the genes coding for transmembrane proteins forming the receptors and the genes encoding their ligands. Other modules group intermediate intracellular kinases (NF-kB regulators), which, once activated, phosphorylate IκBα (inhibitor of NF-κB αsubunit), and NF-kB inhibitors and transcription factors.

Figure 2 .

 2 Figure 2. Analysis of signaling pathways reveals multiple mechanisms of TNF-blocker action in SpA.Shown are the effects of anti-TNF therapy on the "pathway activity" of 45 gene modules generated from 594 immune-related genes. Peripheral blood samples were obtained from 17 axSpA patients before (D0) and 7 days (D7) after the first injection of a TNF-blocker. Whole-blood cultures were stimulated with Candida albicans and RNA was extracted after a 22-hour culture. Gene expression was measured using Immunology_v2 nCounter panel (Nanostring). For each gene module, the mean activity fold-change and 95% confidence interval are plotted and color-coded according to their FDR-corrected P-values (means compared to fold-change zero). Confidence intervals overlapping the horizontal dotted line indicate statistically significant increased or decreased module activity at D7 as compared to D0.

Figure 3 .

 3 Figure 3. Detailed gene activity for 3 representative modules.Shown is the "gene activity" for individual genes from 3 modules shown in Fig.2. A, Cytotoxic molecules; B, M2 macrophages; and C, Pro-inflammatory molecules. Whole-blood cultures were stimulated with Candida albicans as in Fig.2. The horizontal dashed blue line and the grey band indicate the mean differential expression of all genes in the module at D7 versus D0, and the 95% confidence interval.

Figure 4 .

 4 Figure 4. A gene expression signature associated with therapeutic responses to anti-TNF therapy in axSpA.
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Table 1 .

 1 Response biomarkers in Spondyloarthritis (SpA).

	Study	Disease	Treatment	Biomarkers	Pathways	Outcome
		(cohort)				
				GENETIC		
	Seitz (2007)	AS (22)	IFX, ADA,	TNFα -308 G/G	TNF/TNFR	Associates with good response
	[71]	RA (54)	ETN			(DAS28 or BASDAI at 24weeks)
		PsA (10)				
	Liu J (2016) [72]	SpA, IBD,	TNFi	TNFα -308 A/G	TNF/TNFR	G/G predicts good response to TNFi
		Ps, PsA.		TNFα -238 A/G		(ASAS20, ASAS40, BASDAI20,BASDAI50 at 12
		(1016)				weeks)
	Fabris M (2016)	SpA (187)	ADA, IFX,	TNFα -308 A/G	TNF/TNFR	G/G predicts survival of the first TNFi
	[73]		GOL, ETN	IL6-174 C/G	IL-6 signaling	(BASDAI, DAS28-EULAR)
	Aita A (2018)	SpA (137)	IFX, ADA,	TNFRSF1A c.625+10 G	TNF/TNFR	Associates with late response to TNFi
	[74]		ETN, GOL			(BASDAI < 4)
	Murdaca G	57 (PsA)	ETN	TNFα + 489 A/G	TNF/TNFR	A allele associates with the response to ETN.
	(2014) [75]		ADA			
			IFX			

Table 2 .

 2 PLR: platelet/lymphocyte ratio, CRP, C-reactive protein; hsCRP, High sensitivity C-reactive protein; SDAI, simplified disease activity index; VEGF, vascular endothelial growth factor; ESR, erythrocyte sedimentation rate; DAS28, disease activity score 28; ASDAS, Ankylosing Spondylitis Disease Activity Score; MMPs, Matrix Metalloproteinases; TLR, Toll like receptor; DEG, differentially expressed genes; SJC, swollen joint count; DAS, Disease Activity Score; HAQ, Health Assessment questionnaire; USPD, ultrasound power Doppler; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; DAPSA, Disease Activity Index for Psoriatic Arthritis. Biomarkers in Rheumathoid Arthritis (RA).

		92)	ETN	MMP-3	MMPs	MMP-3 decreases with TNFi.
						Change in MMP-3 serum levels are not
						useful for predicting response to ETN.
						(ASAS20 and ASA40 at 3 and 12 months)
	Wagner C	AS (100)	GOL	92 Proteins	acute	Baseline and change in combination of
	(2012) [81]			profiling	inflammation,	biomarkers demonstrated stronger
					bone	prediction for clinical efficacy than CRP.
					metabolism,	(ASAS20 at week 14)
					coagulation,	
					metabolic	
					factors	
	Ademowo OS	PsA (25)	ADA	57 proteins panel	Acute	New biomarker panel that can be measured
	(2016) [82]				inflammation,	at baseline to predict PsA patients' response
					tissue repair,	to biologics.
					coagulation	(DAS28 at 12 weeks)
	Turina (2014)	SpA (78)	IFX, ETN	Calprotectin	Acute phase	Calprotectin and hs-CRP are good
	[83]			MMP3, hsCRP, IL-6,	reactants	biomarkers with high sensitivity to change
				pentraxin-3, Alpha-2-	IL-6 signaling	upon treatment.
				macroglobulin, VEGF	TLR	
					MMPs	
	Østgård RD	AS (30)	ADA	fecal Calprotectin	TLR	Elevated baseline fecal calprotectin may
	(2017) [84]					predict better treatment response.
						(ASDAS at weeks 12,20 and 52)

Abbreviations: SpA, Spondyloarthritis; AS, Ankylosing Spondylitis; RA, Rheumatoid Arthritis; PsA, Psoriatic Arthritis; IBD, Inflammatory Bowel Disease; ADA, adalimumab; ETN, etanercept; GOL, golimumab; IFX, infliximab; TNFi, UST, ustekinumab; SEC, secukinumab; TNF-inhibitors; HC, healthy controls; Rs, responders; NR, non-responders; MiRNA, Micro RNA; BCR, B cell receptor; NLR, neutrophils/lymphocytes ratio; Abbreviations: ABA, abatacept; ADA, adalimumab; CTZ, certolizumab; ETN, etanercept; GOL, golimumab; IFX, infliximab; MTX, methotrexate; DMARD, disease-modifying antirheumatic drugs; TNFi, TNF-inhibitors; HC, healthy controls; Rs, responders; NRs, non-responders; NLR, neutrophils/lymphocyte ratio; PLR: platelet/lymphocyte ratio, CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; DAS28, disease activity score 28; SJC, swollen joint counts, EULAR, European League Against Rheumatism.
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