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Abstract 
Targeting IL-17 has become an important option in current treatment of spondyloarthritis. To place this therapeutic advance in context, we review the discovery and properties of this cytokine, noting those which predispose to inflammation and led to its being considered an attractive target for the treatment of arthritis, especially spondyloarthritis.  The processes which govern the differentiation of IL-17-producing cells, particularly Th17 CD4+ T cells, have been investigated thoroughly, including the role of IL-23, as these point to additional potential therapies as alternatives to direct IL-17 blockade. IL-17 is a critical cytokine in combatting infection, particularly by fungi, but it also has an important role in maintaining epithelial barrier functions, especially in the gut. Both these functions help predict possible adverse effects of IL-17 blockade. Finally, we review the current evidence for the use of IL-17 blockade in various forms of spondyloarthritis, and briefly speculate on future developments. 
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Introduction

In keeping with the aims of this volume, i.e. a focus on clinical practice and novel therapies, this chapter will deal with the relatively recent identification of IL-17 as a key cytokine to target in the treatment of spondyloarthritis (SpA). To do so, we will briefly review the discovery of IL-17, and the properties of the cytokine that led investigators to think that it might play a role in arthritis, particularly SpA. We will then detail the evidence for such a role in both relevant animal models of arthritis, and in human disease. This will be coupled with knowledge of the normal function of IL-17 in the immune system, and the particular kinds of danger, especially infections, that require its production. Such considerations are critical in determining the possible risks of interfering with IL-17 therapeutically, and predicting the kinds of adverse events that such therapy might produce. We will then review the evidence for the efficacy and safety of targeting IL-17 in the treatment of SpA, and the different ways in which this has been done - using monoclonal antibodies to block the cytokine, or its receptor, or to block a different cytokine, IL-23, since the latter plays a central role in stimulating the production of Il-17. Finally, we will speculate on how these therapeutic approaches might be used optimally, thereby identifying some of the main issues which ought to be addressed in future clinical research and practice.

Discovery and properties of IL-17

IL-17’s origins were initially rather obscure; it was first identified  as a gene from a primate Herpesvirus (H. saimiri) which had significant sequence similarity to a gene of unknown function isolated from murine T cells (1, 2) . There have been several incidences of viruses “capturing” eukaryotic genes and expressing them, and several cytokines fall into this category. Where cytokines are concerned, this suggests an important role in host immune responses if it has been “worthwhile” for a virus to capture the gene and maintain it. Expressing the gene as a recombinant protein allowed the identification of a novel receptor which was widely expressed in many tissues, and also showed that the protein, termed IL-17, had cytokine-like effects on fibroblasts, activating NFB, and stimulating production of cytokines (IL-6), chemokines (IL-8) and adhesion molecules (ICAM-1) (3). It also co-stimulated T cell proliferation. Conversely, a soluble form of the receptor inhibited T cell responses. The same group then identified a human gene with even more similarity to the viral one (72% identity at the amino acid level) in a library from CD4+ T cells. These cells secreted large quantities of IL-17 (3).
Thus, the early characterization of IL-17 was as a CD4+ T cell derived cytokine that then acted on many other cells, including T cells themselves. We now know that many other cells produce IL-17, including not only other T cells, such as CD8+ (4),   cells (5) mucosal-associated invariant T (MAIT) cells (6) and iNKT cells (7), but also neutrophils (8, 9) and cells of the innate immune system, specifically ILC3 cells (10). The latter have attracted much recent attention as major producers of IL-17 in the gut mucosa (11), but were only identified long after IL-17 had been described. 

Later work showed that IL-17, as originally described, and now termed IL-17A, is a member of a family of six related cytokines (IL-17A-F) (12). The two members with highest sequence homology to each other (50%), and similar actions, are IL-17A and IL-17F, and these are produced at the same time by many cells; other members, such as IL-25 have quite different properties. The cytokines are usually homodimers, but heterodimers, e.g. IL-17A/F, can also form. It is commonplace to refer to “IL-17” in situations where both IL-17A and IL-17F are present, and it is important to be aware of this, although IL-17A is more potent than IL-17F. Thus, measurements of IL-17 by ELISA will be specific for IL-17A or IL-17F and, in general, monoclonal antibodies are specific for one or the other – though a recent antibody which binds to both IL-17A and IL-17F has been developed and tested clinically (13). There is a corresponding family of 5 receptors; the first reported, now termed IL-17RA, was found to have surprisingly low affinity, but as other members of the receptor family were identified it became clear that the high affinity receptor for both IL-17A and IL-17F is a combination of IL-17RA and IL-17RC, possibly in a 2:1 ratio (14), See Figure 1. Therapeutically, antibodies to IL-17RA (e.g. brodalumab) are sufficient to inhibit responses to both IL-17A and F. Thus, there are significant differences in the effects of targeting individual members of the IL-17 cytokine family versus their receptor, where both IL-17A and F are inhibited, and this difference may be relevant to differing clinical effects of the two strategies for inhibiting IL-17. Functional differences between IL-17A an IL-17F have been difficult to demonstrate, but recently in mice IL-17F was found to increase severity of experimental colitis, whereas IL-17A did not; the effect seemed to be mediated through alterations in gut flora (15).  In addition, signalling through the IL-17 receptors does not involve JAK/STAT pathways, unlike many other cytokines that are targeted by JAK inhibitors. Instead, IL-17 signals through a pathway which includes Act1 and TRAF6 to activate NFB, similar to the signals downstream of IL-1 receptor and Toll-like receptors (12).

Differentiation and control of cells that make IL-17

When CD4+ T cells were shown to be a major source of IL-17, it was found that the producing cells  did not to conform to the popular paradigm of the time, which divided helper T cells into two subsets,  Th1 and Th2, making interferon- (IFN) and IL-4 respectively. IL-17+ CD4+ T cells did not generally make IFN, and never made IL-4. This led to the recognition of a specific T cell subset, Th17 cells, and allowed both their characterization and investigation of the factors controlling their differentiation from naïve T cells (16). Th17 cell were found to express a transcription factor, retinoid orphan nuclear receptor t (RORt; note that the equivalent factor in humans is termed RORC) (17), which allows expression of the IL-17A and F, and of other cytokines which Th17 cells often make - these include TNF, IL-22, IL-21 and GM-CSF. More recently other transcription factors have been implicated, including IRF4 (18), and a member of the AP-1 family, BATF (19), interacting with JunB (20); however RORt expression remains a specific marker of Th17 cells, and other IL-17 producing cells. The identification of the Th17 subset was also aided by the discovery of IL-23 as a heterodimeric cytokine that shares one chain with IL-12 (p40), but has a second unique chain (p19) (21). The role of IL-12 in the differentiation of Th1 cells was already understood, so it was initially surprising when knockout of the IL-12 gene led to markedly more severe experimental allergic encephalomyelitis (EAE), a disease previously assumed to be driven by Th1 cells. Conversely, knockout of p19 protected from EAE, even though Th1 cells were still present. Therefore, EAE must be a disease driven by an IL-23-dependent T cell subset. When it was shown that IL-23 increased IL-17 secretion (22), and that IL-17 producing cells were absent in IL-23 deficient mice (23) (24), it was clear that IL-23 was critical for Th17 cell development. However, naïve T cells do not express the IL-23 receptor (IL-23R), so at least the initial stages of Th17 differentiation could not be due to IL-23. Later work showed that the combination of IL-6 and TGF induces RORt in naïve T cells (25), and thence IL-23R expression to allow expansion of the Th17 population. This finding was originally in mouse Th17 cells; for the human subset, and even the murine one in certain circumstances, TGFmay not be required, and the combination of IL-1, IL-6 and IL-23 appears to be sufficient (26) (27). Differentiation of Th17 cells, and their ability to produce Il-22, is also strongly influenced by the aryl hydrocarbon receptor (AhR) which binds a variety of environmental factors, and is specifically expressed by Th17 cells (28). In the same way that the cytokines produced by Th1 and Th2 cells are mutually inhibitory, both IFN and IL-4 inhibit Th17 cell generation. Nevertheless, IL-17-producing T cells that also make IFN are found, particularly in the context of inflammation, and they express the Th1 transcription factor, Tbet, as well as RORt. Recent techniques, which allow all cells which have ever produced IL-17 to be genetically marked (“fate marking”), have shown an “ex-Th17” subset, which makes IFN and often GM-CSF, but no longer makes IL-17 (29). Development of these cells requires IL-23, and they have been shown to be important in mediating EAE. Alternatively, Th17 cells sometimes co-produce the anti-inflammatory cytokine IL-10 (30). Thus, Th17 cells appear to be rather plastic in terms of their cytokine production over time, and to respond to their local environment.

Whilst IL-17-producing cells can be identified by intracellular staining for IL-17, or for the transcription factor, RORt, it would be helpful to have a surface-expressed molecule that was specific for IL-17-producing cells; this would allow viable cells to be sorted directly and investigated. Unfortunately, there is no such marker. However, certain surface characteristics of Th17 cells have been identified. The first is the chemokine receptor, CCR6; in contrast, Th1 cells usually express CXCR3 – and “double producers” of IL-17 and IFN express both. IL-17 producing cells – Th17 cells, but also IL-17 producing CD8+,  and MAIT cells - normally express CD161 (31, 32), and it is induced by RORt. However, CD161 is not restricted to IL-17-producing cells, and is expressed by NK cells and some other T cell populations. 

Actions of IL-17 

As noted above, some of the earliest experiments on IL-17 showed that it acted on fibroblast/stromal cells, including synoviocytes, which then secreted other factors. Prominent among these were chemoattractants for neutrophils, e.g. CXCL8 (IL-8) and CXCL1. The cytokines IL-6, G-CSF and GM-CSF also increase neutrophil production and longevity, so that IL-17 has a major role in co-ordinating the neutrophil response to infection. There were also effects on macrophages, stimulating release of both TNF and IL-1(33) and these cytokines synergize with IL-17.

Early on IL-17 was shown to degrade cartilage (34) (35); the idea that a CD4+ T cell-derived cytokine had this property was very attractive at a time where both experimental models of arthritis and observations in human disease, especially rheumatoid arthritis (RA), pointed to a central role for T cells in pathogenesis. T cells were plentiful in arthritic synovium and there was a strong genetic linkage to HLA yet, puzzlingly, the typical T cell cytokines known at the time (IFN and IL-4) were not abundant. Therefore, a T cell cytokine that shared some properties with IL-1 and TNF, and synergized with them, seemed likely to be important in arthritis. Indeed, RA synovium was shown to produce IL-17 (36), and high levels were seen in RA synovial fluid (SF) as compared to SF from OA patients (37). RA is a classically erosive disease, so IL-17’s ability to stimulate RANKL expression and therefore development of osteoclasts was thought highly relevant to RA (37, 38). The predominant cell in inflammatory SF is the neutrophil, and IL-17’s neutrophil attractant properties have already been emphasised.



IL-17 in animal models of arthritis

Direct injection of IL-17 into joints produced proteoglycan degradation, similar to the effects of IL-1 (39). IL-17 was also shown to be centrally involved in many forms of experimental arthritis: antigen-induced arthritis,  rat adjuvant arthritis (40), and collagen-induced arthritis (CIA) (41), the latter often regarded as a model of RA. Antibodies to IL-17, or soluble IL-17R, were effective in preventing or ameliorating disease in the different models, and later IL-17 gene-targeted, or IL-23 gene-targeted mice had less severe, or complete protection from, CIA (38). Findings in CIA paralleled those in EAE, as noted above, with worse disease in IFN or IL-12 deficient mice, again refuting the idea that CIA was a Th1 cell-driven disease (42). The observations in CIA, coupled with the relative lack of IFN-producing cells in the RA synovium in contrast to its ability to make IL-17, led to an expectation that IL-17 would be a critical cytokine in RA. This was reinforced when another RA-like model, the KxB/N mouse which develops an autoantibody-mediated arthritis, required Th17 cells; these in turn were crucially dependent on a particular organism in the murine gut flora – an early indication of the importance of the subset in gut immunity (43). 

In models of SpA, IL-17 was shown to be involved in the HLA-B27/2microglobulin transgenic rat (44). In addition, the SKG mouse, which has a mutation in a T cell receptor signalling component, was shown to have several features suggestive of SpA, having initially been regarded as a model of RA (45). IL-17/IL-23 is critical in the SpA-like arthritis which develops in these mice after challenge with yeast or fungal glucans (46) (47). However, the most influential model of SpA recently has been the over-expression of IL-23, which results in enthesitis in typical sites such as the Achilles tendon insertion, and in enthesis-like structures such as the aortic valve and ciliary body of the eye, which are known to be affected in some patients with SpA (48, 49). Importantly, IL-23 receptor expressing T cells have been identified in the enthesis, including  T cells negative for both CD4 and CD8 (48), and  T cells (50). These cells expand in response to the IL-23 over-expression, express RORt and produce IL-17. Work to identify equivalent populations in the human enthesis is underway.

IL-17 in SpA

A consideration of the role of IL-17 in SpA was historically later than RA. A major stimulus to consideration of the importance of IL-17 and IL-23 in SpA was the finding from genome-wide association studies (GWAS) that polymorphisms in genes for multiple components of these cytokines and their signalling pathways were associated with SpA, especially AS. In relation to IL-23 these include IL-23R, IL-12B (encoding p40), JAK2 and TYK2 (the latter two downstream of IL-23R). Other significant associations include IL-6R, IL-6 being required for Th17 cell differentiation, and PTGER4, encoding a PGE2 receptor, and IL-27 - PGE2 enhances, and IL-27 inhibits, Th17 cell development (51). Interestingly, a mutation in IL-23R, which confers protection from AS, results in impaired responses to IL-23 and generation of fewer Th17 cells in vitro (52, 53). All these genes are also associated with inflammatory bowel disease, and some with psoriasis, pointing to their relevance in SpA generally. 
Increased proportions of Th17 cells were shown in peripheral blood (PB) in several forms of SpA (54-57)  - see Figure 3 for an example in psoriatic arthritis. The cells were CD4+ and CCR6+ (although  T cells have also been reported (58)). SpA PB cells produced more IL-17 than cells from controls or patients with RA, and CD4+ IL-17+ T cells were particularly numerous in synovial fluid. IL-17-producing cells, including CD4+ T cells but also neutrophils, were also identified in tissue from facet joints affected by AS (59). In the two diseases associate with SpA, psoriasis and inflammatory bowel disease, IL-17-producing cells were shown to be increased in the inflammatory lesions in skin and gut mucosa respectively (60, 61).
Of course, by far the most important genetic influence on susceptibility to SpA is HLA-B27, and there have therefore been several lines of investigations pointing to possible links between B27 and increased IL-17 production. One curious property of B27 is its ability to be expressed on cell surfaces as disulphide-linked heavy chain dimers, instead of the conventional single heavy chain associated with 2microglobulin. These dimeric forms then engage receptors on T and NK cells and antigen presenting cells – killer-cell Immunoglobulin-like receptors (KIR) on NK and T cells, specifically KIR3DL2, and LILR (LILRB2) on APC (62). The interaction with dimers alters the outputs from these cells, and in the case of T cells, favours IL-17 production (63). A further unusual property of HLA-B27 is its relative inefficiency in folding of the heavy chain during its synthesis in the endoplasmic reticulum. This in turn can trigger the physiologic “unfolded protein response”, which alleviates endoplasmic reticulum stress by the induction of several transcription factors and alterations in protein synthesis, mainly down-regulation. This will either restore homeostasis or lead to orderly apoptotic death of the cell. Unexpectedly this response was shown to significantly affect cytokine production by APC, particularly dendritic cells, so as to favour IL-23 production over IL-12 (64). This response was mediated through CHOP, one of the transcription factors produced during the unfolded protein response (65). Whether B27 mis-folding in vivo is sufficient to produce this effect on IL-23 production is not yet clear. In a study of AS patients who were HLA-B27+ or B27-, and who were also positive or negative for ERAP1 alleles which increase risk of B27 mis-folding, Kenna et al were uable to detect evidence of an in vivo UPR in either peripheral blood or gut of B27+ ERAP1 risk-allele+ AS patients compared to controls (66). Whilst an interesting result, it might well be difficult to detect evidence of a UPR in peripheral blood, or even in affected tissue such as gut. More definitive evidence might require approaches such as single-cell RNA-sequencing of cells at site such as enthuses in order to detect a UPR in a critical cell which might not be detectable in a multi-cellular tissue  - demonstrated using this technique in a recent finding of an abnormal ER stress response in dormant metastatic cells (67). However, as well as class I MHC mis-folding, other “stress” responses might have similar effects on IL-23 production, and these could include mechanical stresses such as those experienced in the enthesis. Indeed, in considering the physiologic role of the IL-23R+ cells identified in the enthesis (48), a response to mechanical stress and/or micro-damage, possibly by the detection of a metabolite by IL-23-producing cells, is a strong possibility, albeit still only a hypothesis.

In addition to classical Th17 cells, recent work has also highlighted the involvement in SpA of an IL-17 producing subset of innate immune cells, termed ILC3 cells. These are mainly located in gut mucosa, and their numbers are increased in AS patients with ileal inflammation (68). The cells can also be found in synovial fluid and bone marrow, and have surface markers suggesting that they traffic from the gut to these sites. The cells respond to IL-23 produced in the intestine by epithelial cells, or possibly a macrophage subset (69), and produce both IL-17 and IL-22 there, though in peripheral sites IL-22 is the predominant cytokine produced. The relative roles of ILC3 cells, Th17 cells and the atypical T cells described in the enthesis remain to be elucidated.

Physiologic roles of IL-17

Initial observations of the effects of Il-17 on neutrophils pointed to a role in bacterial infection, and indeed IL-17 deficient mice were more susceptible to Klebsiella pneumoniae lung infection and Bacteroides fragilis abscesses (70). However, with time, the principal role for IL-17 in combatting infection is in the immune response to fungi and yeasts (71). Dendritic cells stimulated by fungal antigens preferentially make IL-23 and IL-6, favouring Th17 cell differentiation (72). Strikingly, immunodeficiency patients who sometimes develop autoantibodies to IL-17 are highly susceptible to candidiasis (73). 
Furthermore, the recognition of production of IL-17 by cells of the innate immune system, and the realization that IL-17 is phylogenetically a very ancient cytokine (74), suggest that it has plays an important part in homeostasis at barrier surfaces influencing tissue repair and barrier function as well as in combatting invasion by microorganisms. This is especially the case in the gut where IL-17, together with IL-22 that is often made by IL-17 producing cells, is important in maintaining gut barrier function. This almost certainly accounts for the failure clinically of IL-17 blockade in the treatment of Crohn’s disease (75). Importantly some of the IL-17 produced in the gut is independent of IL-23, so that blockade of IL-23 does not necessarily impair gut barrier function (76).


Clinical application of IL-17 blockade

The treatment of psoriatic arthritis (PsA), ankylosing spondylitis (AS) and the related SpAs was revolutionised in the early part of this century by the advent of tumour necrosis factor inhibitors (TNFi). Regulatory approvals and commissioning of TNFi therapies ensued. There has now been approaching 20 years of clinical experience using TNFi therapies, with good efficacy and safety. However, a major unmet need in the care of patients with SpA is the management of the 30% of patients who experience primary inefficacy, secondary inefficacy or adverse events (AE) with TNFi therapy. When no alternative biologic (bDMARD) or targeted synthetic (tsDMARD) disease modifying anti-rheumatic drugs were available, it was common practice to switch to a second, or even third TNFi therapy, with the hope of attaining extra efficacy or tolerability. However, this is reported to be effective in only a proportion of patients with PsA (77) and axial SpA (axSpA) (78). One might switch from a monoclonal TNFi to a non-monoclonal TNFi with the hope of circumventing issues relating to anti-drug antibody (ADA) formation. One might borrow principles from the management of rheumatoid arthritis (RA) and prescribe a concomitant conventional synthetic DMARD (csDMARD) to seek extra efficacy and reduce immunogenicity. Unfortunately neither approach is evidence-based in SpA due to a lack of clinical trials addressing these issues, and clinical outcome is often unsatisfactory. 

Unlike in RA, where several other bDMARDs were licensed soon after the advent of TNFi therapies, including rituximab, abatacept and tocilizumab, there were few immediate additions to the armamentarium for SpA. Clinical trials of ustekinumab (IL-12/23 antagonist) (79-82) 
and apremilast (phosphodiesterase 4 inhibitor; PDE4) (83-87) for PsA showed promising results, but to date have not led to a ‘step-change’ in the management of PsA patients refractory to TNFi therapy. This is reflected by their positioning in the treatment paradigm for PsA as recommended by EULAR (88), BSR (89), and the National Institute for Health and Care Excellence (NICE) technology appraisals (90, 91). Ustekinumab may be more effective for entheseal-predominant rather than synovial-predominant PsA [(92). Apremilast lacks objective longitudinal radiological data to support its clinical data.

Encouraging reports from phase II and III clinical trials of IL-17i therapies were therefore of great interest to both clinicians and researchers, and are summarised below. The IL-17i secukinumab, was licensed for use in AS by the European Medicine Agency (EMA) in 2015 and Food and Drug Administration (FDA) in 2016. Secukinumab was licensed for use in PsA by the EMA in 2015 and FDA in 2016. The IL-17i ixekizumab, was licensed for use in PsA by the EMA in 2018 and FDA in 2017, but does not yet have similar licenses for axSpA.

Ixekizumab

Ixekizumab is a recombinant, high-affinity, humanised, immunoglobulin G4 (IgG4) kappa monoclonal antibody that selectively binds and neutralises IL-17A (93). It is produced in Chinese hamster ovary cells and has high binding affinity for the homodimer IL-17A/A and the heterodimer IL-17A/F, but not to other members of the interleukin 17 family. 

Clinical trials data for ixekizumab in PsA

Two large randomised controlled trials of ixekizumab in PsA have been reported; SPIRIT-P1 (93-95) and SPIRIT-P2 (96). SPIRIT-P1 was a 24-week randomised, double-blind, phase III trial comparing the efficacy and safety of ixekizumab every 2 weeks (n=103), ixekizumab every 4 weeks (n=107), placebo (control arm; n=106) and adalimumab (active reference arm; n=101) in biologic-naïve patients with active PsA (93). The study’s primary endpoint was attaining an ACR20 response in the ixekizumab compared with the placebo group, and to test for differences between 2- and 4-weekly dosing regimes. The study was not powered to detect a difference between ixekizumab and adalimumab, the latter drug being used mainly to act as a point of reference for the ixekizumab results. Significantly more patients treated with ixekizumab achieved an ACR20 response with 2-weekly (62%) and 4-weekly (58%) dosing than placebo (30%; p≤0.001). Disease activity (tender and swollen joint counts) and function (as measured by the Stanford Health Assessment Questionnaire Disability Index; HAQ-DI) significantly improved with both ixekizumab doses versus placebo at weeks 12 and 24. Significantly less peripheral radiographic progression was noted at week 24 in the ixekizumab versus placebo group (p≤0.01). Clearance of plaque psoriasis was greater with ixekizumab than placebo ( p≤0.001). Treatment-emergent adverse events (TEAE) were more frequent with ixekizumab (66%) and adalimumab (64%) than placebo (47%) (p<0.05). 

In the SPIRIT-P1 extension study (n=381/417) to week 52, all patients continued or were switched to ixekizumab and demonstrated sustained efficacy in the 4-weekly (n=97) and 2-weekly (n=96) dosing regimens: American College of Rheumatology 20% improvement (ACR20) responses rates of 69% and 69%, respectively; ACR50 response rates of 55% and 53%, respectively; ACR70 response rates of 39% and 40%, respectively) (94). Psoriasis Area Severity Index 75% improvement (PASI-75; 71% and 74%, respectively) and PASI-100 (49% and 56%, respectively) responses were similar with both ixekizumab dosing regimens (4-weekly and 2-weekly, respectively). Between 43 – 51% of patients with enthesitis at baseline, demonstrated resolution of their dactylitis at week 52 as measured by the Leeds Enthesitis Index (LEI), and dactylitis remission was demonstrated in 75-81% of patients. Minimal disease activity (MDA) response rates were similar in both groups at approximately 40%. Radiographic progression in both groups was minimal.  Approximately 4% of patients suffered TEAEs, the most frequent being nasopharyngitis, injection site reaction, injection site erythema, upper respiratory tract infection (URTI), and back pain. Injection site reactions were far more common in the ixekizumab arms than either the placebo or adalimumab arms. The investigators attributed this to the use of pre-filled syringes in SPIRIT P1; which became less evident through the use of auto-injectors in SPIRIT-P2. Of note, there were no cases of incident Crohn’s disease, ulcerative colitis (UC), or suicide in the ixekizumab groups, and only one reported case of clinical depression in the ixekizumab 2-weekly extension arm. 

A subgroup analysis of SPIRIT-P1 data compared the efficacy and safety of ixekizumab monotherapy, csDMARD-ixekizumab combination therapy and placebo at week 24 (95). Both ixekizumab treatment doses improved measures of disease activity (ACR 20, ACR50 and ACR70) and physical function (HAQ-DI) compared with placebo, when used with or without concomitant csDMARDs.

The SPIRIT-P2 phase III randomised controlled trial investigated the efficacy and safety
of ixekizumab over 24 weeks in PsA patients with inadequate response (or intolerance) to 1-2 TNFi therapies, with the same primary and secondary objectives as used in P1 (96). Placebo non-responders were switched at week 16 to either ixekizumab 4- or 2-weekly dosing. In the placebo (n=118), ixekizumab 4-weekly (n=122) and ixekizumab 2-weekly (n=123) arms response rates at week 24 were as follows: ACR20 of 20%, 53% and 48%, respectively; ACR50 of 5%, 35%, and 33%, respectively; ACR70 of 0%, 22%, and 12%, respectively; with statistically significant differences between active and placebo arms, but not between the two ixekizumab dosing regimens. Of note, ixekizumab had a rapid onset of action, within 4 to 12 weeks as measured by ACR20. MDA was achieved at week 24 by 3%, 28% and 24% of patients on placebo, ixekizumab 4-weekly and ixekizumab 2-weekly, respectively. Improvements in HAQ-DI at 24 were greater than the minimum clinically important difference (MCID) at 0.6 and 0.4 units for 4- and 2-weekly ixekizumab regimens. Resolution of enthesitis and dactylitis were not statistically different in placebo compared with ixekizumab groups, apart from dactylitis resolution in 75% of subjects on ixekizumab 4-weekly versus 21% in placebo (p<0.01). PASI-75 response rates were 15%, 56% and 60% in the placebo, 4- and 2-weekly ixekizumab groups (p<0.001 both ixekizumab arms versus placebo, but no different between ixekizumab arms). Severe TEAEs were more frequent in the active treatment groups than placebo (2/118), and also more frequent in the 2-weekly (4/123) versus 4-weekly (4/122) dosing groups, although this did not translate to a difference between arms in terms of discontinuation due to AEs. In terms of AEs of special interest, the following were more frequent in the ixekizumab compared with placebo arm, with a dose-related response: any candida infection, oral candida infection,  injection site reaction. There were no differential signals for inflammatory bowel disease (IBD), malignancy, cytopaenia, cardiocerebrovascular events or depression. 

The 2-year extension of SPIRIT-P1 has completed, but has not yet been published, apart from in abstract form (97). Similarly, the 52-week data for SPIRIT-P2 has not yet been published, apart from in abstract form (98). A head-to-head study between ixekizumab and adalimumab, SPIRIT-H2H has just closed to recruitment in the UK (NCT03151551). There are also plans for a novel off-label SPIRIT-P3 study investigating ixekizumab tapering after a period of sustained efficacy (NCT02584855). 
	
Clinical trials data for ixekizumab in axial SpA

There are three ongoing clinical trials investigating the efficacy and safety of ixekizumab in axial SpA, but none have yet been published: COAST-X, of active non-radiographic axial spondyloarthritis (nr-axSpA) (NCT02757352); COAST-V, of biologic-naïve patients with radiographic axSpA (NCT02696785); COAST-W, of TNFi-experienced patients with radiographic axSpA (NCT02696798). 

Secukinumab

Secukinumab is a recombinant fully human IgG1 kappa monoclonal antibody that binds to IL-17A, thereby diminishing its pro-inflammatory effects on the synovium, enthesis and cells expressing IL-17 receptors, such as keratinocytes (99). Just like ixekizumab, secukinumab in produced in Chinese hamster ovary cells. The reported bioavailability of secukinumab varies between 73 - 85% in psoriasis-only and PsA patients, respectively (100). An important consideration in the frequently overweight and obese psoriatic patients is the body-weight associated increased clearance and volume of distribution of secukinumab (101). Fortunately, secukinumab appears to have a broad therapeutic window, and dose adjustments for body-weight are not recommended (101). One of the earliest reports investigating secukinumab’s efficacy in psoriasis, RA and non-infective uveitis dates to 2010 (102).  Licensing was pursed for PsA and axial SpA, based upon the clinical trials data described below. 

Clinical trials data for secukinumab in PsA

The results of a 24-week, randomised, double- blind, placebo-controlled, phase II proof-of-concept trial of secukinumab in patients with moderate-severe PsA were published in 2014 (103). A total of 42 patients with active PsA were randomised to either intravenous secukinumab dose (10 mg/kg; n=28) or placebo (n=14), on two occasions three weeks apart. The primary endpoint of ACR20 response at week 6, was attained by 9/23 (39%) patients on secukinumab compared with 3/13 (23%) patients on placebo (p=0.27). Analysis of ACR20 response at week 12 (39 vs. 15%, respectively; p=0.13), ACR20 response at week 24 (43 vs. 18%; p= 0.14), reductions in C-reactive protein (CRP) and erythrocyte sedimentation rate (ESR) in the secukinumab group at week 6 (both p=0.04), HAQ-DI (p=0.002) and quality of life (Short Form Health Survey Physical Component Score, SF-36 PCS; p=0.03) scores prompted further investigation through the FUTURE program of phase III clinical trials.  

The FUTURE 1 double-blind phase III trial enrolled 606 patients with active PsA, and randomised them to placebo, secukinumab 75mg sc or secukinumab 150mg sc every 4 weeks (after an initial loading regimen of 10 mg/kg ivi at weeks 0, 2 and 4) (100). Patients in the placebo group were switched to secukinumab 150 mg or 75 mg at week 16 or 24, depending on clinical response. ACR20 response rates at week 24 (primary end-point) were significantly higher in the secukinumab 150 mg (50%) and 75 mg (51%) groups as compared with placebo (17%) (p<0.001 for both comparisons). Secondary end points, including ACR50 response rates (35% and 31%, respectively), improvement in HAQ-DI (0.40 and 0.41 units, respectively), SF-36 PCS (5.91 and 5.41, respectively), resolution of dactylitis (52% pooled), resolution of enthesitis (48% pooled), and change from baseline in joint structural damage (0.13 and 0.02 units, respectively as measured by the modified total Sharp score)
 were also significantly better in the 150 mg and 75 mg secukinumab groups as compared with placebo. Improvements were sustained through 52 weeks. Infections (including candida) were more common in the secukinumab groups, four patients suffered a stroke and two had a MI (none in placebo). There were no reported signals for inflammatory bowel disease (IBD) at 52 weeks. 

A two-year follow-up study of the FUTURE 1 cohort (n=476/606; 79%) demonstrated sustained secukinumab efficacy in terms of disease activity, quality of life, physical function, skin symptoms, dactylitis, and enthesitis (99). At two years, efficacy in the secukinumab 150 mg and 75 mg groups were as follows: ACR20 response rates of 67% and 59%, respectively; ACR50 response rates of 39% and 30%, respectively; ACR70 response rates of 22% and 18%, respectively; dactylitis resolution in 83% and 85%, respectively; enthesitis resolution in 74% and 77%; mean HAQ-DI improvements from baseline of 0.38 and 0.39 units, respectively; mean SF-36 PCS improvements of  4.89 and 4.67 units, respectively; PASI-75 response rates of 75% and 63%, respectively; and no radiographic progression demonstrated in 16% and 16%, respectively. The most frequent AEs related to nasopharyngitis (12-15%), URTI (12-14%), headache (5-6%) and back pain (5-6%); with the former two AEs showing a non-statistically significant trend to be a dose-dependent. No signals for overt candida infections or incident IBD were identified. Immunogenicity to secukinumab was low: three patients developed ADAs on treatment; two of whom were on concomitant methotrexate; with no apparent effect on efficacy, pharmacokinetics or hypersensitivity-related SAEs. As noted by Patel et al. (104) an electrochemiluminescence-based bridging immunoassay was used to detect ADAs and is known to be suboptimal at detecting anti-secukinumab antibodies in the presence of secukinumab. Furthermore, the incidence of ADAs as detected by a particular assay is confounded by assay method, sample handling, time of day the blood is drawn, concomitant medications, and underlying disease. Patel et al. therefore advocate against comparing the incidence of ADAs between different agents in different clinical environments (104).

The FUTURE 2 clinical trial ensued and was a randomised, double-blind, placebo-controlled, phase III trial of secukinumab in adults with active PsA, undertaken at 76 centres in Asia, Australia, Canada, Europe, and the USA. Patients were randomised to receive placebo (n=98), secukinumab 300 mg (n=100), 150 mg (n=100), or 75 mg (n=99) every four weeks, after an initial weekly loading regime for four weeks. The intent-to-treat analysis demonstrated a significantly higher proportion of patients achieving the primary endpoint ACR20 response at week 24 with secukinumab 300 mg (54%; odds ratio, OR 6.81; p<0.0001), 150 mg (51%; OR 6.52; p<0.0001), and 75 mg (29%; OR 2.32; p=0.04) compared with placebo (15%). The most common AEs were URTI (4-10% with secukinumab and 7% with placebo) and nasopharyngitis (4-6% with secukinumab and 8% with placebo); although not in a dose-dependent manner. SAEs were reported by 1-5% of patients on secukinumab and 2% of placebo-treated subjects. 

A post-hoc sub-analysis of the FUTURE 2 cohort identified subjects who were TNFi-experienced (either inadequate-responders or intolerant) to test for differential efficacy with secukinumab (105). ACR20 responses rates at week 24 with secukinumab 300 mg, 150 mg, 75 mg, and placebo were 58%, 64%, 37%, and 16% in the TNFi-naïve patients (n=258), compared with 46%, 30%, 15%, and 14% in the TNFi-experienced patients (n=139), respectively (p<0.05). ACR 20 response rates at week 52 with secukinumab 300 mg, 150 mg, and 75 mg were 69%, 79%, and 59% in TNFi-naïve, compared with 55%, 38%, and 35% in TNFi-experienced patients, respectively (p<0.05). Overall, secukinumab appeared to be more efficacious in TNFi-naïve compared with TNFi-experienced patients. 

Patients in the FUTURE 2 study were followed up to two-years to assess long-term efficacy, safety and tolerability with secukinumab (106). Placebo-treated patients were further randomised to receive secukinumab 300 or 150 mg sc from week 16 (placebo non-responders) or week 24 (placebo responders). A total of 86/100 (86%), 76/100 (76%) and 65/99 (66%) patients in the secukinumab 300, 150 and 75 mg groups, respectively, completed two years of follow-up. At two years, outcomes using multiple imputation in the 300, 150 and 75 mg groups were as follows: ACR20 response rates of 69%, 64% and 50%, respectively; ACR50 response rates of 51%, 36% and 28%, respectively; ACR70 response rates of 33%, 23% and 15%, respectively; dactylitis resolution in 80%, 78% and 89%, respectively; enthesitis resolution in 72%, 62% and 68%, respectively; mean HAQ-DI improvements of 0.6, 0.5 and 0.3 units, respectively, SF-36 PCS improvements of 6.8, 5.0 and 4.1 units, respectively; and PASI-75 response rates of 80%, 73% and 58%, respectively. Although secukinumab efficacy was evident in both TNFi-naïve and TNFi-experienced patients, there was a trend towards greater efficacy in TNFi-naïve patients for all doses of secukinumab. In the TNFi-experienced patients, efficacy was statistically better in the secukinumab 300 mg group compared with the 150 and 75 mg. Whilst the study was not powered to detect statistically significant differences between mono- and combination therapy with methotrexate, efficacy appeared to be independent of concomitant methotrexate use. No new safety signals were identified at two years of follow-up. 

The effects of secukinumab on patient-reported outcome measures (PROM) in subjects with active PsA participating in the FUTURE 1 study were reported in 2017 (107). At week 24, PROMs in subjects receiving secukinumab 150 mg ivi, 75 mg ivi or placebo were as follows (reported as greater least squares mean changes from baseline; all p<0.0001 and all exceeding MCID): patient global assessment of disease activity (-21, -20 and -7 units, respectively), patient assessment of pain (-21, -20 and -7 unit, respectively), psoriatic arthritis quality of life (-4, -3 and -0.4 unit, respectively), Dermatology Life Quality Index (-9, -8 and 0.7 units, respectively); fatigue as measured by the Functional Assessment of Chronic Illness Therapy (7, 6 and 4 unit, respectively; p<0.05 only for 150mg vs. placebo).

The FUTURE 5 (108) study more specifically evaluated the effect of secukinumab on radiographic progression in 996 patients with active PsA, alongside clinical efficacy and safety. Within the marked constraints of a limited 24 weeks of follow-up, radiographic progression (as measured by van der Heijde-modified total Sharp score) was significantly less evident in all secukinumab arms as compared with placebo, with ivi loading not having a significant influence. 

There is a large portfolio of clinical trials relating to secukinumab safety and efficacy in PsA, that are ongoing but have yet been formally reported: FUTURE 3, assessing different doses versus placebo (NCT01989468); FUTURE 4, assessing the role of loading doses (NCT02294227); EXCEED 1, a head-to-head study between monotherapy secukinumab and adalimumab (NCT02745080); ACHILLES, assessing efficacy for Achilles enthesitis in both PsA and axial SpA (NCT02771210); a study assessing articular response as measured by power Doppler ultrasound in PsA (NCT02662985); MAXIMISE, assessing efficacy for axial manifestation of PsA (NCT02721966); a study assessing the impact of secukinumab on peripheral PsA as measured by magnetic resonance imaging (MRI) (NCT02483234); and efficacy for juvenile PsA and enthesitis-related arthritis (NCT03031782).

Clinical trials data for secukinumab in axial SpA

One of the earliest reports of secukinumab’s efficacy in AS was by Baeten et al. as part of a randomised double-blind phase II proof-of-concept study at eight centres in Europe (four in Germany, two in The Netherlands, and two in the U.K.) (109). Adult patients with moderate-to-severe AS were randomised to either placebo (n=6) or secukinumab (10 mg/kg; n=24) two iv infusions three weeks apart. Ten of these 30 patients were TNFi-experienced (either inadequate responders or intolerant). A 20% improvement in the Assessment of SpondyloArthritis international Society criteria (ASAS20) at week 6 was defined as the primary end-point, and safety was assessed to week 28. At week six, ASAS20 response rates were 59% in the secukinumab (23/24 patients completed the study) and 24% in the placebo group (99.8% probability of secukinumab being superior to placebo). In terms of secondary endpoints, secukinumab treatment was associated with a rapid and significant decrease in acute-phase parameters (CRP and S100 proteins) and MRI scores for spinal inflammatory lesions. Notably, the clinical response to secukinumab was significantly associated with single nucleotide polymorphisms in the ERAP1 gene, with a trend towards association with polymorphisms in the IL23R gene. One SAE (subcutaneous abscess caused by Staphylococcus aureus) occurred in the secukinumab group.

This proof-of-concept study prompted two phase III double-blind placebo-controlled trials of secukinumab in adult patients with active AS; MEASURE 1 and MEASURE 2 (110). Of note both studies excluded patients with total spinal ankylosis. The MEASURE 1 trial, recruited 371 patients and randomised them to either secukinumab (150 mg or 75 mg sc; after 4 weeks of 10 mg/kg ivi loading) or placebo every 4 weeks (110). Irrespective of response week 16, placebo group patients were randomised either 150 mg or 75 mg of secukinumab sc. The primary endpoint for this study was ASAS20 response at week 16, and was achieved by 61%, 60%, and 29% of patients in the secukinumab 150 mg, secukinumab 75 mg and placebo groups, respectively (p<0.001 for both comparisons with placebo). ASAS40 response rates were 42%, 33% and 13% in the secukinumab 150mg, 75mg and placebo groups, respectively (p<0.001 for both comparisons with placebo). These significant improvements were sustained to week 52. Infections, especially candidiasis, were more common with secukinumab than with placebo during the placebo-controlled period of MEASURE 1. Over the 52 week period, pooled exposure-adjusted incidence rates per 100 patient-years were: 0.7 for grade 3-4 neutropenia; 0.9 for candida infections; and 0.7 Crohn’s disease were 0.7, 0.9, and 0.7 cases. ADAs were detected at week 52 in two patients in MEASURE 1 on secukinumab 150mg, and neutralising antibodies to secukinumab were detected in 1/2 of these patients. Neither patient experienced a loss in ASAS20 response or had any immune-related AEs. 

The MEASURE 1 cohort were followed up to two-years and included 97/125 (78%) patients in the secukinumab 150 mg group and 103/124 in the secukinumab 75 mg group (111). The intent-to-treat analysis demonstrated sustained efficacy at two years in both the 150 mg and 75 mg groups: ASAS20 response rates of 74% and 68%, respectively; ASAS40 response rates of 56% and 49%, respectively; mean improvements in BASDAI of 2.93 and 2.7 units; and ASAS partial remission in 26% and 19%, respectively. In the patients originally randomised to secukinumab and with complete radiographic data (n=168), there was no significant progression in axial radiographic damage as measured by the modified Stoke Ankylosing Spondylitis Spine Score (mSASSS; mean change 0.30 units; SD ±2.53). SAEs were high at 12% in the secukinumab 150 mg group and 13% in the secukinumab 75 mg group, leading to secukinumab discontinuation in 9% and 5%, respectively. Crohn’s disease was an AE in 5 patients (0.8%) and candida infection in 4 cases (0.7%) of the pooled secukinumab cohort.

Baraliakos et al. reported the three-year efficacy and safety results from an extension of the MEASURE 1 trial (112). A total of 274/290 from the original MEASURE 1 study entered the extension study and 260/274 subjects completed three years of treatment. Sustained improvements were observed in both the secukinumab 150 mg and 75 mg groups, as measured by: ASAS20 response rates (80% and 76%, respectively); ASAS40 response rates (62% and 50%, respectively); BASDAI, BASFI, and BASMI. Similar sustained improvements were observed in TNFi-naïve and TNFi-experienced groups, and in patients who switched from placebo to secukinumab. Mean secukinumab exposure was 138 weeks, with high persistence rates. No safety signals were identified, and exposure-adjusted incidence rates per 100 subject-years were as follows: 1.1 for serious infections, 0.4 for Candida infections, 0.5 for Crohn’s disease, 0.1 for UC, 0.5 for malignant/unspecified tumours, and 0.7 for major adverse cardiac events.

The MEASURE 2 trial recruited 219 patients with active AS, and randomised them to either secukinumab (150 mg or 75 mg sc; after 4 weeks of sc loading) or placebo every 4 weeks (110). Irrespective of response week 16, placebo group patients were randomised either 150 mg or 75 mg of secukinumab sc. The primary endpoint of ASAS20 response at week 16 was achieved by 61%, 41%, and 28% of patients in the secukinumab 150 mg (p<0.001 versus placebo), secukinumab 75 mg (p=0.10 versus placebo) and placebo groups, respectively. ASAS40 response rates were 36%, 26% and 11% in the secukinumab 150mg, 75mg and placebo groups, respectively (p<0.001 for 150mg dose and p=0.10 for 75mg dose, versus placebo). These significant improvements were sustained to week 52. No ADAs were detected after treatment initiation.

Efficacy and safety data from the MEASURE 2 study at two years was later reported by Marzo-Ortega et al. (113). Of the 219 patients initially randomised in the MEASURE 2 study,  60/72 (83%) patients in the secukinumab 150 mg group and 57/73 (78%) patients in the secukinumab 150 mg group had two-year follow-up data. At two years, ASAS20 and ASAS40 response rates were 72% and 48%, respectively,  with no statistically significant difference between the two doses. Secondary end-points (BASDAI, high sensitivity CRP, FACIT-fatigue and ASAS partial remission) were also sustained to two years. Stratification according to previous TNFi exposure showed no statistically significant difference between TNFi-naïve and TNF-experienced patients at two years: ASAS20 and ASAS40 response rates in TNFi-naïve patients were: 77% and 56% in the secukinumab 150 mg group; and 80% and 60% in the secukinumab 75 mg group. In the TNF-experienced patients, ASAS20 and ASAS40 response rates were: 85% and 50% in the secukinumab 150 mg group; and 69% and 44% in the secukinumab 75 mg group. The safety profile was consistent with that reported at 52 weeks in the MEASURE 2 trial. Over the two year period (mean secukinumab exposure 736 days) exposure-adjusted incidence rates per 100 patient-years were as follows for secukinumab: 1.2 for serious infections and infestations; 0.7 for Crohn’s disease; 0.5 for malignant or unspecified tumors; and 0.7 for major adverse cardiac events. No cases of tuberculosis reactivation, opportunistic infections, or suicidal ideation were demonstrated.

Efficacy, safety and persistence data from the MEASURE 2 study at three years were subsequently reported (114). Persistence with secukinumab 150 mg and 75 mg doses at three years were 86% and 76%, respectively. Secukinumab 150 mg appeared to provide sustained efficacy as measured by ASAS20 (70%) and ASAS50 (61%) response rates, although were lower with the 75 mg dose (54% and 37%, respectively). Efficacy as measured by secondary end-points was also sustained, including BASDAI, ASDAS, ASAS 5/6, SF-36 PCS and ASAS partial remission. Clinical benefits were observed regardless of previous TNFi exposure and no new safety signals were reported. 

Other antagonists of the IL-17 pathway

Brodalumab is a human monoclonal antibody that bind to the cell-surface IL-17 receptor, thereby preventing IL-17 from binding to the receptor. It received a licence by the FDA in 2017 and approval for use by NICE in 2018 to treat moderate-to-severe plaque psoriasis based on data from several studies (115, 116). In 2015, Amgen terminated its participation in the co-development and commercialisation of brodalumab with AstraZeneca for psoriasis, PsA and axSpA due to reports of suicidal ideation and behaviour in the brodalumab program that would likely necessitate restrictive labelling. However, an analysis of psoriasis clinical trials (4464 patients with 9162 patient-years of brodalumab exposure) did not indicate a causal relationship between suicidal ideation and behaviour and brodalumab treatment (117).

Ustekinumab, a monoclonal IL-12/23 antagonist licensed for the treatment of PsA, has had mixed results in clinical practice, despite much promise from the phase III clinical trials (79, 80, 82). Data presented at the American Congress of Rheumatology Annual Meeting 2017 by Schett et al. of the ECLIPSA study, suggests that ustekinumab may be particularly efficacious for entheseal-predominant PsA (92).

Building on their expertise from developing ustekinumab, Janssen developed guselkumab; a monoclonal antibody that binds to the p19 subunit, which is specific to the IL-23 cytokine, rather than the p40 subunit that is shared by both IL-23 and IL-12 cytokines. Phase III trials of guselkumab are in progress, with available data of up to 48 weeks from two phase III, multi-center, randomised, double-blind, placebo- and comparator-controlled clinical trials: VOYAGE 1 and VOYAGE 2 (118). PASI response rates at week 16 were 73% in VOYAGE 1 and 70% in VOYAGE 2, and were sustained to week 48. No alarming safety signals have been identified to date. The phase III trial, NAVIGATE,  included only ustekinumab-inadequate responders, and preliminary data demonstrates improved efficacy on switching to guselkumab in moderate-to-severe psoriasis (119). In 2017, both the EMA and the FDA licensed guselkumab for the treatment of moderate-to-severe plaque psoriasis, and in June 2018 NICE approved its use for this indication in the UK. 

A phase II study of guselkumab in patients with RA, failed to demonstrate efficacy (120). A phase IIa, multi-center, randomised, double-blind, placebo-controlled study evaluating the efficacy and safety of guselkumab in the treatment of subjects with active PsA (n=149) finished recruiting in January 2017 and publication of the results are pending (NCT02319759). Two further phase III multi-center, randomised, double-blind, placebo-controlled clinical trials are currently recruiting: one in TNFi-naïve patients (NCT03158285) and another including TNFi-experienced patients (NCT03162796). At the time of writing, there are no internationally registered clinical trials of guselkumab in axial SpA. 

Tildrakizumab is a IL-23 p19 subunit antagonist being developed by Merck. In early 2018 it was licensed by the FDA for the treatment of moderate-to-severe plaque psoriasis. Phase IIb and IIa are currently recruiting for PsA (NCT02980692) and axial SpA (NCT02980705), respectively. 

Risankizumab is a humanised monoclonal antibody targeting IL-23A, co-developed by Boehringer Ingelheim and AbbVie, and is currently undergoing phase II - III clinical trials in patients with PsA, axial SpA, Crohn’s disease, UC, asthma and various forms of psoriasis. 



Unmet needs 

There are several unmet needs in our understanding and ability to best apply therapeutic strategies relating to the IL-17 axis for peripheral and axial SpA. The positioning of IL-17i therapies in the treatment paradigm for both PsA and axial SpA is difficult due to lack of evidence. Although head-to-head studies comparing IL17i with TNFi are now recruiting, no data have yet been published. Without head-to-head evidence to inform recommendations, regulators, payors and learned rheumatology societies are comparing clinical end-points between RCTs, which is not good scientific practice. In many countries, IL17i therapies are therefore positioned equitably with TNFi therapies. 

It has been argued that a weakness of the IL-17i trials has been their lack of controlled extensions, so that placebo comparisons cannot be made, and inherent bias is introduced due to patients remaining in the extension phase likely being those experiencing efficacy (104). However, given the availability and efficacy of other bDMARDs and tsDMARD, it may be unethical to continue a inadequately responding patient on placebo and deny them an ‘escape’ arm.

Ixekizumab is hailed as offering higher binding affinity to IL-17A than secukinumab. However, there is no evidence that this translates to better clinical outcome. Conversely, it is mooted that the immunogenicity of secukinumab is particularly low (121) and perhaps lower than ixekizumab (122). However, the role of anti-drug antibodies (ADA), neutralising antibodies and serum trough levels have not been studied in sufficient detail to make robust inferences. IL-17 antagonists aside, relatively little is known about the role of ADA for TNFi agents that have been used in clinical practice for >20 years. For patients with IBD, both adalimumab and infliximab serum trough levels and ADAs are used to guide dose titration and biologic switching in clinical practice. This is not routinely done in rheumatology; perhaps in part related to a limited number of licensed dosing regimens. It is common practice to switch to a second TNFi for both PsA and axial SpA if the first TNFi has been insufficient or not tolerated. Given that ixekizumab is an IgG4 and secukinumab an IgG1 monoclonal antibody, there may be merit in witching these agents if one is ineffective.  Similarly, would it be best to switch a patient who has had secondary inefficacy with a monoclonal IgG1 TNFi, and perhaps developed ADAs, to a monoclonal IgG4 IL-17i? To our knowledge, there are no published data or planned clinical trials in PsA or axial SpA to guide the use of different IL-17 antagonists. A multi-centre retrospective cohort study of 17 patient with plaque psoriasis demonstrated efficacy with ixekizumab in patients with prior exposure to secukinumab, and that patients intolerant of secukinumab can be tolerant of ixekizumab (123). 

The persistence of IL-17i therapies in PsA and axial SpA has yet to be determined. Although the studies are ongoing, the MEASURE and FUTURE trials of secukinumab have only reported data to three years. Ixekizumab has no published persistence data beyond a year. In plaque psoriasis patients, secukinumab has been reported to lose efficacy, as measured by maintenance of PASI-75 response, in 22% of patients by week 52 in a RCT (124), 19% of patients by week 24 – 32 in large cohort study (n=90) (125), and 5% in a medium-sized cohort study (n=41) (126).
 
None of the reported studies to date have thoroughly investigated the role or requirements for concomitant csDMARDs in PsA or AS. Without evidence against doing so, clinicians may elect to borrow principles from their experience of TNFi therapy use in RA, and prescribe concomitant csDMARDs if tolerated and accepted by the patient. 

The efficacy and safety of secukinumab has been tested as a treatment for Crohn’s disease, as part of a phase II randomised double-blind placebo-controlled trial (n=39 secukinumab and n=20 placebo) (127).  In addition to demonstrating inefficacy, alarming safety signals were observed. At week 18, 14 SAEs occurred in 10 patients (7/10 in secukinumab and 3/10 in placebo groups); 20 infections, including four local fungal infections, were seen on secukinumab versus none on placebo. Exacerbation of Crohn’s disease occurred in five subjects (4/5 on secukinumab and 1/5 on placebo). Two additional SAEs (pilonidal cyst and ileostomy) were observed in the secukinumab group, but not reported in the clinical database as they occurred 24 and 7 days after discontinuation, respectively. There have been no further secukinumab or other IL-17i trials for IBD registered with clinicaltrials.gov. Deodhar et al. published an abstract describing an analysis of data from ten phase II - III studies in moderate-to-severe psoriasis, two phase III studies in active PsA, and two phase III studies in active AS (128). The authors report no increased risk of IBD among secukinumab-treated patients. However, the analyses are unreliable due to the majority of data being derived from patients with psoriasis-only, in whom the natural prevalence and incidence of IBD is markedly lower than patients with SpA. Although available, data on patients treated for more than 52 weeks were not included. In time, registry data and clinical experience will add to the canon of knowledge on this topic. A pragmatic approach in the meantime may be to refer patients with symptoms suggestive of IBD to gastroenterologists for further investigation, and to avoid or very prudently use IL-17i therapies in patients with known IBD. 

For the reasons cited earlier, fungal infections particularly of the upper gastrointestinal tract are common in patients treated with IL-17i. Fortunately, in clinical practice these tend to respond well to oral antifungal agents. As clinical experience grows, supplemented by registry data, the risk of disseminated fungal infection will be determined. 

IL-17 antagonists may be particularly useful in populations with a high prevalence of mycobacterium tuberculosis (TB), as theoretically, the IL-17 pathway is not associated with TB pathogenesis. Although the SPC for both ixekizumab and secukinumab suggest screening for TB and contraindicate use in patients with active untreated TB, through clinical experience this may change, giving IL-17i great utility over TNFi therapies in TB endemic parts of the world. 

Havrdova et al. reported a randomised proof-of-concept study demonstrating that secukinumab reduces the number of new active brain MRI lesions in subjects with relapsing-remitting multiple sclerosis (MS) (129). Although a phase II study was started to further investigate (NCT01874340), it appears to have been terminated by Novartis in 2015 due to the development of another IL-17i with better potential for treating MS patients. In theory this characteristic may give IL-17 antagonists an opportunity in patients with or at high risk of demyelinating diseases, where TNFi therapy is contraindicated. 
















Practice Points
· IL-17 is an important cytokine, linking the innate and adaptive immune systems, and predating the latter. It therefore has critical and unique roles in inflammation, responses to epithelial damage, and to infection. It is not a “redundant” cytokine.
· Early observations of its production in joints have been strongly reinforced by experimental and genetic evidence in humans and animals, indicating an important role in arthritis, especially spondyloarthritis. 
· Accordingly, IL-17 blockade has shown gratifying efficacy in axial spondyloarthritis and psoriatic arthritis, including in some patient resistant to TNF blockade.
· IL-17 blockade has been well tolerated, although long-term observations are lacking. As expected from its physiologic roles, fungal infections and exacerbations of inflammatory bowel disease have been noted, but have either been mild or relatively uncommon.
· Nevertheless, vigilance is still required as patients are treated for longer periods of time with continuous IL-17 blockade – see research agenda.

Research Agenda
· [bookmark: _GoBack]We do not yet know how to use biologic drugs optimally, and this is especially the case with the more recently introduced therapies. Should SpA patients receive IL-17 blockade as the first-line biologic? Are there regimes which could use different biologics in combination, or more likely in sequence, to bring about long-term drug-free remission?  Many potential strategies can be envisaged and argued, with the most attractive being trialled. 
· Whilst the role of IL-17 in gut barrier function, and in combatting fungal infection is well recognized, it is now becoming clear that the relationship between the normal gut microbiota and gut epithelium may have important consequences for autoimmune and other diseases. Organisms which are generally well tolerated – “pathobonts”  - may induce new kinds of disease in susceptible individuals Therefore even subtle changes in gut or skin barrier function which are likely to be brought about by IL-17 blockade may have important effects in the longer term. In addition to vigilance for new complications, it may also be important to begin to investigate the kinds of changes in gut and skin microbiota brought about by IL-17 blockade. 


Summary 
IL-17 was first described 25 years ago as a CD4+ T cell-derived cytokine with properties similar to the monokines, TNF and IL-1, suggesting that it might be important in T cell-mediated arthritis. Subsequent research has revealed a specific IL-17-producing T cell subset, Th17 cells, how this subset differentiates, and the factors controlling this process, particularly the involvement of IL-23. A central role for Th17 cells in murine models of autoimmune inflammatory disease was clearly shown, and studies in humans concurred with this idea. Strikingly in spondyloarthritis, genetic studies showed that polymorphisms in genes affecting generation of Th17 cells altered susceptibility to disease. This led to studies of IL-17 blockade in spondyloarthritis, with clear evidence of efficacy. Although IL-17 has a crucial role in the response to fungal infection, and in maintaining epithelial barrier function, side-effects of IL-17 blockade have thus far been mild, relatively rare and manageable. Nevertheless, knowledge of IL-17 continues to increase, particularly its production by non-Th17 cells. Relevant to spondyloarthritis, these include atypical T cells in the enthesis, which may respond to local mechanical stresses. They are also respond to IL-23 that may be over-produced in the spondyloarthritis-associated diseases, psoriasis and inflammatory bowel disease.  A critical role of IL-17 production by non-T cell populations has also emerged in maintaining the normal relationship between commensal microbiota and the host, including its immune system. This sounds a note of caution in the use of IL-17 blockade, and a need for continuing vigilance. 



Acknowledgments


Figures 

[image: ]
Figure 1. Heterodimeric IL-17 receptor RA/RC  binds IL-17A and IL-17F, and also IL-17A/F. Modified from Fabre et al (130) 
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Figure 2. Percentages of CD4+ T cells expressing IL-17 (A, B) or IL-22 (C,D) in PB from healthy subjects, patients with psoriasis and patients with psoriatic arthritis.  From reference 56.
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Figure 1 Frequency of interleukin-17+ and interleukin-22+CD4+ T cells in the peripheral blood mononuclear cells of patients with psoriatic
arthrits patients with psoriasis and healthy controls. The frequency of interleukin 17 (L-17)-posiive CD4+ T cels (&) and IL-22-positve CD4+ T cells
(Q0in patients with psoriasis (Ps) or psoratic arthiis (PsA) and healthy controls. The percentages of total CD#4+-T cells re shown. Typical examples of
intracellular staining of IL-17 (B) and IL-22 (D) are also shown after gating for CD3+CD4+ T cells. * p<0.05, **p<001, ***p<0.001 FSC = Forward Scatter.





