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Abstract
Tumour necrosis factor alpha (TNFα) is a cytokine which is pivotal in the inflammatory response.  Blockade of TNFα has been shown to be effective in a number of human autoimmune diseases, including rheumatoid arthritis, raising the question whether this approach may be effective in inflammatory kidney disease, such as ANCA-associated vasculitis (AAV).  In AAV, there is considerable evidence for the role of TNFα in the pathophysiology of disease, including increased expression of TNFα mRNA in leucocytes and in renal tissue.  Importantly, TNFα can induce leucocyte cell membrane expression of the autoantigens involved in vasculitis (proteinase 3 [PR3] and myeloperoxidase [MPO]), thus priming cells for the effects of ANCA.  In rodent models of anti-GBM disease (nephrotoxic nephritis), TNF enhances glomerular injury and TNF blockade using soluble TNFαreceptor or anti-TNFα antibody ameliorates disease. Mice deficient in TNFα are protected from nephrotoxic nephritis and this effect is dependent mainly on intrinsic renal cells.  A mouse model of anti-MPO antibody induced glomerulonephritis is enhanced by LPS, and this effect is blocked by anti-TNFα antibody.  In a rat model of AAV induced by MPO (experimental autoimmune vasculitis) anti-TNFα antibody improves renal pathology and also reduces leucocyte transmigration, as shown by intravital microscopy.  In clinical studies, the Wegener’s Granulomatosis Etanercept Trial (WGET) showed no benefit of additional etanercept versus standard therapy.  However, there are several reasons why the results of the WGET study do not rule out the use of anti-TNFα antibody in acute renal AAV, including the study design and the considerable biological differences between the effects of etanercept and anti-TNFα antibody.  There are several clinical studies demonstrating a response to anti-TNFα antibody in patients with AAV refractory to conventional treatment, and in some of these, the addition of anti-TNFα antibody was the only change in treatment.  We suggest that further investigation of TNFα blockade in AAV is warranted.  
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Introduction
Tumour necrosis factor alpha (TNFα) is a pleiotropic cytokine which plays a central role in inflammation and leads to the production of a wide range of other pro-inflammatory cytokines and chemokines.  It also has important immune regulatory functions and can induce a number of anti-inflammatory and regulatory cytokines.  TNFα is a 26 KDA transmembrane protein which can be cleaved by TNFαconverting enzyme into a soluble 17 KDA form.  TNFbinds to two cell surface receptors, TNFR1 (CD120A, P55) and TNFR2 (CD120B, P75). These receptors engage different signalling pathways, with TNFR1 having a death domain on its intracellular region, whereas TNFR2 does not.  Both receptors can also be cleaved from the cell surface and may circulate on their own or bound to TNFα.  It has been suggested that they might act as decoys for TNFα, although they might have their own immunomodulatory functions.  Binding of TNFα to its receptors can be inhibited by either monoclonal antibodies or soluble forms of the receptor (Figure 1). Early clinical and experimental studies in rheumatoid arthritis (RA) led to the identification of the TNFα dependent cytokine cascade and subsequent trials of TNFα blockade in patients with treatment resistant disease.  This approach rapidly proved effective, and since then TNFα blockade has been approved in RA and a wide range of other chronic inflammatory diseases(1).  Several studies have implicated TNFα or TNFRs in a range of different kidney diseases, and this topic has been previously reviewed(2, 3).  
There has been particular interest in the possible role of TNFα blockade in ANCA-associated vasculitis (AAV) and other forms of rapidly progressive glomerulonephritis (RPGN)(4, 5).  There is considerable evidence for the role of TNFα in pathogenesis of AAV from both clinical and experimental studies.  For example, it has been shown that TNFα mRNA is upregulated in both peripheral blood mononuclear cells and in renal tissue from patients with granulomatosis with polyangiitis (GPA)(6, 7).  In particular, CD4 T cells in the granulomas found in GPA secrete large amounts of Th1 cytokines, including TNFα(8).  In vitro studies have shown that TNFα is important in sensitising neutrophils and monocytes to the effects of ANCA.  Priming these cells with TNFα induces cell membrane expression of PR3 and MPO where they are accessible to binding with ANCA(9).  This subsequently leads to proinflammatory consequences, including neutrophil degranulation and production of reactive oxygen species, and also dysregulation of apoptosis and the development of netosis, which contributes to tissue damage and perpetuation of the autoimmune response(10).  TNFα primes endothelial cells and promotes leucocyte endothelial adhesion by inducing expression of selectins and integrins(11).  TNFα therefore plays a part in the endothelial damage induced by ANCA activated neutrophils.  The TNFRs are also over-expressed at sites of inflammation in AAV(12) and increased levels of TNFRs have been associated with progression of other types of glomerulonephritis(13, 14) . Although both types of TNFR contribute to glomerular injury, studies in knockout mice suggest that TNFR1 is more important in activation of intrinsic renal cells by soluble TNFα(15).  We will consider whether TNFα blockade might be an effective approach in AAV and glomerulonephritis (GN) by reviewing its role in experimental models and clinical studies.

Role of TNFα in experimental glomerulonephritis and vasculitis
Investigation of the effects of TNFα in experimental glomerulonephritis was originally prompted by clinical observations that intercurrent infection exaggerated renal injury in several types of glomerulonephritis, including IgA nephropathy and ANCA-associated vasculitis.  In one early study, it was shown that the administration of even small doses of TNFα increased glomerular damage in the heterologous phase of nephrotoxic nephritis (NTN) in the Sprague Dawley (SD) rat(16), a model that is not dependent on the development of ANCA, but that may be used to study the mechanisms of renal inflammation in crescentic nephritis.  In subsequent experiments, it was shown that treatment with soluble TNF receptor (sTNFr p55) reduced glomerular injury in LPS enhanced NTN. This was accompanied by a reduction in glomerular IL-1β expression(17).  In another early study, TNF binding protein, a dimeric form of the soluble receptor, was found to reduce glomerular injury in accelerated NTN in the SD rat, and decreased glomerular expression and circulating levels of macrophage migration inhibitory factor (MIF)(18).  TNFα blockade can therefore reduce acute glomerular inflammation and also modulate production of other pro-inflammatory cytokines.
The role of TNFα was subsequently investigated in a more robust model of crescentic nephritis induced by nephrotoxic serum in the Wistar Kyoto (WKY) rat.  In this model, preventive treatment with sTNFr p55 significantly improved glomerular disease and completely prevented crescent formation. If treatment was delayed until 4 days after induction of nephritis, when hypercellularity is well established, there was still a marked reduction in albuminuria and crescent formation.  This was again accompanied by reduced glomerular expression of IL-1β(19).  A blocking monoclonal antibody to rat TNFα has also been investigated in the same model.  When given from day 0 or day 4 to day 14, there was improved renal function together with a significant reduction in crescents. When treatment was extended from day 4 to day 28, there was preservation of renal function and significantly less glomerular and tubulointerstitial scarring.  Even when treatment was delayed until day 14, the time of peak crescent formation, there was still preserved renal function and reduced interstitial scarring by day 28.  This was accompanied throughout by a reduction in urinary MCP-1(20).  This work demonstrated the benefit of blocking endogenous TNFα in severe crescentic glomerulonephritis and, importantly, in the subsequent development of interstitial fibrosis.
Although nephrotoxic nephritis in mice does not produce such robust crescent formation, it does allow investigation of knockout strains.  In an early study, accelerated NTN was induced in TNFα knockout and wild type mice.  The TNFα knockout mice developed significantly less glomerular pathology and in particular showed less T cell infiltration and significantly fewer crescents(21).  In subsequent work, bone marrow transplantation was used to investigate the importance of circulating leucocytes versus intrinsic renal cells.  In accelerated NTN, TNFα knockout animals showed greatest protection from disease, whilst wild type to knockout chimeras showed less disease than knockout to wild type chimeras(22).  This study suggests that intrinsic renal cells are the major cellular source of TNFα in this model, although circulating leucocytes also contribute.
More recently, the role of TNFα blockade has been investigated in rodent models of ANCA-associated vasculitis that may more accurately reproduce the biology of human disease.  Experimental autoimmune vasculitis (EAV) can be induced by immunising WKY rats with human MPO in adjuvant.  Animals develop circulating anti-MPO antibodies reactive with rat neutrophils, together with pauci-immune focal crescentic glomerulonephritis and alveolar haemorrhage.  Using intravital microscopy of mesenteric vessels, we showed that anti-MPO antibodies in EAV enhanced leucocyte adhesion and transmigration in vivo in response to the chemokine CXCL1.  A blocking monoclonal antibody to rat TNFα significantly reduced leucocyte transmigration and this was accompanied by abrogation of crescent formation and reduction in lung haemorrhage(23).  This work demonstrates one possible mechanism of action of TNFα blockade in systemic vasculitis.
A model of anti-MPO antibody induced glomerulonephritis has been developed in mice.  In this model, anti-MPO antibodies raised in MPO knockout mice are transferred to naïve recipients, which go on to develop pauciimmune necrotising glomerulonephritis. The severity of renal injury in this model can be enhanced by LPS and the severity of glomerular injury in the enhanced model can be reduced by administration of an anti-TNFα monoclonal antibody(24).  In attempts to induce a similar model using anti-PR3 antibodies, although there was no glomerular injury, the intradermal injection of TNFα triggered local inflammation in these animals(25).  These studies further support the role of TNFα in ANCA-associated inflammation.
The role of TNFα in murine models of systemic lupus erythematosus (SLE) is more complicated.  In NZB /W mice, which show reduced production of TNFα, administration of recombinant TNFα early in life has a protective effect against lupus nephritis(26).  It is likely that this is due to regulatory effects on the autoimmune response.  However, later in the disease course in NZB/W mice, TNFα has the effect of worsening the renal disease, presumably due to its proinflammatory effects(27).  In the MRL/lpr mouse, TNFα is overexpressed and levels of TNFα correlate with the degree of renal injury(28).  Anti-TNFα antibody was shown to be of benefit in several clinical features of this model.  It also reduces the severity of nephritis in the C3H.SW mouse model of SLE induced by injection of anti-DNA antibody(29).

Clinical studies of anti-TNFα therapies in ANCA-associated vasculitis and glomerulonephritis

ANCA-associated vasculitis (AAV)

A number of anti-TNFα therapies are now approved for clinical use in non-renal autoimmune and inflammatory conditions, such as rheumatoid arthritis (RA), the seronegative arthritides, and inflammatory bowel disease (IBD) (Table 2). The use of three agents – adalimumab, etanercept and infliximab – has been reported in AAV, the latter drug being most commonly employed (Table 3). The majority of reports are of compassionate, off-label use in resistant or refractory disease, where anti-TNFα therapy has been added to conventional treatment with corticosteroids and immunosuppression. Whilst these small series have clear limitations, being uncontrolled, including a diverse case mix, and employing variable definitions of refractory disease and remission, many appeared to suggest that anti-TNFα therapy has biological activity and potential clinical benefit in AAV. One of the largest prospective cohort studies, for example, showed that introduction of infliximab was associated with attaining disease remission in 88% of patients with severe disease, or who had previously shown an incomplete response to steroids and cytotoxic treatment(30). In the latter group, addition of infliximab was the only change in therapy prior to improvement.  A parallel mechanistic study suggested infliximab treatment was associated with improvements in vascular endothelial dysfunction and circulating markers of disease activity(31). Similarly, the use of adalimumab, as adjuvant therapy with cyclophosphamide and corticosteroids, was associated with high rates of early remission (approximately 80% at 3 months) and the ability to significantly reduce steroid dose during induction treatment(32). Infectious episodes, occasionally severe, were observed in these series, though in patients with a burden of disease-related damage and previous immunosuppressive exposure, these cannot be wholly attributed to anti-TNFα treatment.

The promising observations of these early series, however, were not fully borne out in the two randomised trials of anti-TNFα therapy in AAV that have been conducted to date. A small randomised study compared the use of infliximab and rituximab in refractory GPA. Approximately one third of patients had a treatment response to infliximab, although response rates to rituximab were higher (50%), and thus this study is regarded as having negative outcome for the use of infliximab(33).  A much larger randomised, placebo controlled study examined the use of etanercept as add-on therapy to conventional treatment with corticosteroids and either methotrexate or cyclophosphamide, for maintenance of remission, in a large cohort of patients with GPA (the Wegener’s Granulomatosis Etanercept Study, WGET)(34). This study found no benefit of etanercept in this context. Reassuringly, there was no difference in the rate of infectious complications between the intervention and placebo groups, though of concern when the study was first reported, an excess of solid cancers was observed in the etanercept treated group.

Based on the findings of these studies, and in particular the WGET trial, many now regard anti-TNFα therapy as a failed strategy in AAV. The important limitations of these trials should, however, be considered before abandoning this therapeutic approach. Since the publication of the former study(33), rituximab has gone on to become an established and effective treatment in AAV, for both remission-induction and remission-maintenance. Failure to demonstrate superiority to rituximab, therefore, may not necessarily imply an absence of any biologic or therapeutic effect. In the WGET study(34), etanercept was used as ‘add-on’ therapy, along with standard treatment, in a cohort of patients with moderately severe disease (only 50% had renal involvement and BVAS scores were relatively low at enrolment). Thus the potential effect of anti-TNFα treatment may not have been apparent in a group of patients that was likely to respond well to conventional therapy. In addition, differences in disease response have been observed with different anti-TNFα agents in other conditions – it is recognised, for example, that etanercept is less effective than infliximab in granulomatous diseases, including Crohn’s disease(35), and WGET enrolled only patients with GPA and none with MPA. This variation in disease response may be due to differences in pharmacokinetics and dynamics between the different drugs. For example, etanercept can only interact with soluble TNFα, whereas infliximab may interact with cell membrane-bound forms, and other functional binding differences are described(36). Thus, the efficacy, or lack thereof, of etanercept should not be used to determine the validity of this general approach with other agents, and it is notable that the uncontrolled studies which suggested benefit of anti-TNFα treatment in refractory disease all employed monoclonal antibody preparations rather than the soluble fusion protein. Finally, concerns regarding the risk of malignancy with anti-TNFα treatment in AAV may have been overstated – a subsequent analysis of the WGET study, with an extended period of follow up(37), suggested that the increased risk of cancer was not different between the intervention and placebo groups when compared to the general population, and that this risk could not be attributed solely to etanerept treatment, as overall duration of disease, past history of malignancy prior to trial enrolment, and previous cyclophosphamide exposure also played a significant role. In addition, there is conflicting evidence regarding the increased risk of malignancy following anti-TNFα therapy in much larger cohorts of patients with rheumatoid arthritis(38, 39).

For these reasons, it remains possible that anti-TNFα therapy has a role in the management of AAV, potentially for refractory disease, or as a steroid sparing agent during the induction phase of treatment. An ongoing trial, for example, is studying the use of a C5a receptor antagonist as a substitute for corticosteroids, rather than as ‘add-on’ therapy, and a similar approach could be employed using anti-TNFα treatment.   Alternatively, it may be that specific disease manifestations should be considered for anti-TNFα therapy. Recent reviews of the ophthalmology literature, for example, indicate that anti-TNFα treatment may be of particular benefit in scleritis and retinal vasculitis(40, 41), and experience at our centre suggests that anti-TNFα may be a useful strategy for resistant ocular manifestations in AAV (manuscript in preparation). In the future, well-designed clinical studies, along with identification of biomarkers or other disease features that predict response to targeted anti-TNFα therapy, may allow us to better define how these agents could be used in the management of AAV.

Anti-TNFα therapy in other glomerulonephritides

Systemic lupus erythematosus (SLE): Whilst preclinical data strongly implicate TNFα in the pathogenesis of crescentic glomerulonephritis and AAV, the rationale for targeting TNFα in SLE is less clear, given the protective role for TNFα described in some murine models of lupus, and the reported development of lupus-like serology, sometimes associated with clinical manifestations, in large cohorts of patients treated with anti-TNFα drugs for other indications (discussed further below).  Taken together, these studies suggest that TNFα may have a role in suppressing the development of autoimmunity. Conversely, circulating TNFα levels are increased in patients with SLE and levels correlate with disease activity, and intra-renal TNFα expression appears to correlate with the severity of lupus nephritis (reviewed in(42)), suggesting that it may have a role in mediating end-organ damage once autoimmunity is established, and on which basis it may represent a therapeutic target. Three small, uncontrolled, open-label, prospective studies of anti-TNFα treatment in SLE have been published(43-45).  All employed infliximab in addition to conventional therapy, and all reported moderate clinical responses following short-term treatment, including in patients with active lupus nephritis. Notably, increases in anti-dsDNA and anti-cardiolipin antibody levels were seen in some patients. They did not appear to correlate with disease activity or relapse risk, although thrombotic events were reported. Two randomised controlled trials of anti-TNFα treatment for lupus nephritis were initiated in 2006/7, although both were terminated before completion: one study failed to recruit well (NCT00368264) and the other was terminated due to concerns regarding risk-benefit ratio of treatment (NCT00447265). Given the number of other biologic targets currently under investigation in SLE, and concerns regarding the potential for anti-TNFα to exacerbate or trigger disease flares, it seems unlikely that anti-TNFα agents will be extensively investigated for the treatment of lupus in the future.

Focal segmental glomerulosclerosis (FSGS): TNFα has been implicated in the pathogenesis of FSGS since the description of elevated plasma and urine levels of TNFα in patients with nephrotic syndrome secondary to FSGS and minimal change disease in the 1990s(46). In a subsequent study, spontaneous TNFα production by cultured peripheral blood mononuclear cells isolated from patients with FSGS correlated with the severity of proteinuria and the degree of glomerulosclerosis observed on renal biopsy(47). Successful treatment, using infliximab and etanercept, of recurrent FSGS in a paediatric renal transplant recipient has been described in an isolated case report(48), and long-term follow-up of a phase I study of adalimumab in resistant FGSG suggested attenuation of renal function decline in a proportion of patients(49). However, a subsequent phase 2 study failed to recruit well, or to identify any benefit in those patients analysed(50). To the best of our knowledge, there are no ongoing studies of anti-TNFα therapy in FSGS.

Safety of anti-TNFα therapy
The development of circulating autoantibodies after anti-TNFα therapy is a well-recognised occurrence. The detection of antinuclear antibodies, for example, in patients treated with anti-TNFα therapy for RA or IBD in clinical trials, has been reported at rates of 29-77% after infliximab, 11-36% with etanercept, and 13% with adalinumab(51).  Anti-double stranded DNA and anti-phospholipid antibodies are also reported, but at lower frequencies. It has been suggested that TNFα inhibition skews the immune response towards a Th2 response that favours IL-10, IFNg and autoantibody production. In addition, anti-TNFα therapy may induce apoptosis and the release of autoantigens from inflammatory cells, thus promoting autoantibody production(52). Reliable data on the frequency of clinical manifestations associated with these autoantibodies is scarce, however, mostly being limited to anecdotal case reports and series. A registry-initiated study identified 22 cases of drug-associated lupus syndromes in an estimated population of 10,000 patients treated with either infliximab or etanercept for inflammatory arthritis in France until 2003, though as a retrospective, survey-based analysis, it may under-estimate the true incidence of this phenomenon(53). In this cohort, cutaneous disease manifestations predominated (no patients had lupus nephritis), developing on average nine months into anti-TNFα therapy, and resolving in almost all cases with cessation of treatment. A subsequent literature review identified 105 cases of anti-TNFα therapy associated lupus, with a similar time and pattern of clinical presentation, and low rates of renal involvement (approximately 5%)(54). In both studies, both monoclonal antibody and soluble receptor therapies were equally implicated in the development of lupus-like disease. The latter review also identified several other autoimmune conditions associated with anti-TNFα therapy, including cutaneous vasculitis, interstitial lung disease, and psoriasis. There are also cases of various other renal and glomerular disorders associated with anti-TNFα therapy, including minimal change disease, membranous nephropathy, IgA nephropathy and pauci-immune necrotizing GN(55). It may be difficult to confirm causality in these cases, since many of the underlying inflammatory diseases for which anti-TNFα therapy is prescribed are themselves associated with other autoimmune and glomerular disorders.  We suggest that patients should be carefully monitored for the development of new autoimmune phenomena and renal disease after initiating anti-TNFα therapy, particularly in the first 12 months, and that treatment should be withdrawn should these develop. In the future, systematic, prospective, registry-based studies may define the true extent of autoimmune syndromes associated with anti-TNFα therapy.

[bookmark: _GoBack]The risk of infectious complications, particularly mycobacterial infection(56), following anti-TNFα therapy in non-renal disorders is well recognised, and should not be forgotten when adopting this approach in AAV. Such patients are increasingly likely to have been exposed to prior immunosuppressive therapy, including biologic agents, and a significant proportion will have additional, functional immune-paresis related to chronic kidney disease, and already heightened risk of mycobacterial infection(57). However, as discussed above, concerns about the development of malignancy have probably been overstated. 

 Concerns regarding the induction of autoimmunity, and in particular lupus-like syndromes, with the use of these agents have already been discussed, and it should be noted that a variety of other renal and glomerular disorders have been associated with anti-TNFα treatment, including minimal change disease, membranous nephropathy, ANCA-associated pauci-immune necrotizing GN(58, 59), and other systemic vasculitides. The use of these agents in patients with a pre-existing tendency to autoimmunity clearly requires careful monitoring and follow up.  However, as discussed above, concerns about the development of solid cancers have probably been overstated.



Conclusions
The available experimental and clinical data provide strong evidence that TNFα contributes to the pathogenesis of various forms of GN, and AAV in particular. Despite demonstrating remarkable efficacy in non-renal diseases such as rheumatoid arthritis and inflammatory bowel disease, anti-TNFα therapies have not found an established role in the treatment of glomerular disease or vasculitis. Uncontrolled studies suggest that anti-TNFα agents have biological activity and potential therapeutic benefit in AAV (and lupus nephritis and FSGS) though the only large randomised, controlled trial to date (WGET) failed to show any benefit in preventing disease relapse in AAV. This negative outcome, the subsequent explosion in other drug targets and biologic therapies, and potential concerns about their role in inducing autoimmunity, have meant that anti-TNFα agents are now largely discounted as a therapeutic option in AAV. This conclusion, however, may have been premature: limitations in trial design, differences in bio-activity of individual drugs, and  failure to consider specific diseases or disease phenotypes that are most likely to respond to therapy, may mean that we have not yet identified how best to use these agents. A clearer understanding of the role of TNFα in the pathogenesis of the spectrum of glomerulonephritis may, in the future, open new avenues for clinical studies and prospective trials. Within the field of AAV in particular, future studies might also address whether anti-TNFα drugs have a role in treating refractory disease, as steroid or cytotoxic sparing agents, or in managing specific disease manifestations. Pending such studies, we highlight the published experience of anti-TNFα use in refractory disease, and remind clinicians that this remains a possible approach in the management of critical disease unresponsive to the conventional repertoire of immunosuppressant treatment.
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Figure legend
Inhibition of binding of TNFα to its receptors by monoclonal anti-TNFα antibody or soluble recombinant receptor.



	Table 1: Tumour necrosis factor alpha (TNFαblockade in experimental glomerulonephritis and vasculitis


	Author
	Model
	Agent
	Outcome 

	Karkar (17)
	SD rat NTN
	STNFr p55
	Reduced glomerular inflammation and IL1 expression

	Lan (18)
	SD rat NTN
	TNF binding protein
	Reduced glomerular inflammation and MIF expression

	Karkar (19)
	WKY rat NTN
	STNFr p55
	Prevention: abrogation of crescents
Treatment: reduced crescents and IL1

	Khan (20)
	WKY rat NTN
	Anti-TNFα mAb
	Prevention: reduced crescents and urine MCP-1
Treatment: reduced glomerular injury and interstitial scarring

	Le Hir (21)
	TNF -/- mouse NTN
	-
	Knockout protected from crescents


	Timoshanko (22)
	TNF -/- chimeric mice NTN
	-
	Intrinsic renal cells major source of TNF with contribution from leucocytes


	Little (23)
	WKY rat EAV
	Anti-TNFα mAb
	Abrogation of crescents
Improvement lung haemorrhage
Inhibition leucocyte transmigration


	Huugen (24)
	Mouse anti-MPO GN
	Anti-TNFα mAb
	Reduced glomerular inflammation


	Abbreviations: SD –Sprague Dawley; WKY – Wister Kyoto; NTN – nephrotoxic nephritis; EAV – experimental autoimmune vasculitis; MPO - myeloperoxidase






	Table 2: Anti-tumour necrosis factor alpha (TNFα) therapies in current clinical use

	Agent
	Description
	EMA Licenced Indications

	Infliximab
(Remicade®)
	· Mouse-human chimeric monoclonal antibody
	· Rheumatoid arthritis
· Ankylosing spondylitis
· Psoriatic arthritis
· Psoriasis
· Inflammatory bowel disease

	Adalimumab
(Humira®)
	· Human monoclonal antibody
	· Rheumatoid arthritis
· Juvenile idiopathic arthritis
· Ankylosing spondylitis
· Psoriatic arthritis
· Psoriasis
· Inflammatory bowel disease
· Hidradenitis suppurativa

	Etanercept
(Enbrel®)
	· Soluble TNFα-receptor-Fc’ fusion protein
	· Rheumatoid arthritis
· Juvenile idiopathic arthritis
· Ankylosing spondylitis
· Psoriatic arthritis
· Psoriasis

	Golimumab
(Simponi®)
	· Human monoclonal antibody
	· Rheumatoid arthritis
· Ankylosing spondylitis
· Psoriatic arthritis
· Ulcerative colitis

	Certolizumab
(Cimzia®)
	· Humanised mouse monoclonal Fab’ fragment; polyethylene-glycolated
	· Rheumatoid arthritis







	Table 3: Clinical studies of anti-tumour necrosis factor alphas (TNFα) therapies in ANCA-associated vasculitis (AAV)

	Study, Year, Design
	Agent, Dose, Duration
	N
	Indication
	Key Outcomes
	Adverse Events & Other Comments

	Stone, 2001(60)
Open label, prospective cohort study

	ETN
25mg
Twice per week for 6 months
	20
All GPA
Renal involvement in 4/20
	Active (n=6) or persistent disease (n=14)
ETN added to CS and other IS
	· 16/20 achieved BVAS/WG scores of 0 at some point during the 6 month study, though intermittent disease activity was common
	· Injection site reactions were common, but treatment was otherwise well tolerated
· One patient developed pneumococcal tracheobronchitis
· No deaths

	Booth, 2002(61)
Case series

	IFX
200mg
Monthly for 3 months
	6
3 GPA, 3 MPA
Proportion with renal involvement not reported
	Refractory disease
IFX added to CS and other IS (not specified)
	· Remission achieved in 83%
· Early response; four patients remitted within 2 weeks
· Allowed steroid taper or withdrawal in 5 cases
	· One patient relapsed when treatment period extended to 2 months
· No adverse events reported

	Bartolucci, 2002(62)
Open-label, uncontrolled pilot study

	IFX
5mg/kg
Weeks 0, 2, 6
Then every 8 weeks
	10
2 RA, 7 GPA, 1 MC
No GPA with renal involvement
	Refractory disease
IFX added to CS for first 6w, then added  other IS (included CYC/AZA/MTX/MMF)
	· Remission in 100% (50% partial or 50% complete) at 6 months
· Symptom attenuation by 2 weeks in 4/10 cases
· Allowed steroid taper or withdrawal in 7 cases at 6 months
	· No infections
· Cutaneous eruptions following IFX infusions in two patients
· Two relapses whilst on treatment (GPA and MC)

	Lamprecht 2002(63)
Cases series
	IFX
3-5mg/kg
Weeks 0, 2, 6
Then every 4 weeks
	6
All GPA
Renal involvement in 4/6
	Refractory disease
IFX added to CS and CYC
	· Remission 83% at 6 months.
· Allowed steroid taper in all responders
	· Higher dose of IFX (5mg/kg) possibly more effective
· One patient withdrawn due to suspected systemic infection
· No relapses reported

	Zaenker, 2004(64)
Case report
	IFX
4mg/kg
Weeks 0, 2, 6 & 10
	1 MPA
With renal involvement
	Active disease
IFX added to iv and oral CS only; AZA for maintenance
	· Biopsy-proven resolution of glomerulonephritis by 12 weeks
	· No relapse during 1 year follow up

	Kleinert, 2004(65)
Case report
	IFX
3mg/kg
6 doses in 6 months
	1 GPA
With renal involvement
	Refractory disease
IFX added to CS and CYC/AZA
	· Achieved clinical and renal remission following six month treatment
	· Minor flare responded to increased AZA only
· No significant adverse events reported

	Booth, 2004(30)
Open label, prospective cohort study
	IFX
5mg/kg
Weeks 0, 2, 6 & 10
	Study 1: 16
7 GPA, 9 MPA
13/16 with renal involvement

Study 2: 16
12 GPA, 4 MPA
Proportion with renal involvement not stated
	Study 1: Adjuvant therapy (with CYC and CS) for remission induction in new or relapsing active disease

Study 2: Additional therapy for persistent disease despite 3 month therapy with CS and CYC/AZA/MTX/MMF
	· Overall 88% remission, at mean time 6 weeks, in both studies
· Steroid sparing compared to published protocols in Study 1, and allowed steroid reduction in Study 2
	· In total 5 relapses (2 in Study 1, 3 in Study 2)
· 6 patients with severe infections (2 in Study 1 and 4 in Study 2), though a heavily pre-treated cohort.
· A patient in Study 2 developed lymphoma
· 2 deaths (both in Study 1) due to pneumonia and active vasculitis
· Parallel mechanistic study suggest IFX improves endothelial dysfunction and circulating markers of disease activity(30)

	WGET, 2005(34)
Prospective, randomised, placebo-controlled trial 
	ETN
25mg
Twice per week for study duration
	89 (vs 92 in control group)
All GPA
53% with renal involvement
	Remission maintenance
ETN as adjuvant therapy with CS and CYC/MTX
	· No difference in primary endpoint between groups: 69.7% etanercept vs 75.3% placebo, p=0.39.
· No significant difference in the risk of disease flares between groups (0.89 flares per 100 person-years follow up; p=0.54).
	· No difference in overall rate of severe adverse events/deaths (56.2% vs 57.1%; p=0.9) during mean follow up of 27 months.
· There was a significantly increased rate of solid cancers in the ETN group (6 vs 0 cases in placebo group; p=0.01), although long-term follow up suggests this cannot be attributed solely to ETN exposure(37).

	Josselin, 2008(66)
Case series
	IFX
5mg/kg
Weeks 0, 2 & 6
Then 4-6 weekly
	15
10 GPA, 1 MPA
3 RA, 1 MC
(Includes nine patients previously reported by Bartolucci)
No AAV cases had renal involvement
	Refractory disease
IFX added to CS and other IS
	· 11/15 in remission by week 6
· Remaining 4/15 showed improvement (BVAS reduction ≥50%)

	· 10 relapses at a median of 13 months (7 after stopping IFX, 3 whiles still receiving treatment)
· 1 case of severe pneumonia reported
· No malignancies


	Laurino, 2010(32)
Open label, prospective cohort  study
	ADA
40mg
Every 2 weeks for 3 months
	14
9 GPA, 5 MPA
All had renal involvement
	Active disease
ADA as adjuvant therapy with with CS and conventional IS
	· Remission 79% within 14 weeks
· Steroid sparing compared to conventional published regimens
	· 5 patients experienced relapse during mean follow up of 40 months
· Three patients experienced infectious episodes
· One death on dialysis

	Morgan, 2011(67)
Open label, non-randomised prospective cohort study
	IFX
5mg/kg
Weeks 0, 2, 6 & 10

	16
11 GPA, 5 MPA
11/16 with renal involvement
	Active disease
IFX with CS and CYC/ MMF
	· No difference in rates or remission, adverse events, damage, or relapses, compared to parallel standard IS group (CS, CYC ± PEX; n=17)
	· Standard IS group had more severe disease; 7/17 required additional PEX
· IFX group had higher proportion of patients with relapsing disease (7/16 vs 0/17).
· Three deaths in IFX group (pancreatic cancer, acute MI, pneumonia) during long-term follow up

	De Menthon, 2011(33)
Open label, prospective, randomised trial of IFX vs RTX
	IFX
3-5mg/kg
Weeks 0, 2, 6
Then every 4 weeks
	9
All GPA
3/9 with renal involvement
(8 GPA with RTX)
	Refractory disease
IFX added to CS and other IS (including CYC/AZA/MTX/CMX)
	· Remission 33% at 12 months (2 complete, 1 partial)
· Less effective than RTX group (50% remission 12 months)
	· One death from invasive aspergillosis at day 60
· Five remaining patients had progressive or relapsing disease

	IFX, infliximab; ETN, etanercept; ADA, adalimumab; GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; RA, rheumatoid arthritis; MC, mixed essential cryoglobulinaemia; CYC, cyclophosphamide; AZA, azathioprine; MTX, methotrexate; MMF, mycophenolate mofetil; RTX, rituximab; PEX, plasma exchange; CS, corticosteroids; CMX, co-trimoxazole; BVAS, Birmingham Vasculitis Activity Score. 
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