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Summary
Anti-glomerular basement membrane (GBM) disease is a rare autoimmune vasculitis characterised by antibodies directed against the non collagenous (NC1) domain of the α3 chain of type 4 collagen (α3(IV)NC1). Clinical features are typically of a rapidly progressive glomerulonephritis (RPGN) with or without pulmonary haemorrhage. Treatment aims to rapidly remove circulating auto-antibodies with plasma exchange and prevent further antibody production and suppress inflammation using immunosuppression and corticosteroids. Retrospective studies have shown that this combination of treatment results in good renal outcomes compared to historical controls. Disease relapse is uncommon and, unless patients have a co-existing antineutrophil cytoplasm antibody, maintenance treatment is not required.







Anti-glomerular basement membrane (GBM) disease is a rare, auto-immune, small vessel vasculitis which typically presents with rapidly progressive glomerulonephritis (RPGN) with or without pulmonary haemorrhage. There are some rare cases which present with a milder disease course or with lung disease alone. It is characterised by deposited and circulating antibodies directed against antigens present in the basement membrane of the kidney and the lung. These antibodies can be detected by serum immunoassays or by direct immunofluorescence showing characteristic linear deposition of IgG along the GBM. The antibodies have been shown to be directly pathogenic and antibodies eluted from the GBM have been used to passively transfer disease to primates.[1-3] 
The clinical syndrome of glomerulonephritis (GN) and pulmonary haemorrhage was first described in 1957 by Stanton and Tange who reported 9 cases; they termed this Goodpasture syndrome after Ernest Goodpasture who described a case of fatal GN and lung haemorrhage in 1919.[4, 5] The first comprehensive report of the condition was published in 1973[6]
Epidemiology
Anti-GBM disease is a rare condition with incidence of 1-2/million/year in European populations.[7] It has been described to occur in all racial groups but it is rare in African populations. It has a bimodal distribution of age-specific incidence rates with peaks in the third and seventh decades of life.[8, 9] There is a male preponderance in the first peak and a slight female preponderance in those presenting later in life. There is more pulmonary haemorrhage in the first peak and more renal limited disease in the later peak.[9-11]
Aetiology
Anti-GBM disease has strong positive and negative human leucocyte antigen (HLA) associations. HLA DRB1*1501 is positively associated in around 80% of Caucasian and Asian populations.[12, 13]  HLA DRB1*01 and DR7 are negatively associated with disease.[14, 15] These alleles seem to have a dominant protective effect if they are co-inherited with DR15. However they are all common in the general population and HLA DRB1*1501 in particular has been associated with other autoimmune diseases, implying there must be a role for environmental triggers in susceptible individuals.[16]
Infection has been associated with anti-GBM in disease in numerous reports. Several case series have shown fever and infection (particularly of the respiratory tract) can precede anti-GBM disease.[17, 18] Spatial and temporal clustering with increased disease incidence in the 3 winter months has also been described and this may be due to infectious triggers causing disease ‘outbreaks’.[7, 19] There is a clear association between cigarette smoking or inhaled hydrocarbons and pulmonary haemorrhage in anti-GBM disease.[20, 21] Anti-GBM disease has also been described as a secondary phenomenon following other forms of GN including membranous nephropathy, lupus nephritis, vasculitis and IgA nephropathy.[22, 23] There are also reports associating development of anti-GBM disease with the use of alemtuzumab, an anti-CD52 monoclonal antibody commonly used in the treatment of multiple sclerosis.[24] 
It has been suggested that inflammation from smoking or GN leads to damage of the basement membrane, exposure of previously sequestered epitopes, and development of pathogenic antibodies. Pulmonary irritants may also act to increase capillary permeability leading to alveolar haemorrhage in those with anti-GBM disease.
Pathogenesis
The main autoantigen in anti-GBM disease is the non collagenous (NC1) domain of the α3 chain of type 4 collagen (α3(IV)NC1), located at the C terminus of the α3α4α5 type 4 collagen protomer.[25] There are six distinct chains of type 4 collagen (α1-6) and these trimerise to form specific triple helical protomers which then form a hexamer by binding of two protomers at the 7S domain in the N terminus. α3(IV)NC1 present in the glomerular and alveolar basement membranes accounts for the clinical features of anti-GBM disease. It is also present in the cochlea, testes, choroid plexus and Bruchs membrane in the retina, but does not usually cause clinical disease at these sites.[25-27] Some patients may also have antibody reactivity to α5(IV)NC1 or α4(IV)NC1; it may be that this arises by a process of epitope spreading following a primary response against α3(IV)NC1.[28] This mechanism of epitope spreading has been shown in experimental models of anti-GBM disease, and antibodies from rats immunised with α3(IV)NC1 are also able to recognise α4(IV)NC1.[29]  Antibodies against α1(IV)NC1 have been described and these have been reported to be associated with pulmonary disease.[30]
The autoantibodies against α3(IV)NC1 have been shown to be directly pathogenic. They can be used to transfer disease to primates and in rodent models of anti-GBM disease autoimmune responses to α3(IV)NC1 are sufficient to induce disease.[1, 31] There are several clinical findings which support the pathogenicity of the antibody. Antibody avidity and titre correlate with disease severity and if renal transplantation is carried out in patients with persistent antibodies then disease can recur immediately in the transplanted kidney.[32, 33] Rapid removal of antibodies by therapeutic plasma exchange (TPE) is one of the principle treatments of anti-GBM disease and is associated with improved clinical outcomes. Natural autoantibodies directed against the same epitopes are also found in healthy individuals but with lower titre and affinity than in those with disease, and antibodies in healthy individuals are generally restricted to IgG2 and IgG4 subclasses, whereas in patients with anti GBM disease IgG1 predominates.[34-36] 
There is also a role for T cell mechanisms in the pathogenesis of disease in anti-GBM disease. Experimental models of anti-GBM disease have shown that T cells are sufficient to induce the disease in the absence of humoral immunity and anti- T cell therapies have been used to treat experimental disease.[37-39] There are also clinical findings to support this; T cells can be seen in the glomeruli in renal biopsy tissue from patients with anti-GBM disease and when isolated peripheral CD4+ cells from patients are exposed to α3(IV)NC1 in vitro they undergo proliferation.[40, 41] As the autoantibodies in anti-GBM are class switched between those with natural autoantibodies and those with disease this also implies  that T cell help is needed.[34, 42] 
α3(IV)NC1 is present in the normal thymus; however central tolerance to it seems to be incomplete as autoreactive T cells can be detected in healthy individuals.[43, 44] A further trigger for development of disease is then required and one possibility of this is a conformational change in the quaternary structure of the α3(IV)NC1 autoantigen. The B cell epitopes within α3(IV)NC1 are normally cryptic and buried within the quaternary structure of the NC1 domains. Disruption of this structure and exposure of the epitopes may allow fulminant disease to develop.[28] In one study anti-peroxidasin antibodies were found in 50% of patients with anti-GBM disease. Sulfilimine bonds cross-linking NC1 domains stabilise the quaternary structure of GBM and maintain the pathogenic epitopes in a cryptic position. Formation of sulfilimine bonds is dependent on peroxidasin and it is suggested that anti-peroxidasin antibodies may inhibit sulfilimine bond formation leading to exposure of the cryptic epitopes and binding of pathogenic anti-GBM antibodies.[45]
Clinical Presentation
Most patients will present with features of RPGN and around half will have co-existing pulmonary haemorrhage. A small proportion of patients (<10%) present with isolated pulmonary disease although often these patients have evidence of renal disease histologically.[46] Patients may have a short prodromal illness with systemic features such as malaise, fatigue or anorexia but the duration of symptoms is usually brief and less than a few weeks. Once renal failure is established patients may have oliguria, signs of fluid overload or uraemic features. The majority of patients will have microscopic haematuria and some will have macroscopic haematuria. Low grade proteinuria is common although proteinuria within the nephrotic range has been reported.[47] Loin pain due to distension of the renal capsule is sometimes reported.
Patients with pulmonary haemorrhage usually complain of symptoms such as cough, shortness of breath or haemoptysis but they can also be asymptomatic. In some cases pulmonary haemorrhage can be severe and persistent enough to result in symptomatic anaemia. Chest radiograph or CT scan often shows bilateral airspace shadowing and pulmonary function testing will show raised transfer factor (KCO), although patients may be too unwell to undertake this test. If bronchoscopy is performed haemosiderin laden macrophages can be seen on lavage although, again, patients are often too critically unwell for this to be performed.
Anti-GBM antibodies can be detected on commercially available immune-assays using recombinant or purified GBM. These assays are highly sensitive and specific for the presence of anti-GBM antibodies although they are usually optimised for the detection of IgG antibodies, so patients with atypical antibodies such as IgA or IgG4 may not be detected by routine testing.[48] Patients with antibodies directed against non-classical epitopes may also have negative serological testing by conventional techniques. Western blotting against human GBM is more sensitive and may detect some patients who are negative on immune-assay, however this test is not widely available for routine clinical use. Indirect immunofluorescence using healthy kidney tissue may also detect autoantibodies but is generally less sensitive. A highly sensitive bioassay may also detect antibodies in those negative using conventional techniques.[49]
Renal Biopsy
Crescent formation will be seen on light microscopy in nearly all patients and 80% of patients will have crescents in >50% of glomeruli.[50] Due to the rapid onset of disease in anti-GBM disease, crescents are often described as being ‘synchronous’ in contrast to other causes of RPGN where a mixture of fibrous and cellular crescents may be seen. The proportion of glomeruli affected usually correlates with renal function and patient outcomes. In severe cases there may be rupture of Bowmans capsule with periglomerular inflammation leading to granuloma formation. Interstitial fibrosis and tubular atrophy are rare due to the acute nature of disease but an interstitial infiltrate is common.[11]
Direct immunofluorescence of frozen kidney tissue will show linear staining of the GBM with anti-IgG antibodies. Immunoperoxidase techniques on paraffin embedded tissue will give the same results but are less sensitive. Co-staining is common particularly with C3.[11]
Electron microscopy can identify other pathology that can cause linear IgG deposition such as diabetic nephropathy, lupus nephritis, fibrillary GN or paraproteinaemia. Any co-existing pathology such as membranous nephropathy may also be identified on electron microscopy.
Treatment
Historical cases of anti-GBM disease were nearly always fatal due to lung haemorrhage or renal failure. With increased understanding of the mechanisms of disease pathogenesis and identification of the anti-GBM antibodies as pathogenic attempts to treat the condition were made including using bilateral nephrectomy and immunosuppression.[6]  The first report of treatment of anti-GBM disease using TPE and immunosuppression was published in 1976 and current treatment protocols have changed little from the one described.[51] 
Our treatment protocol for anti-GBM disease which is in keeping with KDIGO guidelines is summarised in Table 1.[52] The aims of treatment are to rapidly remove circulating antibodies using TPE and suppress inflammation and prevent further antibody production using immunosuppression and corticosteroids. 
Plasma Exchange
TPE is an extracorporeal therapy which removes plasma from whole blood to allow its replacement with plasma or albumin; it is effective in removing large molecules greater than 15kDa in size including immunoglobulins and as such it is an essential component of treating anti-GBM disease and other antibody mediated conditions. TPE was first described in 1914 as a treatment for dogs which had undergone bilateral nephrectomy.[53] It was first used as a therapeutic technique in the 1950s to treat hyperviscosity due to Waldenstroms macroglobulinaemia and has since been used in a number of conditions including haematological, neurological and renal diseases.[54] [55, 56]
There are 2 main techniques described for separating plasma from the cellular components of the blood.[57] Centrifugal apheresis separates plasma from cells based on density; cells are then mixed with a replacement fluid and returned to the patient as a continuous infusion. There is no upper cut off for size of molecule that can be removed with this technique. Membrane based apheresis uses filtration based on molecular size. IgG crosses TPE membranes more efficiently than IgM and there is an upper cut off of around 3 million daltons for the size of molecule that will be cleared, meaning that membrane TPE may not adequately clear larger immune complexes or cryoglobulins. Anticoagulation is required to facilitate TPE; heparin is required for membrane apheresis but citrate can be used for centrifugal apheresis eliminating the need for systemic anticoagulation. Both techniques require the patients’ blood volume to be replaced with large volumes of colloid solution to prevent circulatory collapse. Because of this dilution of the patients’ plasma the amount of immunoglobulin removed decreases exponentially which each plasma volume that is exchanged. Based on this, the volume used for each session of TPE is usually limited to 1 plasma volume as with progressively increasing exchange volumes, smaller amounts of antibody will be removed and this may not outweigh potential risks to the patient of a longer exchange period.[58] [55]
Because of its molecular size, around 30-45% of IgG resides in the extravascular space and following each exchange there will be redistribution of IgG from the extravascular space to the intravascular space meaning that the plasma concentration of IgG is higher than would be predicted by equations for its removal. As such, several exchanges are needed to successfully clear IgG from the circulation even in the absence of continued antibody production.[58] 
It has been suggested that TPE, in addition to removal of pathogenic antibodies provides additional benefits by removal of other potentially pathogenic small molecules in the plasma such as complement components, adhesion molecules or cytokines.[59] No study has evaluated cytokine clearance in anti-GBM disease and studies in other conditions have generated conflicting results, with several studies showing no significant reduction in some cytokine levels and others showing increases in some plasma cytokine levels despite the cytokine of interest being present in the discarded plasma. This is suggested to be due to contact of cells with the apheresis device stimulating cytokine production.[60-62] Although there is good evidence that antibodies are directly pathogenic in anti-GBM disease, several cell types contribute to its pathogenesis and TPE may be having other beneficial immunomodulatory effects in addition to antibody removal. It has also been theorised that TPE may lead to changes in lymphocyte subsets leading to increased regulatory T cells and a skewed T cell balance to a predominantly TH1 phenotype.[59, 63, 64] Again, this has not been investigated in anti-GBM disease and the potential mechanisms underlying this are not well understood.
Removal of normal plasma components such as clotting factors by TPE can result in adverse side effects. In patients in whom human albumin solution (HAS) is used as replacement fluid, coagulopathy and potentially bleeding can result. Fresh frozen plasma (FFP) should be used as replacement solution to prevent coagulopathy from developing in patients with active bleeding such as lung haemorrhage or in those at high risk of bleeding due to a recent invasive procedure. Some other antibodies will also be removed by TPE, false negative antibody testing may result so samples for testing for other autoantibodies or infectious diseases should be collected prior to commencing TPE. Some drugs may also be removed by TPE, particularly if protein bound, and pharmacokinetics and dosing regimens should be considered in patients undergoing regular exchange. The most frequent complications of TPE are symptomatic hypocalcaemia, hypovolaemia and anaphylactoid reactions to fresh frozen plasma. The incidence of haemorrhagic complications is low despite the potential for coagulopathy and death is extremely rare, occurring in 0.05% of cases in one study.  As expected, there are fewer reported complications when human albumin solution is used as replacement solution.[65]
A typical treatment schedule for TPE in anti-GBM disease consists of daily 4L plasma exchange for 14 days or until suppression of antibody levels is achieved. Following completion of a treatment course, antibody levels should be carefully monitored as any rebound in titres may require further TPE. Generally 5% HAS is used as replacement fluid; however, in patients with pulmonary haemorrhage or those within 3 days of an invasive procedure (e.g. renal biopsy), FFP should be added. Most commonly centrifugal techniques are used, although as most patients with anti-GBM disease have IgG antibodies, membrane based techniques should be as effective.
The American Society for Aphereisis classifies anti-GBM disease as a category 1 (first line therapy) indication for TPE.[55] Clinical studies of anti-GBM disease reported since 2000 in which patients were treated with TPE are summarised in table 2. However, most studies supporting the use of TPE are retrospective and uncontrolled, comparing historical cohorts with current treatment protocols. There is only one small, underpowered randomised controlled trial investigating the effect of TPE in anti-GBM disease.[66] Seventeen patients with evidence of anti-GBM disease and renal impairment were randomised to receive either immunosuppression alone with oral prednisolone and oral cyclophosphamide for 3-4 months, or to the same protocol with the addition of TPE. TPE was performed every 3 days until anti-GBM titres were undetectable or until patients had been dialysis dependent for 30 days. Fifteen of the 17 patients had evidence of pulmonary haemorrhage in addition to renal disease. In the patients receiving TPE there was significantly more rapid clearance of anti-GBM antibodies and all patients in that group were antibody negative by 2 months, approximately twice the rate in the immunosuppression alone group. At the end of the study period there were more favourable outcomes in the TPE group with a mean creatinine of half that in the immunosuppression alone group. Two of eight patients in the TPE group were dialysis requiring compared to 6 of 9 in the immunosuppression alone group. However there were differences between the two groups at the study outset, with lower serum creatinine and percentage crescents on renal biopsy in the TPE group.[66]
A large retrospective series from a single centre in China identified 221 patients with anti-GBM disease and included 176 in analysis; 45 patients did not receive treatment either due to death in the first 48 hours of admission or late presentation with dialysis dependent renal failure.[67] Patients either received TPE with immunosuppression (cyclophosphamide and steroids), treatment with both cyclophosphamide and steroids or steroids alone. The three groups had similar baseline characteristics although the titre of anti-GBM antibodies was highest in the group receiving TPE and serum creatinine at presentation was lowest in the group who received treatment with steroids alone.[67] The protocol for TPE in this study was daily or alternate day exchanges for up to 14 exchanges or until antibodies were undetectable. TPE had a favourable effect with improved patient and renal survival. The beneficial effect was greatest in patients with either pulmonary haemorrhage or severe renal disease.[67]
A retrospective series from a single centre in the UK reported rapid clearance of anti-GBM antibodies within 8 weeks in a subset of 30 patients treated with TPE and immunosuppression.[8] Within the total cohort of 108 patients who were treated for at least 8 weeks with a variety of treatments (including TPE) no patient who was dialysis requiring at outset recovered independent renal function and patients with a serum creatinine <600μmol/L had the best renal outcomes.[8] Long term follow up of 71 patients from this cohort, compared outcomes to a historical cohort.  In historical patients, treated with immunosuppression alone, renal survival in patients presenting with a creatinine of >600µmol was 0-18%, and in patients presenting with a creatinine of <600µmol was 20-93%.[9] In patients treated with modern treatment regimes which includes TPE, in patients presenting with a creatinine <500µmol/L , renal survival was 95% and patient survival 100% at 1 year and both renal and patient survival were 94% at 5 years. In patients presenting with a creatinine >500 µmol l/L but not requiring dialysis, renal survival was 82% and patient survival 83% at 1 year and,  50% and 80% respectively at 5 years.[9] Patients who required RRT at presentation had very low rates of renal recovery, 8% in this series.[9]
Another large series published by the French Society of Hemapheresis included 122 patients with anti-GBM disease all of whom were treated with TPE, either alone or in combination with immunosuppression and/or steroids.[68] In this group, 1 year patient survival was 86.9% however, renal survival was only 37.7%. Predictors of death within the first year were age >60 years, receiving a low number of TPE sessions and refractory or relapsing disease requiring an alternative immunosuppression agent to cyclophosphamide. A cut off of receiving more than 8 sessions of TPE was associated with a positive predictive survival rate of 95% and a negative predictive survival rate of 47%.[68] 
Immunoadsorption (IA) is an alternative method for removal of pathogenic antibodies or immune complexes. It has been used in other autoimmune diseases and reported for removal of blood group antibodies in the treatment of ABO-incompatible transplants.[69] Theoretically the use of high affinity binding matrices may result in more effective removal of circulating antibodies and allows for processing of a greater volume of plasma without the need for volume replacement. There are case reports and small series reporting IA as an alternative to TPE.[70, 71] One case series of 10 patients treated with IA showed it was effective at removing circulating antibodies with undetectable antibody levels at 1 month. [72] Long term patient survival in this group was 90% and renal survival 50% at the last follow up (mean 84 months).[72] 
A novel therapeutic which has potential as an alternative treatment to TPE is IgG degrading enzyme of Streptococcus pyogenes (IdeS). IdeS cleaves the hinge region of IgG with a high degree of specificity and acts both on circulating and membrane bound antibody.[73] In a passive mouse model of anti-GBM disease where mice are immunised with a subnephritogenic dose of rabbit anti-mouse GBM IgG followed by mouse anti rabbit IgG antibodies, development of proteinuria was completely abolished by treatment with IdeS. Immunofluorescence of kidney tissue showed removal of the Fc fragments of bound rabbit IgG and decreased glomerular leucocyte recruitment.[74] Phase 1 studies have shown IdeS to be safe and tolerable and a phase 2 study of IdeS in anti-GBM disease is currently recruiting (ClinicalTrials.gov Identifier: NCT03157037).[75]
Immunosuppression
Oral cyclophosphamide, 2mg/kg for 2-3 months and oral prednisolone 1mg/kg (to a maximum of 60mg) are the most commonly used immunosuppressive agents given in combination with TPE. Steroid dose should be tapered weekly to 20mg at 6 weeks then gradually weaned completely over the next 6-9 months.[9] The majority of published reports use oral cyclophosphamide rather than pulsed IV therapy and the large case series from the French hemapheresis group showed that oral cyclophosphamide was superior to IV in terms of patient survival at 1 year, although on multivariate analysis this result was no longer statistically significant.[68] It has been suggested that TPE may render patients more susceptible to the effects of immunosuppression as following removal of pathogenic antibody a compensatory proliferation or activation of antibody producing cells will make them more susceptible to the effects of cyclophosphamide and lead to clonal deletion.[76] 
The use of alternative immunosuppressive agents is not well described in the literature although there are an increasing number of case reports of rituximab use either in addition to standard immunosuppression or as an alternative to cyclophosphamide in patients unable to tolerate it.[77] [78]Although rituximab may enhance clearance of the pathogenic antibodies it will not have effects on other cells such as neutrophils, monocytes or T cells which are also contributing to disease pathogenesis and there is insufficient evidence for it to be recommended as first line therapy given the potential severity of anti-GBM disease. It may be useful as an additional therapy in severe disease or as an alternative where there are absolute contraindications to cyclophosphamide. Rituximab is an IgG antibody with a small volume of distribution and so is efficiently removed by TPE; studies have shown that in patients receiving TPE, both peak and trough rituximab levels were significantly lower than patients treated with rituximab alone.[79, 80] Peripheral B cell depletion was similar despite the use of TPE although tissue depletion of B cells was not measured.[79] If rituximab is being used alongside TPE for treatment of anti-GBM disease the pharmacokinetics should be considered when planning dosing strategies with consideration of administration of additional doses. There are isolated case reports of the use of mycophenolate mofetil or calcineurin inhibitors as alternative agents in the treatment of ant-GBM disease; again there is insufficient evidence for them to be recommended first line.[81, 82]
Patients also require adjunctive treatment including peptic ulcer prophylaxis with proton pump inhibitors and prophylaxis against oral fungal infection (eg nystatin, fluconazole) whilst on high dose corticosteroids, and pneumocystis jirovecii pneumonia (PCP) prophylaxis (co-trimoxazole or inhaled pentamidine) whilst receiving high dose steroids and cyclophosphamide. In those who are hepatitis B core antibody positive, prophylaxis against reactivation with lamivudine should be considered.[79]
Prognosis
Patients with anti-GBM disease if untreated will rarely recover renal function and will progress to end stage renal disease. In patients with pulmonary haemorrhage the risk of mortality is high. As discussed, treatment with TPE and immunosuppression has significantly improved outcomes compared to historical cohorts treated with immunosuppression alone.[9] Patients requiring renal replacement therapy (RRT) at presentation have significantly worse renal outcomes and in the Hammersmith hospital series only 8% of these patients recovered meaningful renal function.[9] Several studies have attempted to identify variables which will predict the likelihood of response to treatment, and greater renal impairment at presentation, higher percentage of glomeruli affected by crescents and oligo-anuria at presentation have all been associated with worse renal outcomes.[9, 11, 83] A recent large multi-centre study of 123 patients with anti-GBM disease applied the histological classification used in ANCA associated vasculitis (AAV) and identified percentage of normal glomeruli and extent of interstitial infiltrate as correlates with renal survival. In those with greater than 50% sclerosed glomeruli or 100% crescents, renal outcomes were poor and patients dependent on RRT with these histological features did not recover renal function.[84] Given the very poor outcomes in patients who are dialysis dependent with oligoanuria at presentation, particularly if there are 100% crescents present on renal biopsy, there is debate regarding the futility of treatment in this group. There are isolated case reports of patients who recovered renal function despite presenting in this way.[85] In patients presenting with dialysis dependence, aggressive treatment over supportive care may be indicated in younger patients, those with ANCA positivity, more favourable biopsy findings, very recent start of RRT, or if there is potential for early transplantation. There may also be debate regarding the treatment of patients with anti-GBM disease and normal renal function as there are case reports of these patients recovering with less aggressive or no treatment.[86] However, given the potential for severe morbidity and mortality most clinicians would treat these patients with standard therapy including TPE. 
Relapse in anti-GBM disease is very rare and it is usually a ‘one-hit’ disease. Even in untreated patients there is a decline in autoantibody levels over several months along with decreased numbers of autoreactive T cells and increase in CD25+ suppressor T cells, suggesting restoration of tolerance to α3(IV)NC1.[87, 88] There are several case reports of relapsing pulmonary disease and these are often associated with continued exposure to pulmonary irritants such as smoking or hydrocarbons.[89] In patients who relapse there will be a correlating rise in antibody titre and repeat renal biopsy would be advised to exclude other conditions given the rarity of true relapse of anti-GBM disease. Relapse should be treated with the same protocol as for new disease presentation.
Renal transplant
When renal transplant is undertaken prior to sustained negativity of anti-GBM antibodies, recurrence in the transplanted kidney is extremely high.[33]  As such, a period of 6 months of negative antibody titres is recommended before transplant is considered. If these conditions are met then graft and patient survival in patients with anti-GBM disease is as good as or better than patients with other causes of ESRD.[90]
Atypical anti-GBM disease
Patients with atypical disease have been described with a less aggressive clinical course, no pulmonary haemorrhage, milder renal abnormalities, but linear IgG staining on direct IF of the GBM. In these cases immunoassays of the sera for circulating anti-GBM antibodies are often negative, suggesting antibodies may be directed against alternative epitopes to α3(IV)NC1. A case series of patients with atypical disease reported good renal and patient outcomes, although they were treated with a variety of regimens and only 2 patients received TPE, both of whom pregressed to ESRD.[91]
There is also a subgroup of patients who present with isolated pulmonary haemorrhage and normal renal function, absence of circulating autoantibodies by conventional methods, milder glomerular abnormalities but the presence of linear IgG staining on direct IF of the GBM. This presentation has been associated with circulating IgG4 autoantibodies.[92, 93] In one small case series, 2 of 4 patients presenting in this way were successfully treated with immunosuppression and TPE and 2 received immunosuppression alone.[92]  
‘Double positive’ ANCA and anti-GBM disease 
Despite the fact that anti-GBM disease and AAV are rare conditions up to 40% of patients with anti-GBM disease will have a co-existing ANCA.[94, 95] Patients with double positivity will have an initial presentation with aggressive pulmonary and renal disease similar to those with single anti-GBM positivity.[96] As such they should be treated in the same way as patients with anti-GBM disease with TPE and immunosuppression. In a large series double positive patients were more likely to recover independent renal function; 35% of patients with double positivity who presented dialysis dependent, had renal recovery at 1 year compared to only 10% of patients with anti-GBM disease. Patient survival at 1 year was similar between the 2 groups. Unlike patients with anti-GBM disease patients with double positivity will relapse with similar rates to patients with AAV and they will require maintenance treatment with immunosuppression.[96]
Conclusions
Anti-GBM is a rare disease with characteristic clinical features of RPGN and pulmonary haemorrhage. Modern treatment regimes with TPE and immunosuppression have transformed patient and renal outcomes provided treatment is instituted promptly. As anti-GBM disease is a rare condition the quality of evidence for use of TPE is weak with no large randomised trials and is based on retrospective case series and one small under-powered clinical trial. Nevertheless there is good biological plausibility for its effectiveness as there is substantial clinical and pre-clinical evidence for the direct pathogenicity of anti-GBM antibodies. TPE may well be having other beneficial immunomodulatory effects such as increasing sensitivity to immunosuppression, altering T cell subsets and removing cytokines and other circulating factors. There is limited understanding of how TPE may be mediating these additional effects, particularly in rare conditions such as anti-GBM disease and further research is needed.
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