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Systemic lupus erythematosus (SLE) is a complex autoimmune disease known for its high heterogeneity among individuals, which affects various organs including the kidneys. Lupus nephritis (LN) is a frequent and life-threatening manifestation of the disease, with up to 50% of patients developing kidney involvement. Classification of renal involvement in lupus is based on specific histopathological findings, guiding therapeutical decisions. Immunosuppressive therapy, particularly glucocorticoids combined with cyclophosphamide or mycophenolate mofetil, has been the mainstay of treatment for many years, while rates of complete remission have not changed dramatically. Despite advancements in therapy, in an important proportion of patients LN leads to end-stage kidney disease (ESKD). Emerging therapies including belimumab, voclosporin, and obinutuzumab offer promising results in improving renal outcomes, especially in refractory or relapsing disease. Maintenance therapy is crucial to prevent disease flares and preserve renal function. Supportive measures including lifestyle modifications and non-immunosuppressive pharmacological interventions are nowadays also essential in managing LN. This review emphasizes recent advances of therapy and challenges regarding treatment optimization with strategies to improve long-term outcomes.
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Introduction

Systemic lupus erythematosus (SLE) is an autoimmune disease known for its complexity and the exhibition of high heterogeneity among affected individuals. Lupus pathogenesis is mainly linked with the production of autoantibodies. The mechanism of autoantibodies creation includes a blend of genetic, epigenetic, hormonal, immunoregulatory and environmental factors. Heterogeneity is reflected to varied clinical manifestations related to the organs affected as well as to the way the disease manifests in a specific organ (1).

Kidney involvement in SLE is a frequent manifestation of the disease and can be evolved to a life-threatening condition. Kidney involvement is observed in about 50% of patients with SLE and from this percentage, up to 10% will develop end-stage kidney disease (ESKD). It is remarkable that LN itself has been linked with an threefold increased risk of death (2, 3). LN is the most common form of kidney involvement, although SLE can cause kidney injury in various other ways including tubulointerstitial disease (4), lupus podocytopathy (5), and vascular involvement i.e. thrombotic ic microangiopathy (6) or vasculitis (7). Lupus nephritis is defined as a glomerular injury being developed in patients with SLE and is associated with the detection of stains for IgG, IgM, C3 and C1q in immunofluorescence. There are different types of renal involvement in lupus, manifesting with various clinical signs and diverse prognoses (8). Certain patient characteristics, including black race, male sex, pediatric onset, frequent relapses, incomplete remission and high proteinuria, have been associated with greater risk for progressive kidney disease and renal failure (9).

Although the prognosis of renal involvement in patients with SLE has significantly improved over the past few decades, a high percentage of patients still progress to ESKD. Therefore, there is a well-defined need for new insights in the management of LN with the introduction of targeted immunosuppressive therapies in addition to supportive and non-specific interventions to attenuate chronic kidney disease (CKD) progression.





Histopathology

Lupus nephritis is notorious for the large diversion of morphological patterns that disease may exhibit in histopathology. It is an immune-complex mediated nephritis, that is typically characterized by “full house” pattern in Immunofluorescence examination (that means Immunoglobulins IgG, IgA and IgM, complement components C3 and C1q, and kappa and lambda light chains, all are expressed in glomeruli Figure 1), while electron dense deposits are identified, sometimes in different glomerular locations, in ultrastructural examination by electron microscopy (EM) (Figure 2). Commonly, deposits may be found in different aspects of glomerulus in mesangial, subendothelial and/or subepithelial location/space and sometimes into tubular basement membranes or small vessel walls. Typical histological features also include the presence of tubuloreticular inclusions by EM examination, while in light microscopy examination, karyorrhexis, or large subendothelial deposits that form “wire loops” or “hyaline thrombi” are seen, especially in classes III and IV; the aforementioned histological features can also be of diagnostic importance. According to Kudose et al., full house pattern, intense C1q staining, extraglomerular deposits, combined subendothelial and subepithelial deposits, as well as endothelial tubuloreticular inclusions are important features of lupus nephritis, that can serve for the differential diagnosis from other glomerular diseases (the combination of these histological characteristics increases specificity and sensitivity of lupus nephritis diagnosis) (10).




Figure 1 | Intense C1q staining, in mesangium and segmentally in glomerular basement membranes, from a case of lupus nephritis, Class IV (C1q X 400, Immunofluorescence examination, DAKO FITC, 1/50 dilution).






Figure 2 | Numerous and large mesangial deposits, in a case of LN (Uranyl acetate X 4400).



Differential diagnosis of lupus nephritis includes Cryoglobulinemic glomerulonephritis, since both entities can display membranoproliferative pattern and “hyaline” thrombi into glomerular loops. In addition, lupus nephritis may show “organized” deposits by EM examination and sometimes can coexist with cryoglobulinemia. However, IgM immunoglobulin is usually dominant in Cryoglobulinemic glomerulonephritis (IgG or IgA immunoglobulins are expressed in a much lesser degree, or can be fainter), and usually there is no “full house” pattern. Furthermore, detection of cryoglobulin substructure in ultrastructural examination can be of importance in differential diagnosis. Differential diagnosis also includes rare cases of non-lupus nephritides with full house pattern, that mimic LN (11), comprising different disease entities, such as infection-related glomerulonephritis (e.g. endocarditis-related glomerulonephritis etc), membranous glomerulopathy associated with malignancy, “lupus-like” immune-complex mediated GN in HIV-infected patients (12) etc. In some of these cases that demonstrate full house pattern in Immunofluorescence, there is no specific evidence of any particular etiology and lupus serology may also be negative; however, an adequate and close follow-up of these patients is mandatory, since some of them may eventually show positive lupus serology in the future. Rarely, podocytopathies, such as minimal change disease, have also been noted in patients with SLE. ISN/RPS consensus classification states that “the renal biopsy findings, per se, cannot be used to establish a diagnosis of SLE”, thus pathology findings should always be combined with serology and clinical findings/symptoms, in order to establish a diagnosis of LN (13).

Classification of LN divides histopathological patterns of glomerular injury into six “classes”, while the activity/chronicity indices should be applied in parallel in every biopsy, in order to determine the severity of the disease, the background chronicity, but also may provide useful guidance for the clinical therapeutic maneuvers, or even prognostic implications. The current ISN/RPS classification system for LN (13), has been modified in 2016, after a new consensus meeting and report (14). The “segmental” and “global” descriptive terms for class IV of LN, as well as the related indicators of activity and chronicity for class III and IV were eliminated in the latter modification. Furthermore, fibrinoid glomerular necrosis was proposed to be included in the activity index, as a separated and autonomous marker (in contrast with the previous Activity/Chronicity scheme), while some other minor proposals have also been suggested (14). According to the current classification, class I LN includes biopsies with normal histology on light microscopy, but “full house” pattern in Immunofluorescence examination, while class II includes biopsies with glomerular mesangial proliferation (without any endo- or extracapillary proliferation), and “full house” pattern in immunofluorescence microscopy. Class III LN (Figure 3) is characterized by focal endocapillary and/or extracapillary proliferation (<50% of glomeruli are involved, focal proliferative glomerulonephritis), while Class IV (Figure 4) includes biopsies with diffuse endocapillary and/or extracapillary proliferation (≥50% of glomeruli are involved, diffuse proliferative glomerulonephritis). Class V LN (Figure 5) comprises lupus membranous nephropathy with subepithelial deposits by LM and IF or EM, that may also show (or may not) mesangial proliferation. Class VI is characterized by advanced sclerosing LN (≥90% globally sclerosed glomeruli without activity in biopsy, while renal function is impaired, there is varying degree of proteinuria and urine sediment as well serology may be inactive at this phase, i.e., “burnt-out” lupus). The most common histopathological classes found in patients with SLE are III, IV and V, while mixed classes, combining Class III + V, or Class IV + V, can also be occasionally encountered (15).




Figure 3 | Segmental endocapillary proliferation, in association with a small focus of glomerular fibrinoid necrosis and karyorrhexis, in a case of LN Class III (H&E X400).






Figure 4 | Membranoproliferative pattern, with lobulation of glomerular architecture, with mesangial expansion and proliferation, in association with capillary lumen occlusion by infiltrating inflammatory cells, including neutrophils, in a case of LN Class IV (H&E X400).






Figure 5 | Glomerular capillary wall thickening, in association with mesangial expansion and proliferation, in a case of LN Class V (H&E X400).



A novel study by Bolognesi et al, suggested the presence of two main phenotypic forms/clusters of lupus nephritis, membranoproliferative-like and vasculitis-like, challenging the traditional classification, but further validation and confirmation from future studies are needed for establishing these observations (16).

Repeat of the renal biopsy during the disease course is essential for disease monitoring, since LN can display many faces, including class “transformation” (change from one class to another), a phenomenon which can be seen after therapy, but occasionally may be demonstrated in other situations. In addition, repeating renal biopsies can provide substantial information regarding chronicity, assessment of treatment response, or the detection of new flares of activity, in a chronic background. Furthermore, LN can be clinically “silent” and deceiving, and in some instances, histopathology may reveal the aggressive face of the disease, which may not be obvious in terms of clinical signs and symptoms. As expected, advanced chronicity has been linked with adverse kidney outcomes. The most important histological findings defining prognosis, that have also been recognized as risk factors for chronic kidney disease, are class type (Class IV), tubulointerstitial or vascular lesions or thrombotic microangiopathy and increased chronicity index (17).





Definitions

There is no consensus agreement about the definitions of response, resistant disease and relapse in patients with LN, who are treated with immunosuppressive therapy and thus patients groups are heterogeneous in various studies (18). However, according to Kidney Disease Improving Global Outcomes (KDIGO) guidelines complete response translates into a decrease of proteinuria under 0.5 g/g (50 mg/mmol) assessed as the protein-creatinine ratio (PCR) from a 24-h urine collection and the enhancement or stabilization of renal function (+/- 10% of the baseline). Achievement of a partial response requires a decrease of proteinuria by at least 50% and under 3 g/g (300 mg/mmol) assessed as the PCR from a 24-h urine collection and the enhancement or stabilization of renal function (± 10%–15% of baseline). This definition refers to a time frame of 6-12 months after the initiation of immunosuppressive therapy, but complete response can take more than 12 months to be achieved (19). It is noteworthy that the term “response” is clinical and not the equivalent with the histopathologic term “remission”. A new kidney biopsy, which demonstrates the absence of active inflammation, is the only way a complete remission can be confirmed. However, in common clinical practice only selected patients undergo repeat kidney biopsy when a complete response of LN is achieved.

Not all patients with LN achieve a partial or complete clinical response after the initiation of immunosuppressive therapy. Resistant disease refers to the ineffectiveness of the initial immunosuppressive regimen to achieve a complete or a partial response, despite full adherence with the prescribed regimen. Yet, patients who have been given immunosuppressive therapy for LN may be shown resistant to it for other reasons, including nonadherence, inadequate scheme or dose, or duration of therapy and/or existence of genetic factors promoting chronic kidney disease. Generally, only a few patients remain unresponsive to both the two well-established therapy regimens of LN, namely a course of glucocorticoids plus cyclophosphamide or mycophenolate mofetil (MMF) (20).

Additionally, about 30% of patients with LN who initially achieved a complete response on immunosuppressive therapy and 60% of patients with partial response will subsequently experience a relapse (21). Relapse of LN is typically characterized by one or more of the following: active urine sediment, increased serum creatinine and/or increased urine protein excerption. Relapses can occur at any step of therapy, in patients on immunosuppressive therapy or during the decrease or cessation of immunosuppressants (22).





Management of patients with lupus nephritis

Histopathological features of the kidney biopsy primarily guide the treatment of LN. All patients with an established diagnosis of SLE, including individuals with LN, should receive hydroxychloroquine (19). On the other hand, not all histopathological classes need immunosuppression.




Class I & II

Patients with Class I (minimal mesangial) and Class II (mesangial proliferative) LN have a favorable renal prognosis and there is no justification for immunosuppressive therapy if extra-renal manifestations are absent. The only exception refers to patients with nephrotic syndrome attributed to lupus podocytopathy (5). In this occasion patients are treated with oral prednisolone 1mg/kg once daily (max. 80 mg) for 1 to 4 months which is gradually reduced after the achievement of remission (23). In any other case of Class I and Class II of LN, treatment is guided by extra-renal manifestations.





Class III & IV




Induction

The treatment of Class III (focal) or Class IV (diffuse) LN consists of two phases: an initial phase in which anti-inflammatory and immunosuppressive agents are administered, followed by a second phase with long-term immunosuppressive therapy to ensure the sustained remission and avoid relapsing disease. The current perspectives for the management of LN are moving from sequential therapy i.e., strict separation of the two phases to an undivided approach, with combined therapies targeting multiple pathways of the immune system. In this regard, the duration of initial therapy may last as short as 3 months or as long as 1 year, but the average duration is approximately six months. The therapeutic goal of patients with the above histopathological classes is achievement of complete response. A delay in initiation of therapy must be avoided, as it may lead to irreversible kidney damage.

During the initial phase glucocorticoids are combined with either MMF or intravenous cyclophosphamide. A typical approach includes the administration of 0,5-1 mg/kg/d prednisolone (max. 80 mg/d) followed by a gradual tapering over a period of 3 to 6 months, which is widely adopted (24). In cases with more severe clinical and/or histopathological findings i.e. worsening kidney function or crescents presence in kidney biopsy, the administration of three intravenous daily pulses of 0,5-1g methylprednisolone is indicated (25). The adoption of intravenous cyclophosphamide has become the established norm in treating LN, improving kidney prognosis, and preventing the progression to ESKD. The typical National Institute of Health (NIH) regimen involves the administration of 0.5-1 g/m2 monthly doses of intravenous cyclophosphamide over a duration of 6 months (26). The alternative option is the Euro-Lupus regimen, which comprises the administration of 500 mg intravenous cyclophosphamide every 15 days over a span of 3 months, a remission-inducing regimen of low-dose intravenous cyclophosphamide (with a low cumulative cyclophosphamide dose of 3 grams) that leads to clinical outcomes comparable to those achieved with the full-dose regimen (27). Consequently, 6 months regimen is usually used only for the most severe forms of LN Intravenous cyclophosphamide is also indicated as the initial therapy in patients with low adherence to an oral regimen (19).

The other option includes the administration of glucocorticoids plus MMF, as no significantly different response rates between MMF versus cyclophosphamide was detected. Additionally, no significant differences were observed between the MMF and intravenous cyclophosphamide groups in terms of adverse events rates (28). MMF is administrated at a dose of 2-3 grams daily in two divided doses. For patients experiencing gastrointestinal side effects and cannot tolerate sufficient MMF doses, enteric-coated mycophenolate sodium (EC-MPS) is an alternative. While the guidelines for the optimal initial induction therapy remains ambiguous, MMF is typically favored for young patients with fertility concerns, given that cyclophosphamide could have adverse effects on fertility (19), if there is no indication of acute kidney injury and/or aggressive histopathological features in the renal biopsy. In this regard, according to EULAR recommendations, high-dose intravenous cyclophosphamide (0,5–0,75 g/m2 monthly for 6 months) is primarily administrated in patients with reduced glomerular filtration rate (GFR) and/or severe histopathological findings (23).

Rituximab, a monoclonal antibody targeting the CD20 antigen, and responsible for B cells depletion, is typically not used as initial induction therapy. This conclusion is based on a randomized trial participating 144 patients, where participants with class III or class IV LN receiving MMF plus corticosteroids, were randomly assigned to either rituximab (1,000 mg) or placebo. The trial concludes that no difference in rates of complete or partial response was detected between these groups (29).

Calcineurin inhibitors (CNI) alter immunity by affecting T cell function and also act as anti-proteinuric agents. Therefore, CNIs have been used in autoimmune kidney diseases with proteinuria such as LN. A series of trials, where the reduction of proteinuria was significantly higher in patients treated with regiment including CNI on top of standard therapy, established the use of tacrolimus as part of a triple regimen, widely known as “multitarget” (30). However, these data are limited and unable to establish the use of CNIs as initial therapy in all patients with severe LN. Only in patients who are unable to receive cyclophosphamide or MMF, or in case of pregnancy, tacrolimus may have a role in combination with glucocorticoids and azathioprine (31, 32). Besides, tacrolimus and CNIs in general are characterized by a narrow therapeutic range, need for frequent checking of drug levels, and their long-term use can lead to kidney injury and metabolic alternations. Voclosporin is a new entry, novel CNI, which does not require drug level monitoring and seems to lack many of the others CNIs adverse effects. Its efficacy and safety in active LN were evaluated in a phase III, randomized controlled multicenter trial participating 357 patients in which participants were randomized to receive voclosporin (23.7 mg twice daily) or placebo for a duration of 52 weeks, on top of MMF (2 g daily) and gradually tapered low-dose corticosteroids. At 52 weeks, higher rates of complete renal response (41% vs 23% odds ratio 2.65, 95% CI 1.64–4.27) were observed in Vocloporin group compared with placebo. Although the favorable side effect profile of voclosporin, hypertension and drug–drug interactions still occur (33). High cost of voclosporin is also a consideration, especially in limited resource settings (34). In United States voclosporin is Food and Drug Administration approved for the treatment of LN on top of MMF and glucocorticoids. However, in the new 2024 KDIGO guidelines for LN, initial therapy which includes a CNI (voclosporin, tacrolimus, or cyclosporine) on top of standard immunosuppressive therapy, may be indicated only in patients with an estimated glomerular filtration rate, (eGFR) > 45 ml/min/1.73 m2) and nephrotic range proteinuria and in patients, who have difficulties to tolerate standard-dose mycophenolic acid or are not suitable for cyclophosphamide-based regimens (19).

In the last years an immunosuppressive agent, belimumab, has arisen and it will potentially influence the initial phase of LN treatment. Belimumab is a IgG1-lambda monoclonal antibody which blocks the connection of soluble human B lymphocyte stimulator protein with receptors on B lymphocyte, resulting the apoptosis of B lymphocytes, which finally leads to the decrease of the autoimmune response. In a clinical trial participating patients with active LN, the addition of belimumab on top of induction therapy led to statistically significant better renal response compared to those patients who received standard therapy alone (35). In a post hoc subgroup analysis of this trial a greater proportion of patients achieved a primary efficacy renal response with belimumab versus placebo in the newly diagnosed [46.6% versus 37.2%, odds ratio 1.36 (95% CI 0.85–2.20)] and relapsed [36.0% versus 22.7%; odds ratio 2.31 (95% CI 1.07–5.01)] subgroups. Similarly, for complete renal remission [newly diagnosed: 33.8% versus 24.3%; odds ratio 1.49 (95% CI 0.88–2.51) and relapsed: [22.7% versus 10.7%; odds ratio 3.11 (95% CI 1.16–8.31)] (36). Another post-hoc analysis found that the higher rate of complete response with belimumab on top of standard therapy was limited to individuals with lower proteinuria (baseline urine PCR <3 g/g), while black race patients appear to have lower response rates (37). As a result, a triple immunosuppressive regimen including the standard of care plus belimumab is suggested for induction therapy in patients at high risk to progress to ESKD, although long term data to support this notion are lacking (19).

Recently, obinutuzumab, a new generation anti-CD20 monoclonal antibody, was tested as combinatory regiment for LN in the ongoing phase III REGENCY trial after the results of the phase II NOBILITY. In both trials, obinutuzumab was given at baseline and after six months of treatment. NOBILITY showed that in adult patients with active proliferative LN the addition of obinutuzumab on top of standard therapy with MPAAs and glucocorticoids resulted in higher complete renal response rates compared to placebo, while rates of serious adverse events did not differ between the Obinutuzumab and control group (38).

Furthermore, anifrolumab, a human monoclonal antibody against the type I interferon receptor, was approved for active extra-renal SLE after completion of trials, which however excluded active LN (39). Anifrolumab has been tested in a phase 2 clinical trial where 147 participants were randomized into three groups (anifrolumab 300 mg, anifrolumab 900 mg, or placebo) on top of MMF standard-of-care therapy. In this trial patients on anifrolumab appeared to have a higher renal response rate (45.5% vs. 31.1%) (40), which lead to the ongoing phase III trial testing anifrolumab as an add-on to standard immunosuppression on patients with biopsy-proven LN.





Management of resistant disease

The use of alternative therapy is suggested for patients with focal or diffuse LN, who show resistance to initial therapy. Patients who do not respond to cyclophosphamide are switched to MMF and vice versa. Although the lack of randomized trials, the use of rituximab to patients with resistant LN has showed favorable results in observational studies (41, 42). In a meta-analysis of 223 patients with refractory LN, response rates for partial and complete response was 27% and 51% respectively (43). Thus, KDIGO suggests the addition of rituximab or other biologic therapies i.e. belimumab, extended course of iv cyclophosphamide or enrollment in clinical trials when is feasible (19).





Maintenance therapy

After induction therapy, the next phase of LN treatment is aiming to prevent relapse. The length of maintenance therapy is 3 to 5 years and ideally it consists of 2gr MMF daily in two divided doses (23). According to the ALMS maintenance trial, MMF has shown better results than azathioprine in relapse prevention in patients with LN (44). However, azathioprine is still suggested for patients who seek pregnancy, or for patients who are incapable to tolerate MMF, in a dose of 2mg/kg per day (max dose 200mg/day) Oral prednisolone in a low dose of 0,05-0,2 mg/kg is continued in maintenance therapy in most cases and discontinuation should be considered only in patients who have maintained a complete renal response for more than 12 months (19). Patients who receive a triple immunosuppression regiment, which includes belimumab or CNI, can continue it in maintenance. However, in a study, where tacrolimus as subsequent therapy was tested, rates of relapse, serum creatinine and eGFR did not differ significantly between patients on tacrolimus and the control group (45).





Treatment of relapse

After a relapse, we suggest treating patients with the same immunosuppressive regimen that led to the remission at the initial phase of the disease. There are special concerns about cumulative cyclophosphamide dose in patients with frequent relapses or about infertility of young patients which may lead to the selection of the alternative of MMF (23, 24). The use of rituximab as induction therapy in relapses is lacking of randomized trials, although observational studies and case reports have shown favorable results (46, 47).

As far as belimumab is concerned, in a post hoc subgroup analysis of the BLISS-LN trial, a greater proportion of relapsing patients achieved a primary efficacy renal response with belimumab versus placebo and a complete renal remission. Moreover, kidney-related events or LN flares were significantly fewer in belimumab group versus placebo group (36). As a result, a triple immunosuppressive regimen including belimumab is clearly suggested for patients with repeated kidney flares (19).






Class V (lupus membranous nephropathy)

Most of the patients with this histopathological class manifest nephrotic syndrome or nephrotic range proteinuria. The treatment of lupus patients with nephrotic syndrome due to lupus membranous nephropathy should involve immunosuppressive therapy. The deterioration of renal function or the preservation of nephrotic range proteinuria after the administration and titration of renin-angiotensin system blockers are also indications for immunosuppression. Decisions on treating with immunosuppressive medications patients with non-nephrotic proteinuria >1 g/24h need to be individualized, after considering the risk associated with the deterioration of the of kidney disease and the risks of treatment (19).

The general scheme of treatment consists of glucocorticoids in addition to MMF or cyclophosphamide or CNI or rituximab. Among the aforementioned treatments has been observed similar efficacy, although it has been shown that the treatment with MMF is likely to have a better safety profile, and the other options are preserved for patients who do not tolerate MMF or have contraindications. Calcineurin inhibitors, i.e., cyclosporine or tacrolimus, should be administrated with caution to patients with impaired renal function taking into consideration the potential for nephrotoxicity. KDIGO and the EULAR guidelines state that, MMF is the indicated first line treatment in these patients; the dose of MMF and cyclophosphamide is identical as for the treatment of LN class III and class IV. In cases where MMF is found to be not an effective treatment, intravenous cyclophosphamide may be administrated to induce long-term remission (28). As it happens to patients with primary membranous nephropathy, cyclophosphamide regimens are related with lower relapses rates (48).

Other alternative treatments include CNIs or rituximab, especially in patients who have already received high cumulative doses of cyclophosphamide or fulfill other contraindications (49). Cyclosporine, when administrated, has an initial dose scheme at 3-5 mg/kg/d in two divided doses and tacrolimus at 0,05-0,1mg/kg/d in two divided doses. Whole blood measurement is required for cyclosporine or tacrolimus levels and is necessary to be taken throughout this therapy. The expected range of results for cyclosporin is 100-200 ng/ml for C1 (cyclosporin levels before receiving the dose) and 600-800 ng/ml for C2 (cyclosporine levels 2 hours after receiving the dose), while for tacrolimus the expected range is 4-6 ng/ml, before receiving it (trough levels). Voclosporin has been also used in patients affected by lupus membranous nephropathy (LMN) in combination with MMF and glucocorticoids in AURORA 1 study. A subgroup analysis showed a trend of improved renal outcome in the small group of patients with pure LMN taking voclosporin, although not statistically significant (33). The main advantage with voclosporin, which is administrated in a dose of 23.7 mg twice daily, is that monitoring of blood levels is not required.

Although belimumab is an approved treatment for LN, due to limited experience and lack of long-term data is not yet a well-established approach when treating LMN. The efficacy of belimumab when combined with standard therapy in patients with LMN has been tested in BLISS-LN trial, which included a limited number of patients with LMN (72 patients with pure LMN and 116 with concurrent focal or diffuse LN plus LMN) (35). Patients with histopathological findings of concurrent LMN and Class III or Class IV of LN are treated with a similar approach as implemented for the patients with Class III or Class IV LN alone (24).





Class VI (advanced sclerosing lupus nephritis)

Class VI LN is related to global sclerosis of a percentage greater than 90% of glomeruli. It has been observed that immunosuppressive therapy might not be effective to treat these patients and it is likely to result in adverse effects. Because of that observation, these patients should be treated as CKD, with monitoring and control of blood pressure levels and other comorbidities to decrease proteinuria and prepare for kidney replacement therapy when needed.






General measures

As part of the holistic treatment of patients with LN, general supportive measures are significant as are when treating patients with glomerulonephritis. These measures include dietary restrictions as for example salt intake to <5 g/day and protein intake <0,8g/kg/day for patients with CKD levels eGFR<60 ml/min/1,73m2. This dietary recommendation is advised to be combined with a lifestyle approach that includes among others normal physical activity, optimal body weight and smoking cessation. The pharmaceutical approach involves using angiotensin-converting-enzyme inhibitors or alternatively angiotensin receptor blockers which should be administrated to the maximally tolerated daily dose. These interventions aim to minimize proteinuria and concomitantly control blood pressure levels (<120-130/80mmHg). It also involves treating hyperlipidemia using statins when required and providing thrombosis prophylaxis for patients with hypoalbuminemia as well as trimethoprim/sulfamethoxazole or Atovaquone as prophylaxis for pneumocystis jirovecii pneumonia. Finally, special care should be paid to minimize bone loss and prevent osteoporosis as a result of the glucocorticoid treatment and to the avoidance of superimposing kidney injury/drug nephrotoxicity (50). Data from a clinical trial testing finerenone in non-diabetic CKD patients, on top of standard treatment are also pending to prove if finerenone plus renin angiotensin system inhibitors slow the progression of CKD and decrease cardiovascular events, as it is already established for patients with diabetic kidney disease (51).




SGLT2 inhibitors

Except for renin angiotensin system inhibitors, the pharmaceutical intervention with sodium-glucose co-transporter-2 (SGLT2) inhibitors has shown SLE-nonspecific effects by altering LN progression affecting non-immune mechanisms. Yet, SGLT2 inhibitors have already established benefits in slowing the progression of CKD and contribute in cardiovascular protection in addition to the standard renin angiotensin system blockade in non-diabetic CKD patients (52, 53). Post hoc studies have shown this effect in both IgA nephropathy and podocytopathies (54, 55). Patients with LN and antineutrophil cytoplasmic autoantibodies-associated vasculitis were included in the EMPA-Kidney trial, which compared the SGLT2 inhibitor empagliflozin vs placebo, but the results from this dedicated subgroup of patients are not yet published. The findings of a randomized controlled trial suggest 7.4 more years of survival free of kidney failure with the combination of renin angiotensin system inhibitors and SGLT2 inhibitors in patients with albuminuric CKD without diabetes (56). With these pharmaceutical interventions an additional and beneficial diuretic impact on nephrotic syndrome might be expected. Thus, when they are used on top of standard diuretic therapy, careful monitoring for hypovolemia is needed.






Patients with ESKD and kidney transplantation

As referred above, a percentage of 10-30% of patients diagnosed with LN progress to ESKD. The treatment of patients who end up in ESKD can be approached with either kidney transplantation or hemodialysis/peritoneal dialysis.

Among the treatments mentioned above, kidney transplantation remains by far the ideal modality, as it has been shown that kidney transplantation has the optimum prognosis and thus it is preferred when compared to hemodialysis or peritoneal dialysis (57). New evidence suggests that in case there are no extrarenal manifestations contraindicated surgery, a preemptive transplantation is also recommended to be performed (58, 59).

Analyzing the United Network for Organ Sharing files has shown that the recurrence rate of LN at the kidney graft concerned the 2,4% of cases (60). The histopathologic image is milder possibly due to ongoing immunosuppression and most patients do not even require changing their antirejection immunosuppression regiment. There no evidence that the presence of serologic disease activity at the time of transplantation is correlated with transplant outcome or disease recurrence (61). On the other hand, all patients with SLE should be controlled for the presence of antiphospholipid antibodies before transplantation. This is because the presence of antiphospholipid antibodies has been associated with increased risk for thrombotic events, including the thrombotic microangiopathy in the allograft (62).

The survival rates and mortality among SLE patients on hemodialysis or on peritoneal dialysis are not shown to have any difference (63).. Chronic hemodialysis in patients with SLE has been associated with decreased clinical and serologic lupus activity (64).





Discussion

As seen above, although the medical community has made a lot of efforts to improve the prognosis of LN, approximately 10-30% of patients, the majority of them being relatively young, will eventually progress to ESKD, a percentage which is inappropriately high. Hence, the need to improve the outcomes has not been met. The introduction of the above-mentioned new agents has unquestionably opened new roads and new therapeutic possibilities. The added effect of the combined regimens has increased renal remission rates at a proportion of 10-20%, as seen from the recent belimumab and voclosporin studies (33, 35). However, clinicians managing patients with LN always consider the fragility of this population, most of them being women at reproductive age, who can certainly benefit from years free of ESKD. Another point is that a lot of patients will achieve the renal goals of remission without the use of combination therapies and thus selection criteria are required in order to avoid overtreatment. The problem is that there are no specific biomarkers to predict outcomes and/or express the underlying immunologic activity. One approach could be the one reported by Mejia-Vilet et al. who proposed patient stratification by waiting the first 3 months of standard therapy and by accessing then the level of proteinuria. If proteinuria is not reduced beyond 25%, they propose the addition of belimumab or voclosporin (65). In regard to refractory or relapsing LN the use of combination therapy is almost mandatory. The high cost of the new medications should be considered in the context of the fact that the cost of lifelong dialysis is definitely higher, while the quality of life is dramatically decreasing in the setting of ESKD. As always, national authorities and regulatory mechanisms must prioritize the medical needs, but in this case the comparison with the financial burdens of dialysis obviously favors the former.
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