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Lupus nephritis (LN) is one of the most frequent and severe organ manifestations of systemic lupus erythematosus (SLE) that is a chronic autoimmune disease. Despite improvement in patient and renal prognosis, the disease continued to be associated with a high rate of end stage kidney disease. Along the last decades, it seems that the epidemiology of LN and its clinical presentation have progressively changed. The forms with renal insufficiency at presentation seem to have progressively reduced in developed countries in favour of more mild clinical presentations with urinary abnormalities only. To this clinical change does not correspond a less severe histological lesions, in fact, the extent of active lesions at kidney biopsy are unchanged, whereas chronic lesions are becoming less frequent and less severe. Meanwhile, new types of severe LN defined by the variable association of demographic, clinical, histological characteristics at diagnosis or during the follow-up are gradually emerging and require attention in assessing the therapy and prognosis.

During the last years, randomized controlled trials have reported the efficacy of new drugs in association with standard therapy to improve the rate of short- and medium-term renal response. One of the advantages is that these results were obtained with reduced dosage of corticosteroids whose protracted use is associated with increase of chronic organ damage. Optimization of therapeutical strategies, tailored on the demographic clinical and histological characteristics, with combination of old and new drugs are urgently needed for severe LN.
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Introduction

Despite progressive improvement in renal prognosis (1, 2), proliferative lupus nephritis (LN) is still associated with a 6-fold increase in mortality compared with the general population (3). Around 10% of patients develop end-stage kidney disease (ESKD) within 5 years from the diagnosis (4). Therefore, a prompt clinical and histological identification of LN patients at risk of progression and appropriate treatment in the initial and maintenance phases of the disease are critical to improve the outcome of patients with severe forms of LN. In this paper, we will review the clinical and therapeutic approaches to “severe LN”, mainly based on the last European League Against Rheumatism and European Renal Association-European Dialysis and Transplant Association (EULAR/EDTA) recommendations (5) and recent randomized controlled trials.



What is severe lupus nephritis?

The term severe LN may be used to indicate the absent or the incomplete response to first-line conventional therapy with corticosteroids and immunosuppressive agents. However, LN can also be defined “severe” in the presence of clinical, histological, and/or demographic features that can predict a poor outcome, at diagnosis or during the disease course.

Clinically, increased levels of serum creatinine, high grade proteinuria, and active urine sediment are important prognostic signs of progressive and severe forms of LN (6). The occurrence of renal flares along the course of the disease is another predictor of poor kidney prognosis (7, 8).

Histologically, six classes of glomerular lesions have been defined in LN at kidney biopsy (9). Of them, class III (focal proliferative lupus nephritis), class IV (diffuse proliferative LN), and class III or IV plus class V are considered the most severe forms (10). Chronicity index can further contribute to define the possible outcome. The presence of tubulo-interstitial injury, glomerular sclerosis or fibrous crescents at basal kidney biopsy is a strong predictor of kidney function impairment (11, 12).

Apart from glomerular classification, other rare histologic forms may lead to severe LN, including vascular lesions in patients with antiphospholipid syndrome and thrombotic microangiopathy (TMA). In patients with antiphospholipid antibodies (aPL), glomerular and vascular lesions over-imposed to those of LN can be present and may lead to severe acute kidney injury (AKI) or chronic irreversible lesions (13–15). However, in a recent prospective cohort of 64 patients with biopsy-proven LN, aPL was associated with renal dysfunction in the short-term but had no deleterious effect on long-term renal survival (16). TMA is characterized clinically by thrombocytopenia and microangiopathic hemolytic anemia. It is an uncommon pathological finding in LN, with a prevalence below 10% (17). The characteristic vascular lesions consist in endothelial cells swelling with narrowing of vascular lumen and formation of thrombi. Renal TMA in LN is more frequent in patients with aPL antibodies, thrombotic thrombocytopenic purpura, malignant hypertension, or presence of anti-Ro antibodies (18). Complement activation by classical or alternative pathways plays a key role in the pathogenesis of secondary TMA (19). Whatever the cause, TMA in LN is associated with severe clinical presentation and bad long-term renal prognosis (20).

Among the demographic characteristics male gender, young age, non-Caucasian/Asian ethnicity, and poverty may be associated with more frequent and severe LN. Males account for 4% to 22% of SLE patients, with 30% in studies on familial aggregation (21). The incidence of males with LN seems to be increased in the last decades (2). Some investigators reported that males have more severe disease, showing more frequent clinical presentation with nephrotic syndrome or renal dysfunction, higher renal activity index at kidney biopsy, and more frequent progression to renal failure (22–26). Other studies demonstrated that appropriate therapy allows a benign course in males with LN (27). A review of 16 studies, reported that 6 studies pointed to an increase in incidence of LN in males, 9 studies demonstrated no disparity in gender, and one study showed contradicting results. In addition, 4 studies pointed that male had a more severe renal outcome as revealed by laboratory tests. However, the risk of dialysis and remission were similar between both genders. Young age is another predisposing factor of LN development in SLE (4) and it is associated with more severe presentation and outcome (28–30). In comparison with adults, juvenile-onset SLE has more frequently severe clinical manifestations of LN, a higher risk of flares, organ damage and higher mortality rates (31, 32). A poor adherence to therapy is frequent in children and adolescents with LN and can contribute to unpredictable flares and high levels of morbidity and mortality (33, 34). Ethnicity has a relative impact on the outcome of the patients and their response to treatment, but it needs to be taken into consideration in treatment decisions. SLE is more common and it is associated with a higher level of disease activity and poorer outcomes in Black, Hispanic and Asian patients (35). The severe lupus phenotype in those populations can be explained by increased autoantibody reactivity, higher frequency of arterial hypertension, and the genetic risk burden. Ethnicity remains a key determinant of poor SLE outcome, including, flares, ESKD and mortality, even after adjustment for socio-economic factors (36, 37). Low socio-economic status and poverty are associated with frequent flares, poor quality of life and increased morbidity and mortality in patients with SLE (38–40). Altogether, young age at onset(<30years), male sex, African-American ethnicity, and delayed treatment initiation are the main factors associated with the risk of renal relapses in a population-based study on SLE patients enrolled between 2000 and 2015 in the United States. The leading causes of death were the young age in women, (mainly between 15–24years) and the African-American and Hispanic origin (41).



Standard treatment of severe lupus nephritis

Increased awareness of severe forms of LN can help to improve the treatment and outcome. According to the Joint EULAR/ERA-EDTA, patients with class III or IV LN and high activity index should start therapy with three intravenous (iv) methylprednisolone pulses (MPP) and an immunosuppressive agent, mycophenolate mofetil (MMF) or cyclophosphamide (CYC). After MPP, patients should receive oral prednisone at progressive lower dosage (5). The Aspreva Lupus Management Study (ALMS) demonstrated that 3 g of MMF and monthly iv CYC pulses have the same efficacy and similar side effects in Caucasians and in Asian patients while in “other ethnicities”, including African-Americans and Hispanics participants, MMF was significantly more effective than CYC (42). After these results, MMF became the drug of choice in LN patients with these ethnicities. However, in the ALMS, only half of patients achieved response at six months, defined as ≥50% reduction of proteinuria and stabilization of renal function (43).

For severe nephrotic syndrome, the recent EULAR/EDTA recommendations suggest the combination of glucocorticoids with 1-2 g/day of MMF and a calcineurin inhibitor (CNI), preferably tacrolimus [5]. This association of drugs, called multitarget therapy, demonstrated a significant higher rate of response at six months than high monthly dose of iv CYC, in a Chinese study (44). The efficacy of CNI in reducing proteinuria is well known and is due to two different mechanisms: the vasoconstriction of the afferent arteriolas leading to reduced GFR and reduced urine protein excretion, and the stabilization of podocyte cytoskeleton (45, 46). However, CNI are not easy to handle and may be responsible of important side effects including hypertension, diabetes, and nephrotoxicity.

The rare cases of AKI with normal glomeruli at light microscopy that can develop during lupus podocytopathy, usually respond well to corticosteroids and immunosuppressive agents but may show a high rate of relapses. Instead, in case of AKI and focal segmental glomerulosclerosis(FSGS) the response to therapy is worse with a low rate of complete remission (47). Collapsing variants of FSGS in LN, with poor response to aggressive therapy have been reported (48).

Until few years ago patients with Lupus TMA were treated with plasma infusions or plasmapheresis. This treatment reduced the mortality in comparison with patients who did not receive these treatments, but many patients did not respond to this therapy (49). Eculizumab, a recombinant, fully humanized IgG2/IgG4 monoclonal antibody that inhibits C5activation, proved to be a very efficacious therapy in lupus TMA (50).



New treatments for severe lupus nephritis

New drugs have been tested to increase the rate of response, diminish the risks of flares, and reduce the doses and side effects of corticosteroids and CNI (Table 1).


Table 1 | Results of recent randomized controlled trials in Lupus nephritis.



The long-term use of glucocorticoids may increase the risk of obesity, glucose intolerance, hypertension, dyslipidaemia, and other atherogenic factors, with consequent elevated cardiovascular morbidity and mortality (55–58). In addition, glucocorticoids are among the most important determinants of chronic damage development in LN (59–62). A multivariate analysis on 187 biopsy-proven LN patients followed for around 18 years showed that an average prednisone dosage>5mg/day evaluated along the whole follow-up was one of the independent predictors of the first increase in the Systemic Lupus International Collaborating Clinics American College of Rheumatology Damage index(LICC/ACR DI) (63). Belimumab, a recombinant human IgG-1λ monoclonal antibody that inhibits B-cell activating factor, can increase the rate of response in SLE, decrease the rate of flares, and reduce the corticosteroid dosage (64). In a phase III randomized controlled study, participants were assigned to receive standard therapy (corticosteroids and 3g MMF or low-dose ivCYC) plus placebo or standard therapy plus Belimumab 10mg/kg administered intravenously once a month for two years. At the end of the follow-up, more patients in the belimumab group than in the placebo group had a primary efficacy renal response (43%vs.32%;P=0.03) and a complete renal response (30%vs.20%;P=0.02). The results were even better when belimumab was associated with MMF in class III and in Class IV LN in comparison to mixed and membranous forms and in non-black patients. The risk of a renal-related events or death was lower with belimumab than placebo (hazard ratio, 0.51;P=0.001). At the last observation (104 months) a significantly higher number of patients in belimumab were in treatment with ≤5mg prednisone. No difference with placebo was reported in side effects (65). A secondary analysis of this study demonstrated that belimumab significantly reduced the risk of renal flares and attenuated the annual rate of estimated glomerular filtration rate (eGFR) decline (54). On the other hand, response was significantly more frequent when urine protein/creatinine ratio was <3g/g than when proteinuria was higher. These results suggest that adding belimumab to standard initial therapy in severe LN not only can improve the response but may also reduce renal flares and the corticosteroids dosage. Based on these results, belimumab in association with MMF can be added to induction therapy in active class IV LN, in patients with history of renal relapses and in those who require a reduction/withdrawal of corticosteroids.

Recently, in a phase III randomized controlled trial a new CNI, voclosporin, employed at the dosage of 23,7g twice a day, in association with 2g of MMF and glucocorticoids, demonstrated the superiority at six and at 12 months in comparison to placebo plus MMF and glucocorticoids in inducing complete or partial remission of LN. Of interest, these results were obtained with very low dosage of corticosteroids; 20-25mg/day of prednisone at the start of the study rapidly reduced to 2.5 mg/day at week 12. Instead, no changes from baseline in immunological parameters (serum levels of C3, C4, anti dsDNA antibodies) were observed. The results were less good in Caucasians than in other ethnicities and in membranous than proliferative LN. Serious side effects, mainly pneumonia, were similar in the two groups (66). Voclosporin is reported to be more potent than cyclosporin in vitro, with a more stable pharmacodynamic and pharmacokinetic that avoids the need of blood monitoring; the lipid and glucose metabolic profiles have been reported to be better than those observed with the old formula of cyclosporine (53). No change in GFR after 52 weeks was demonstrated in the two groups. However, patients with an eGFR ≤ 45mL/min/per1,73m² at screening were excluded from the study. The potential nephrotoxicity of CNI is well known. To verify the superiority of voclosporin over other CNIs in LN a randomized trial should compare the efficacy of voclosporin vs low- dose cyclosporine or tacrolimus. Long term data and the identification of eGFR cut-off for voclosporin contraindication are necessary (67, 68). Waiting for these results, the combination of CNI, and low dose MMF and low dose corticosteroids can be helpful in patients with active proliferative LN and severe proteinuria, with the aim to induce a rapid resolution of proteinuria particularly if kidney function is normal, good control of arterial hypertension, and low chronicity index at kidney biopsy (69). Similarly, voclosporin can be started in association with MMF and with low dose corticosteroids in active proliferative LN particularly in presence of severe nephrotic syndrome. Although it seems not necessary to check the blood levels of voclosporin, renal function monitoring is necessary particularly during the first months of therapy to modulate the dosage of the drug.



Severe LN based on severe clinical/histological presentations

Although presentation with nephritic syndrome or with rapidly progressive renal insufficiency seem to have progressively reduced during the last forty years at least in developed countries (2), kidney dysfunction at presentation is an important predictor of CKD (70). Even if discrepancies between clinical and histological presentations exist, impaired kidney function at presentation is usually associated with the presence of cellular crescents, tuft fibrinoid necrosis and/or severe diffuse interstitial infiltrations at kidney biopsy (11, 71). In these cases, the complete response to therapy is difficult to achieve and renal prognosis is poor. In our personal experience of 213 biopsies proven LN patients followed for around 10 years, those with eGFR<60ml/min/per1,73 m² at time of renal biopsy developed a significantly higher rate of ESKD (17.6%) than those presenting with eGFR ≥60mil/min/per 1,73 m² (2.7%, P=0.001) (Table 2). Whether MMF and CYC are equally effective in treating the severe forms of LN is an open question. Before the advent of MMF, many units used monthly administration of high doses of iv CYC, as suggested by the results of randomized, controlled, trials in which a large percentage of patients with severe LN were included (72, 73). More recently, LN patients at high risk were excluded from clinical trials or were included in very low percentage. However, a sub analysis of the Aspreva study included patients with an eGFR<30 ml/min at randomization treated with either high-dose iv CYC (12 patients) or 3gMMF (20 patients). At the start of that study there were no significant differences in the clinical characteristics between the two groups. Scarring at kidney biopsy were present in 42% of patients in the CYC group and in 35% of MMF group. The difference was not significant but the score of chronicity index in the two groups was not reported, although chronicity index is one of the best predictors of kidney function deterioration in the long-term (12). The more rapid response in MMF group was probably due to more active lesions in MMF than in CYC participants. At six months, no difference in the response was demonstrated between the two groups, but only few patients responded to treatment 16.7% in the CYC arm vs 20% in MMF (74). A pooled analysis reported the effects of CYC or MMF in all the published cases with impaired kidney function at presentation and/or crescents in more than 15% of glomeruli and fibrinoid necrosis. The two drugs appeared to be equally effective in inducing remission in the short term. Among 139 participants to this analysis, the average partial remission (48%MMF;51%CYC) and complete remissions (9%MMF;6%CYC) at 6 months were similar (75). However, in the maintenance phase, relapse rates and risk of developing ESKD were higher for MMF than for CYC (75–77). Looking at those rates of response it seems that neither CYC nor MMF can successfully manage patients with severe LN. In our experience, the induction therapy of severe forms consisted of three intravenous MPP (500-1000 mg/die) followed by oral prednisone 0.75-1 mg/kg/die for 2-4 weeks tapered to 10 mg/day, associated with oral cyclophosphamide (1.5-2 mg/kg/die) for at most 3 months. We checked every 7-10 days the number of white blood cells and adjusted the dosage of cyclophosphamide accordingly. One important point is the regular monitoring of the patients particularly during the first months. If renal function did not recover within two/three months a new course of methylprednisolone pulses, or, more recently, a rituximab infusion of 1g was added. In case of worsen of renal function, a repeat kidney biopsy can be of help to exclude over-imposed TMA.


Table 2 | Rate of ESKD and death in patients with Lupus Nephritis with eGFR < or ≥ 60/mil/min at kidney biopsy.



It is possible, and even likely, that an add-on therapy with a novel agent may be helpful, especially in presence of low chronicity index.

Many hopes rest on the efficacy of Rituximab (RTX) a chimeric monoclonal antibody directed against CD20. The Explorer trial failed to show the superiority of RTX over placebo in lupus patients treated with azathioprine, mycophenolate mofetil, and methotrexate (78) and the Lunar trial showed that RTX therapy did not improve clinical outcomes of LN after 1 year of treatment (79). However, it is possible that the inclusion of patients with mild-moderate LN can have influenced the results, since most patients assigned to the control arm obtained a high rate of response with standard therapy, so obscuring the potential superiority of RTX. Despite these negative results of randomized, controlled trials, RTX continues to be used with success in refractory or frequently relapsing forms of LN (51, 80–82). Cases of good response of the association of CYC and RTX in severe and refractory LN have also been reported in literature (83, 84). In a study, 84 patients with severe and refractory LN were randomized to CYC or to the association of CYC+RTX. The response occurred in 83.3% of participants assigned to the combined therapy and in 57.1% of those assigned to CYC alone, the difference being significant. Proteinuria, serum C3 fractions and SLEDAI score were significantly improved in RTX group (85).

Obinotuzumab, a humanized type II anti-CD20 monoclonal antibody, demonstrated to be superior to RTX in the treatment of follicular lymphoma (86). Recently, Obinotuzumab at the dosage of 1g at day 1, at week 2, 24, and 26 in association with methylprednisolone pulses and 2-2.5 g of MMF was compared with placebo in a phase II randomized trials on 125 patients with proliferative LN. The primary end-point, complete renal response, was not achieved at week 52, despite a percentage difference of 12% in favor of Obinotuzumab. Instead, in an exploratory analysis conducted at week 104, complete renal response was reported in a significantly higher number of patients in Obinotuzumab (41%) in comparison to placebo (23%,P=0.026) (87). If these mid-term results will be confirmed by further studies, one can hope that this monoclonal antibody in association with standard therapy may improve the current results in severe forms of LN. A phase III randomized trial are under way. Among other drugs in study, anirolumab a monoclonal antibody against type I interferon is ongoing (52), a Janus-kinase inhibitor suppressing signals from multiple cytokines, and secukinumab a selective inhibitors of interleukins-17 are under way (88).



Conclusions

Despite progressive improvement in renal survival, lupus nephritis continues to be a disease with high risk of ESKD and death. The management of severe LN is a real challenge. It requires a careful clinical/histological assessment to predict the short-term and long-term outcomes, the choice of a treatment that may couple efficacy and safety, and a regular monitoring of patients by a dedicated team.

The simultaneous or alternate combination of time-honored and new promising drugs might allow to interfere with different pathogenetic mechanisms of the disease, achieve higher rate of complete and stable response, prevent flares, and reduce the dosage of corticosteroids. Further drugs for the treatment of LN are under investigation.



Author contributions

GM contributed to conception and design of the review and wrote the first draft of the manuscript. All authors contributed to manuscript revision, read, and approved the submitted version.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Tektonidou, MG, Dasgupta, A, and Ward, MM. Risk of end-stage renal disease in patients with lupus nephritis, 1971-2015: A systematic review and Bayesian meta-analysis. Arthritis Rheumatol (2016) 68(6):1432–41. doi: 10.1002/art.39594

2. Moroni, G, Vercelloni, PG, Quaglini, S, Gatto, M, Gianfreda, D, Sacchi, L, et al. Changing patterns in clinical-histological presentation and renal outcome over the last five decades in a cohort of 499 patients with lupus nephritis. Ann Rheum Dis (2018) 77(9):1318–25. doi: 10.1136/annrheumdis-2017-212732

3. Yap, DYH, Tang, CSO, Ma, MKM, Lam, MF, and Chan, TM. Survival analysis and causes of mortality in patients with lupus nephritis. Nephrol Dial Transplant (2012) 27(8):3248–54. doi: 10.1093/ndt/gfs073

4. Hanly, JG, O’Keeffe, AG, Su, L, Urowitz, MB, Romero-Diaz, J, Gordon, C, et al. The frequency and outcome of lupus nephritis: results from an international inception cohort study. Rheumatol (Oxford) (2016) 55(2):252–62. doi: 10.1093/rheumatology/kev311

5. Fanouriakis, A, Kostopoulou, M, Cheema, K, Anders, HJ, Aringer, M, Bajema, I, et al. 2019 Update of the joint European league against rheumatism and European renal association-European dialysis and transplant association (EULAR/ERA-EDTA) recommendations for the management of lupus nephritis. Ann Rheum Dis (2020) 79(6):713–23. doi: 10.1136/annrheumdis-2020-216924

6. Moroni, G, Quaglini, S, Gallelli, B, Banfi, G, Messa, P, and Ponticelli, C. The long-term outcome of 93 patients with proliferative lupus nephritis. Nephrol Dial Transplant (2007) 22(9):2531–9. doi: 10.1093/ndt/gfm245

7. Moroni, G, Quaglini, S, Maccario, M, Banfi, G, and Ponticelli, C. “Nephritic flares” are predictors of bad long-term renal outcome in lupus nephritis. Kidney Int (1996) 50(6):2047–53. doi: 10.1038/ki.1996.528

8. Parikh, SV, Nagaraja, HN, Hebert, L, and Rovin, BH. Renal flare as a predictor of incident and progressive CKD in patients with lupus nephritis. Clin J Am Soc Nephrol (2014) 9(2):279–84. doi: 10.2215/CJN.05040513

9. Weening, JJ, D’Agati, VD, Schwartz, MM, Seshan, SV, Alpers, CE, Appel, GB, et al. The classification of glomerulonephritis in systemic lupus erythematosus revisited. Kidney Int (2004) 65(2):521–30. doi: 10.1111/j.1523-1755.2004.00443.x

10. Hachiya, A, Karasawa, M, Imaizumi, T, Kato, N, Katsuno, T, Ishimoto, T, et al. The ISN/RPS 2016 classification predicts renal prognosis in patients with first-onset class III/IV lupus nephritis. Sci Rep (2021) 11(1):1525. doi: 10.1038/s41598-020-78972-1

11. Bajema, IM, Wilhelmus, S, Alpers, CE, Bruijn, JA, Colvin, RB, Cook, HT, et al. Revision of the international society of Nephrology/Renal pathology society classification for lupus nephritis: clarification of definitions, and modified national institutes of health activity and chronicity indices. Kidney Int (2018) 93(4):789–96. doi: 10.1016/j.kint.2017.11.023

12. Moroni, G, Porata, G, Raffiotta, F, Quaglini, S, Frontini, G, Sacchi, L, et al. Beyond ISN/RPS lupus nephritis classification: Adding chronicity index to clinical variables predicts kidney survival. Kidney 360 (2022) 3(1):122–32. doi: 10.34067/KID.0005512021

13. Miyakis, S, Lockshin, MD, Atsumi, T, Branch, DW, Brey, RL, Cervera, R, et al. International consensus statement on an update of the classification criteria for definite antiphospholipid syndrome (APS). J Thromb Haemost (2006) 4(2):295–306. doi: 10.1111/j.1538-7836.2006.01753.x

14. Gerhardsson, J, Sundelin, B, Zickert, A, Padyukov, L, Svenungsson, E, and Gunnarsson, I. Histological antiphospholipid-associated nephropathy versus lupus nephritis in patients with systemic lupus erythematosus: an observational cross-sectional study with longitudinal follow-up. Arthritis Res Ther (2015) 17:109. doi: 10.1186/s13075-015-0614-5

15. Moroni, G, Ventura, D, Riva, P, Panzeri, P, Quaglini, S, Banfi, G, et al. Antiphospholipid antibodies are associated with an increased risk for chronic renal insufficiency in patients with lupus nephritis. Am J Kidney Dis (2004) 43(1):28–36. doi: 10.1053/j.ajkd.2003.09.011

16. Parodis, I, Arnaud, L, Gerhardsson, J, Zickert, A, Sundelin, B, Malmström, V, et al. Antiphospholipid antibodies in lupus nephritis. PloS One (2016) 11(6):e0158076. doi: 10.1371/journal.pone.0158076

17. Bajema, IM, Chua, JS, and Bruijn, JA. TMA: Tell me about it! J Rheumatol (2019) 46(11):1425–7. doi: 10.3899/jrheum.190447

18. Barrera-Vargas, A, Rosado-Canto, R, Merayo-Chalico, J, Arreola-Guerra, JM, Mejía-Vilet, JM, Correa-Rotter, R, et al. Renal thrombotic microangiopathy in proliferative lupus nephritis: Risk factors and clinical outcomes: A case-control study. J Clin Rheumatol (2016) 22(5):235–40. doi: 10.1097/RHU.0000000000000425

19. Song, D, Wu, Lh, Wang, Fm, Yang, Xw, Zhu, D, Chen, M, et al. The spectrum of renal thrombotic microangiopathy in lupus nephritis. Arthritis Res Ther (2013) 15(1):R12. doi: 10.1186/ar4142

20. Li, C, Yap, DYH, Chan, G, Wen, YB, Li, H, Tang, C, et al. Clinical outcomes and clinico-pathological correlations in lupus nephritis with kidney biopsy showing thrombotic microangiopathy. J Rheumatol (2019) 46(11):1478–84. doi: 10.3899/jrheum.180773

21. Lu, LJ, Wallace, DJ, Ishimori, ML, Scofield, RH, and Weisman, MH. Review: Male systemic lupus erythematosus: a review of sex disparities in this disease. Lupus (2010) 19(2):119–29. doi: 10.1177/0961203309350755

22. Schwartzman-Morris, J, and Putterman, C. Gender differences in the pathogenesis and outcome of lupus and of lupus nephritis. Clin Dev Immunol (2012) 2012:604892. doi: 10.1155/2012/604892

23. de Carvalho, JF, do Nascimento, AP, Testagrossa, LA, Barros, RT, and Bonfá, E. Male Gender results in more severe lupus nephritis. Rheumatol Int (2010) 30(10):1311–5. doi: 10.1007/s00296-009-1151-9

24. Yacoub Wasef, SZ. Gender differences in systemic lupus erythematosus. Gend Med (2004) 1(1):12–7. doi: 10.1016/S1550-8579(04)80006-8

25. Urrestarazú, A, Otatti, G, Silvariño, R, Garau, M, Coitiño, R, Alvarez, A, et al. Lupus nephritis in males: Clinical features, course, and prognostic factors for end-stage renal disease. Kidney Int Rep (2017) 2(5):905–12. doi: 10.1016/j.ekir.2017.05.011

26. Riveros Frutos, A, Casas, I, Rúa-Figueroa, I, López-Longo, FJ, Calvo-Alén, J, Galindo, M, et al. Systemic lupus erythematosus in Spanish males: a study of the Spanish rheumatology society lupus registry (RELESSER) cohort. Lupus (2017) 26(7):698–706. doi: 10.1177/0961203316673728

27. Tateno, S, Hiki, Y, Hamaguchi, K, Tsuchida, H, Shigematsu, H, and Kobayashi, Y. Study of lupus nephritis in males. Q J Med (1991) 81(296):1031–9. doi: 10.1093/qjmed/81.3.1031

28. Sato, VAH, Marques, IDB, Goldenstein, PT, Carmo, LPF, Jorge, LB, Titan, SMO, et al. Lupus nephritis is more severe in children and adolescents than in older adults. Lupus (2012) 21(9):978–83. doi: 10.1177/0961203312443421

29. Levy, DM, and Kamphuis, S. Systemic lupus erythematosus in children and adolescents. Pediatr Clin North Am (2012) 59(2):345–64. doi: 10.1016/j.pcl.2012.03.007

30. Hersh, AO, Trupin, L, Yazdany, J, Panopalis, P, Julian, L, Katz, P, et al. Childhood-onset disease as a predictor of mortality in an adult cohort of patients with systemic lupus erythematosus. Arthritis Care Res (Hoboken) (2010) 62(8):1152–9. doi: 10.1002/acr.20179

31. Kamphuis, S, and Silverman, ED. Prevalence and burden of pediatric-onset systemic lupus erythematosus. Nat Rev Rheumatol (2010) 6(9):538–46. doi: 10.1038/nrrheum.2010.121

32. Arnaud, L, and Tektonidou, MG. Long-term outcomes in systemic lupus erythematosus: trends over time and major contributors. Rheumatology (2020) 59(Suppl5):v29–38. doi: 10.1093/rheumatology/keaa382

33. Chang, JC, Davis, AM, Klein-Gitelman, MS, Cidav, Z, Mandell, DS, and Knight, AM. Impact of psychiatric diagnosis and treatment on medication adherence in youth with systemic lupus erythematosus. Arthritis Care Res (Hoboken) (2021) 73(1):30–8. doi: 10.1002/acr.24450

34. Farinha, F, Freitas, F, Águeda, A, Cunha, I, and Barcelos, A. Concerns of patients with systemic lupus erythematosus and adherence to therapy - a qualitative study. Patient Prefer Adherence (2017) 11:1213–9. doi: 10.2147/PPA.S137544

35. Kabani, N, and Ginzler, EM. Is ethnicity linked to the severity of SLE manifestations? Nat Rev Rheumatol (2019) 15(9):515–6. doi: 10.1038/s41584-019-0271-1

36. Lewis, MJ, and Jawad, AS. The effect of ethnicity and genetic ancestry on the epidemiology, clinical features and outcome of systemic lupus erythematosus. Rheumatology (2017) 56(suppl_1):i67–77. doi: 10.1093/rheumatology/kew399

37. Almaani, S, Meara, A, and Rovin, BH. Update on lupus nephritis. Clin J Am Soc Nephrol (2017) 12(5):825–35. doi: 10.2215/CJN.05780616

38. DeQuattro, K, and Yelin, E. Socioeconomic status, health care, and outcomes in systemic lupus erythematosus. Rheum Dis Clin North Am (2020) 46(4):639–49. doi: 10.1016/j.rdc.2020.07.004

39. Yelin, E, Yazdany, J, and Trupin, L. Relationship between poverty and mortality in systemic lupus erythematosus. Arthritis Care Res (Hoboken) (2018) 70(7):1101–6. doi: 10.1002/acr.23428

40. Barber, MRW, and Clarke, AE. Socioeconomic consequences of systemic lupus erythematosus. Curr Opin Rheumatol (2017) 29(5):480–5. doi: 10.1097/BOR.0000000000000416

41. Yen, EY, and Singh, RR. Brief report: Lupus-an unrecognized leading cause of death in young females: A population-based study using nationwide death certificates, 2000-2015. Arthritis Rheumatol (2018) 70(8):1251–5. doi: 10.1002/art.40512

42. Appel, GB, Contreras, G, Dooley, MA, Ginzler, EM, Isenberg, D, Jayne, D, et al. Mycophenolate mofetil versus cyclophosphamide for induction treatment of lupus nephritis. J Am Soc Nephrol (2009) 20(5):1103–12. doi: 10.1681/ASN.2008101028

43. Isenberg, D, Appel, GB, Contreras, G, Dooley, MA, Ginzler, EM, Jayne, D, et al. Influence of race/ethnicity on response to lupus nephritis treatment: the ALMS study. Rheumatol (Oxford) (2010) 49(1):128–40. doi: 10.1093/rheumatology/kep346

44. Liu, Z, Zhang, H, Liu, Z, Xing, C, Fu, P, Ni, Z, et al. Multitarget therapy for induction treatment of lupus nephritis: a randomized trial. Ann Intern Med (2015) 162(1):18–26. doi: 10.7326/M14-1030

45. Faul, C, Donnelly, M, Merscher-Gomez, S, Chang, YH, Franz, S, Delfgaauw, J, et al. The actin cytoskeleton of kidney podocytes is a direct target of the antiproteinuric effect of cyclosporine a. Nat Med (2008) 14(9):931–8. doi: 10.1038/nm.1857

46. Liao, R, Liu, Q, Zheng, Z, Fan, J, Peng, W, Kong, Q, et al. Tacrolimus protects podocytes from injury in lupus nephritis partly by stabilizing the cytoskeleton and inhibiting podocyte apoptosis. PloS One (2015) 10(7):e0132724. doi: 10.1371/journal.pone.0132724

47. Hu, W, Chen, Y, Wang, S, Chen, H, Liu, Z, Zeng, C, et al. Clinical-morphological features and outcomes of lupus podocytopathy. Clin J Am Soc Nephrol (2016) 11(4):585–92. doi: 10.2215/CJN.06720615

48. Salvatore, SP, Barisoni, LMC, Herzenberg, AM, Chander, PN, Nickeleit, V, and Seshan, SV. Collapsing glomerulopathy in 19 patients with systemic lupus erythematosus or lupus-like disease. Clin J Am Soc Nephrol (2012) 7(6):914–25. doi: 10.2215/CJN.11751111

49. Nesher, G, Hanna, VE, Moore, TL, Hersh, M, and Osborn, TG. Thrombotic microangiographic hemolytic anemia in systemic lupus erythematosus. Semin Arthritis Rheumatol (1994) 24(3):165–72. doi: 10.1016/0049-0172(94)90072-8

50. Wright, RD, Bannerman, F, Beresford, MW, and Oni, L. A systematic review of the role of eculizumab in systemic lupus erythematosus-associated thrombotic microangiopathy. BMC Nephrol (2020) 21(1):245. doi: 10.1186/s12882-020-01888-5

51. Zhong, Z, Li, H, Zhong, H, and Zhou, T. Clinical efficacy and safety of rituximab in lupus nephritis. Drug Des Devel Ther (2019) 13:845–56. doi: 10.2147/DDDT.S195113

52. Jayne, D, Rovin, B, Mysler, EF, Furie, RA, Houssiau, FA, Trasieva, T, et al. Phase II randomised trial of type I interferon inhibitor anifrolumab in patients with active lupus nephritis. Ann Rheum Dis (2022) 81(4):496–506. doi: 10.1136/annrheumdis-2021-221478

53. Li, Y, Palmisano, M, Sun, D, and Zhou, S. Pharmacokinetic disposition difference between cyclosporine and voclosporin drives their distinct efficacy and safety profiles in clinical studies. Clin Pharmacol (2020) 12:83–96. doi: 10.2147/CPAA.S255789

54. Rovin, BH, Furie, R, Teng, YKO, Contreras, G, Malvar, A, Yu, X, et al. A secondary analysis of the belimumab international study in lupus nephritis trial examined effects of belimumab on kidney outcomes and preservation of kidney function in patients with lupus nephritis. Kidney Int (2022) 101(2):403–13. doi: 10.1016/j.kint.2021.08.027

55. Kostopoulou, M, Nikolopoulos, D, Parodis, I, and Bertsias, G. Cardiovascular disease in systemic lupus erythematosus: Recent data on epidemiology, risk factors and prevention. Curr Vasc Pharmacol (2020) 18(6):549–65. doi: 10.2174/1570161118666191227101636

56. Karp, I, Abrahamowicz, M, Fortin, PR, Pilote, L, Neville, C, Pineau, CA, et al. Recent corticosteroid use and recent disease activity: independent determinants of coronary heart disease risk factors in systemic lupus erythematosus? Arthritis Rheumatol (2008) 59(2):169–75. doi: 10.1002/art.23352

57. Sholter, DE, and Armstrong, PW. Adverse effects of corticosteroids on the cardiovascular system. Can J Cardiol (2000) 16(4):505–11.

58. Pujades-Rodriguez, M, Morgan, AW, Cubbon, RM, and Wu, J. Dose-dependent oral glucocorticoid cardiovascular risks in people with immune-mediated inflammatory diseases: A population-based cohort study. PloS Med (2020) 17(12):e1003432. doi: 10.1371/journal.pmed.1003432

59. Bruce, IN, O’Keeffe, AG, Farewell, V, Hanly, JG, Manzi, S, Su, L, et al. Factors associated with damage accrual in patients with systemic lupus erythematosus: results from the systemic lupus international collaborating clinics (SLICC) inception cohort. Ann Rheum Dis (2015) 74(9):1706–13. doi: 10.1136/annrheumdis-2013-205171

60. Urowitz, MB, Gladman, DD, Ibañez, D, Su, J, Mursleen, S, Sayani, A, et al. Effect of disease activity on organ damage progression in systemic lupus erythematosus: University of Toronto lupus clinic cohort. J Rheumatol (2021) 48(1):67–73. doi: 10.3899/jrheum.190259

61. Petri, M, Purvey, S, Fang, H, and Magder, LS. Predictors of organ damage in systemic lupus erythematosus: the Hopkins lupus cohort. Arthritis Rheumatol (2012) 64(12):4021–8. doi: 10.1002/art.34672

62. Prasad, R, Ibañez, D, Gladman, D, and Urowitz, M. Anti-dsDNA and anti-Sm antibodies do not predict damage in systemic lupus erythematosus. Lupus (2006) 15(5):285–91. doi: 10.1191/0961203306lu2302oa

63. Frontini, G, Tamborini, F, Porata, G, Regalia, A, Binda, V, and Moroni, G. Rate and predictors of chronic organ damage accrual in active lupus nephritis: a single centre experience over 18 years of observation. Clin Exp Rheumatol (2022) 40(5):872–81. doi: 10.55563/clinexprheumatol/ig0lu0

64. Wallace, DJ, Ginzler, EM, Merrill, JT, Furie, RA, Stohl, W, Chatham, WW, et al. Safety and efficacy of belimumab plus standard therapy for up to thirteen years in patients with systemic lupus erythematosus. Arthritis Rheumatol (2019) 71(7):1125–34. doi: 10.1002/art.40861

65. Furie, R, Rovin, BH, Houssiau, F, Malvar, A, Teng, YKO, Contreras, G, et al. Two-year, randomized, controlled trial of belimumab in lupus nephritis. N Engl J Med (2020) 383(12):1117–28. doi: 10.1056/NEJMoa2001180

66. Rovin, BH, Teng, YKO, Ginzler, EM, Arriens, C, Caster, DJ, Romero-Diaz, J, et al. Efficacy and safety of voclosporin versus placebo for lupus nephritis (AURORA 1): a double-blind, randomised, multicentre, placebo-controlled, phase 3 trial. Lancet (2021) 397(10289):2070–80. doi: 10.1016/S0140-6736(21)00578-X

67. Ponticelli, C, Reggiani, F, and Moroni, G. Old and new calcineurin inhibitors in lupus nephritis. J Clin Med (2021) 10(21):4832. doi: 10.3390/jcm10214832

68. Moroni, G, and Ponticelli, C. AURORA 1 reports efficacy of voclosporin in lupus nephritis. Nat Rev Nephrol (2021) 17(10):637–8. doi: 10.1038/s41581-021-00460-0

69. Moroni, G, Doria, A, and Ponticelli, C. Cyclosporine (CsA) in lupus nephritis: assessing the evidence. Nephrol Dial Transplant (2009) 24(1):15–20. doi: 10.1093/ndt/gfn565

70. Contreras, G, Pardo, V, Cely, C, Borja, E, Hurtado, A, de la Cuesta, C, et al. Factors associated with poor outcomes in patients with lupus nephritis. Lupus (2005) 14(11):890–5. doi: 10.1191/0961203305lu2238oa

71. Austin, HA, Boumpas, DT, Vaughan, EM, and Balow, JE. High-risk features of lupus nephritis: importance of race and clinical and histological factors in 166 patients. Nephrol Dial Transplant (1995) 10(9):1620–8.

72. Boumpas, DT, Austin, HA, Vaughn, EM, Klippel, JH, Steinberg, AD, Yarboro, CH, et al. Controlled trial of pulse methylprednisolone versus two regimens of pulse cyclophosphamide in severe lupus nephritis. Lancet (1992) 340(8822):741–5. doi: 10.1016/0140-6736(92)92292-N

73. Balow, JE, Boumpas, DT, Fessler, BJ, and Austin, HA. Management of lupus nephritis. Kidney Int Suppl (1996) 53:S88–92.

74. Walsh, M, Solomons, N, Lisk, L, and Jayne, DRW. Mycophenolate mofetil or intravenous cyclophosphamide for lupus nephritis with poor kidney function: a subgroup analysis of the aspreva lupus management study. Am J Kidney Dis (2013) 61(5):710–5. doi: 10.1053/j.ajkd.2012.11.042

75. Rovin, BH, Parikh, SV, Hebert, LA, Chan, TM, Mok, CC, Ginzler, EM, et al. Lupus nephritis: induction therapy in severe lupus nephritis–should MMF be considered the drug of choice? Clin J Am Soc Nephrol (2013) 8(1):147–53. doi: 10.2215/CJN.03290412

76. Dooley, MA, Jayne, D, Ginzler, EM, Isenberg, D, Olsen, NJ, Wofsy, D, et al. Mycophenolate versus azathioprine as maintenance therapy for lupus nephritis. N Engl J Med (2011) 365(20):1886–95. doi: 10.1056/NEJMoa1014460

77. Koo, HS, Kim, YC, Lee, SW, Kim, DK, Oh, KH, Joo, KW, et al. The effects of cyclophosphamide and mycophenolate on end-stage renal disease and death of lupus nephritis. Lupus (2011) 20(13):1442–9. doi: 10.1177/0961203311416034

78. Merrill, JT, Neuwelt, CM, Wallace, DJ, Shanahan, JC, Latinis, KM, Oates, JC, et al. Efficacy and safety of rituximab in moderately-to-severely active systemic lupus erythematosus: the randomized, double-blind, phase II/III systemic lupus erythematosus evaluation of rituximab trial. Arthritis Rheumatol (2010) 62(1):222–33. doi: 10.1002/art.27233

79. Rovin, BH, Furie, R, Latinis, K, Looney, RJ, Fervenza, FC, Sanchez-Guerrero, J, et al. Efficacy and safety of rituximab in patients with active proliferative lupus nephritis: the lupus nephritis assessment with rituximab study. Arthritis Rheumatol (2012) 64(4):1215–26. doi: 10.1002/art.34359

80. Weidenbusch, M, Römmele, C, Schröttle, A, and Anders, HJ. Beyond the LUNAR trial. efficacy of rituximab in refractory lupus nephritis. Nephrol Dial Transplant (2013) 28(1):106–11. doi: 10.1093/ndt/gfs285

81. Gunnarsson, I, and Jonsdottir, T. Rituximab treatment in lupus nephritis–where do we stand? Lupus (2013) 22(4):381–9. doi: 10.1177/0961203312471574

82. Zurita Gavilanes, L, and Costa Valarezo, A. Rituximab in lupus nephritis: A non-systematic review. Reumatol Clin (2016) 12(4):210–5. doi: 10.1016/j.reumae.2016.01.001

83. Roccatello, D, Sciascia, S, Baldovino, S, Rossi, D, Alpa, M, Naretto, C, et al. A 4-year observation in lupus nephritis patients treated with an intensified b-lymphocyte depletion without immunosuppressive maintenance treatment-clinical response compared to literature and immunological re-assessment. Autoimmun Rev (2015) 14(12):1123–30. doi: 10.1016/j.autrev.2015.07.017

84. Catapano, F, Chaudhry, AN, Jones, RB, Smith, KGC, and Jayne, DW. Long-term efficacy and safety of rituximab in refractory and relapsing systemic lupus erythematosus. Nephrol Dial Transplant (2010) 25(11):3586–92. doi: 10.1093/ndt/gfq256

85. Zhang, J, Zhao, Z, and Hu, X. Effect of rituximab on serum levels of anti-C1q and antineutrophil cytoplasmic autoantibodies in refractory severe lupus nephritis. Cell Biochem Biophys (2015) 72(1):197–201. doi: 10.1007/s12013-014-0437-z

86. Marcus, R, Davies, A, Ando, K, Klapper, W, Opat, S, Owen, C, et al. Obinutuzumab for the first-line treatment of follicular lymphoma. N Engl J Med (2017) 377(14):1331–44. doi: 10.1056/NEJMoa1614598

87. Furie, RA, Aroca, G, Cascino, MD, Garg, JP, Rovin, BH, Alvarez, A, et al. B-cell depletion with obinutuzumab for the treatment of proliferative lupus nephritis: a randomised, double-blind, placebo-controlled trial. Ann Rheum Dis (2022) 81(1):100–7. doi: 10.1136/annrheumdis-2021-220920

88. Gasparotto, M, Gatto, M, Binda, V, Doria, A, and Moroni, G. Lupus nephritis: clinical presentations and outcomes in the 21st century. Rheumatology (2020) 59(Suppl5):v39–51. doi: 10.1093/rheumatology/keaa381



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Moroni, Calatroni and Ponticelli. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fneph.2022.984613_cover.jpg
’frontiers | Frontiers in Nephrology






OEBPS/Images/logo.jpg
, frontiers ‘ Frontiers in Nephrology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Severe lupus nephritis in the present days

      

        		

          Introduction

        



        		

          What is severe lupus nephritis?

        



        		

          Standard treatment of severe lupus nephritis

        



        		

          New treatments for severe lupus nephritis

        



        		

          Severe LN based on severe clinical/histological presentations

        



        		

          Conclusions

        



        		

          Author contributions

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
RIAL

LUNAR
Rituximab

(51)

NOBILITY CRR
Obinotuzumab
(52)

NOBILITY ORR
Obinotuzumab
(52)

AURA III
Voclosporin
(53)

BLISS-LN
Belimumab
(54)

UPCR, urinary protein/creatinine ratio; creat, serum creatinine; RBC, red blood cells; eGFR, estimated glomerular filtration rate.

Criteria for response
Results at 1 year
UPCR <0.5, creat <15%,

<5 RBC

UPCR <0.5, creat <15%, <10 RBC
UPCR <0.5 creat <15%,
UPCR<0.5

eGFR 260ml/min

UPCR<0.7, eGFR <20% and>60ml/min

Study drug

34.9%

40%

40.8%

46.6%

Placebo

22.6%

18%

22.5%

35.4%

Ditterence

42%

12.3%

22%

18.5%

11%

Results

Failure

Failure

Success

Success

Success





OEBPS/Images/table2.jpg
Patients
eGFR ml/min
Proteinuria g/day

Histologic classes
/vv

Arterial hypertension
Activity index
Chronicity index
Follow-up years
ESKD

Deaths

Personal experience. eGER, estimated glomerular filtration rate; ESKD, end-stage kidney disease.

eGFR <60ml/min/

68
47.7 (28.1-50.4)
4 (1.9-55)
0/13/49/6

66.2%

8 (4.75-10)
2 (1-5)
107 (2.1-22.1)
17.6%
13.2%

eGFR=260ml/min/

145
101 (79-122)
2.9 (1.9-4.9)
2/33/66/44

42.1%
4(1-8)
1(0-3)
11-8 (4.2-20.1)
2.7%
4.1%

0.0001
0.30
0.0002

0.002
0.0001
0.0001

091
0.0001
0.02





