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Introduction: Pure membranous lupus nephritis (MLN) accounts for 10–20% of total cases of lupus nephritis and is generally associated with a better patient and renal survival compared to proliferative classes. Studies of MLN are limited by small sample size and heterogeneity of included populations since patients with pure MLN and those with mixed classes are usually examined together.

Aim of the Study: To describe clinical and laboratory characteristics of patients with pure MLN, therapeutic regimens, response to treatment, renal relapses, and their long-term renal survival and to define prognostic factors of remission and relapse.

Methods: We retrospectively studied an inception cohort of 27 patients with histologically proven pure MLN. Clinical, laboratory and therapeutical parameters were recorded at diagnosis, at different time points (3–6–9–12–18–24–36–72 months) during the course of the disease, at time of renal flare, and at last follow up visit.

Results: 48.1% (13/27) of patients were treated with mycophenolic acid (MPA), 29.6% (8/27) with cyclophosphamide (CYC), and 3.7% (1/27) with cyclosporine (all in combination with corticosteroids). Five patients (18.5%) did not receive any immunosuppressive treatment. Mean duration of treatment was 4.7 ± 2.3 years. Median time to complete remission was 9 months (IQR = 7) and median time to partial remission was 4 months (IQR = 4). No clinical or laboratory parameter was found to be significantly associated with time to remission. Time to remission was not significantly affected by either of the two treatment regimens (CYC and MPA) (p = 0.43). Renal flare was observed in 6 (22%) of the 27 patients in a median time of 51 months (IQR = 63). Proteinuria >1 g/24 h at 1 year significantly correlated with risk of flare (OR 20, p = 0.02). After a median follow up period of 77 months, all patients had an eGFR > 60 ml/min/1.73 m2 (mean eGFR 100 ± 32 ml/min/1.73 m2).

Conclusions: In a small cohort of patients with pure MLN, long-term renal survival was very good. With the limitation of the small sample size, we could not find any baseline clinical, biochemical or therapeutic factor that could predict time to remission. Proteinuria > 1 g/24 h at 1 year should be further examined in larger cohorts as a possible predictor of flare.
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INTRODUCTION

Renal involvement in systemic lupus erythematosus (SLE) may occur in 25–60% of patients during the course of the disease, and frequently at the time of first diagnosis of SLE (1–3). Lupus nephritis (LN) has long been considered as a major cause of morbidity and mortality in lupus patients (4).

Despite the knowledge gained in regard to the pathogenesis, clinical presentation and natural history of LN and the advances in treatment over the past decades, about 10–30% of LN patients will develop end stage renal disease (ESRD) (5, 6). Renal prognosis differs by race and ethnicity with African-Americans and Hispanics having worse renal outcomes than Asians and Caucasians (1–3). Lupus nephritis histological class is a major determinant of renal survival with up to 30% of patients with proliferative classes progressing to ESRD within 10 years compared to only 10% of those with membranous LN (7).

Pure membranous LN (MLN) accounts for 10–20% of total cases of LN and, although a better renal and patient prognosis compared to proliferative classes has been recognized, the risk of ESRD is not negligible ranging from 0 to 23% at 10 years in previous studies. Furthermore, MLN often presents with nephrotic syndrome which may be associated with thrombotic and infectious complications that negatively affect patients' morbidity and mortality (8–13).

Studies of membranous lupus nephritis (MLN) are often limited by the small samples, non- inception cohorts, the heterogeneity of examined populations and indirect evidence since composite data from pure MLN, and mixed MLN with proliferative classes are often presented. Also, there is limited evidence on prognostic factors of disease remission, relapse and long-term renal survival of patients with pure MLN and on optimal treatments.

The aim of the present study is: (a) to describe clinical and laboratory characteristics of patients with pure MLN, therapeutic approaches, response to treatment, and their long-term renal survival, and (b) to define prognostic factors of remission and flare.



PATIENTS AND METHODS


Study Population

This is an inception cohort study of all patients with pure MLN diagnosed between 2001 and 2016 and followed at our joint academic center (Nephrology and Rheumatology Units) at Laiko Hospital until June 2019. All patients fulfilled the ACR classification criteria for SLE and lupus nephritis diagnosis was confirmed by renal biopsy. Pure MLN (class V) was classified according to the International Society of Nephrology/ Renal Pathology Society (ISN/RPS) 2003 lupus nephritis classification. Biopsies performed before 2003 were reassessed based on ISN/RPS 2003 classification system.



Data Collection

Medical charts of patients were retrospectively reviewed and clinical, laboratory, and therapeutical parameters were recorded at the time of LN diagnosis and at 6–12–18–24–36–72 months after MLN diagnosis, at the time of renal flare (with or without a repeat biopsy) and at last follow-up visit. Patients with mixed MLN and <6 months of follow-up were excluded.

Data collected included demographic parameters, time from SLE diagnosis to LN onset, disease activity (expressed by Systemic Lupus Erythematosus Disease Activity Index 2000, SLEDAI-2K score) (14), anti-ds DNA titers, C3 and C4 levels, serum urea (Ur), creatinine (Cr) and albumin, eGFR (based on the CKD-EPI formula), 24-h proteinuria, urine sediment, renal biopsy histological parameters, and immunosuppressive treatment.

The study was approved by the Institutional Review Board (IRB) of Laiko General Hospital of Athens and Medical School of National Kapodistrian University of Athens. Due to the retrospective nature of the study, an informed consent was not required.



Definitions

Remission and flare were defined according to the EULAR/ERA-EDTA (15) and the KDIGO recommendations (16). Active urine sediment was defined as the presence of >5 RBCs/hpf or ≥1 red cell casts. Complete remission (CR) was defined as proteinuria <500 mg/24 h and serum creatinine reduction within 10% from baseline. Partial remission (PR) was defined as ≥50% reduction in proteinuria to subnephrotic levels and serum creatinine within 10% from baseline. Nephritic flare was defined as an increase in glomerular haematuria by ≥10 RBCs/hpf with or without a decrease in GFR by ≥10%, irrespective of changes in proteinuria. Nephrotic flare was defined as reproducible doubling of proteinuria to >1,000 mg/24 h if complete response had been previously achieved or as reproducible doubling of proteinuria to ≥2,000 mg/24 h if partial response has been previously achieved. “Early” MLN was defined as onset of MLN <1 year from SLE diagnosis. “Late” MLN was defined as onset of MLN > 1 year from SLE diagnosis.



Statistical Analysis

Continuous variables were expressed as the mean value and standard deviation or median value and interquartile range (IQR), whereas categorical variables as frequencies and percentages. To investigate the differences between baseline demographic, clinical, and laboratory variables between patients with different therapeutical schemes, the t-test and Mann–Whitney U-test for independent samples for continuous variables and the χ2 and Fisher exact test for categorical variables were applied. Univariate logistic regression analyses were performed to estimate the prognostic effect of various variables on the risk of renal flare and Cox regression analyses for investigating the association between the time to remission (either partial or complete) of patients with MLN and their clinical characteristics. Variables that were found to be significant (significance was set at α = 0.05) in the univariate analyses, as well as variables that showed to have a predictive role even though not strictly significant (p < 0.10), were included in the multivariate models. Since the number of flares recorded was small (only 6), multivariate logistic regression analysis could not be performed because it would be vulnerable to errors. The estimated odds ratios (ORs) and hazard ratios (HRs) of both the univariate and multivariate models, as well as the related p-values, are presented. Data were analyzed using Stata 13.0 software (Stata Corporation, College Station, TX). All tests proceeded as 2 tailed.




RESULTS


Baseline Demographic, Clinical and Biochemical Parameters

The baseline demographic, clinical, laboratory, and histological parameters are shown in Table 1.


Table 1. Baseline demographic, clinical, and laboratory characteristics and treatment regimens.
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Of note, all patients of the cohort were Caucasians.



Treatment Regimens

All patients received ACE inhibitor or ARB. Thirteen patients (48.1%) were treated with mycophenolic acid (MPA), 8 (29.6%) with cyclophosphamide (CYC) and 1 (3.7%) with cyclosporine (all in combination with corticosteroids) (Table 1). Five patients (18.5%) did not receive any immunosuppressive treatment because of low grade proteinuria, according to the existing at that time recommendations. Eight (29.6%) patients were on hydroxychloroquine (HCQ) treatment at the time of LN diagnosis (Table 1). However, the majority of patients (22/27, 81.5%) received HCQ at some point during the course of their disease.

Patients treated with MPA and those treated with CYC differed significantly only in eGFR levels at baseline (Table 2). eGFR at baseline was lower in the CYC group (mean ± SD 74.6 ± 40.6) than in the MPA group (mean ± SD 110 ± 28.2) (p = 0.02).


Table 2. Comparison of baseline characteristics between the two treatment groups (mycophenolic acid vs. cyclophosphamide).
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Mean duration of treatment was 4.7 ± 2.3 years and did not differ significantly between the two treatment groups.

When we divided patients into those with “early” (<1 year since SLE diagnosis) onset of MLN and those with “late” (>1 year since SLE diagnosis) onset of MLN, we found that the two groups differed significantly in regard to baseline proteinuria. “Early” MLN patients had a median baseline proteinuria of 5.5 g/d (IQR = 4.3) vs. 2.7 g/d (IQR = 2.1) in “late” MLN (p = 0.03) (Table 3).


Table 3. Comparison of baseline characteristics between “early” (<1 year) and “late” (>1 year) LMN patients.

[image: Table 3]



Remission Rates and Prognostic Factors of Remission

At 6 months, 77% of the total cohort achieved remission (37% CR, 40% PR). At 12 months, 89% were in remission (70% CR, 19% PR) and at the end of follow-up (median 77 months), all patients were in remission (89% CR, 11%PR) (Figure 1).


[image: Figure 1]
FIGURE 1. Kaplan-Meier estimates of survival probability of partial and complete remission at different time points from LN diagnosis. CR, complete remission; PR, partial remission; p, probability.


The median time to complete remission was 9 months (IQR = 7) and the median time to partial remission was 4 months (IQR = 4). Median time to remission did not differ significantly between patients treated with MPA acid and those treated with CYC. Median time to complete remission in MPA group was 8 months (IQR = 6) vs. 6 months (IQR = 18) in CYC group (p = 0.84; Figure 2), median time to partial remission was 3 months (IQR = 2) in both treatment arms (p = 0.48), and median time to either complete or partial remission was 3 months (IQR = 2) in both groups (p = 0.48).


[image: Figure 2]
FIGURE 2. Kaplan-Meier estimates of survival probability of complete remission according to induction treatment. CYC, cyclophosphamide; MPA, mycophenolic acid; CR, complete remission.


Time to complete remission differed significantly between patients with “early” MLN (median 6.5 months, IQR = 8) and those with “late” MLN (median 11 months, IQR = 8; p = 0.05; Figure 3).


[image: Figure 3]
FIGURE 3. Kaplan-Meier estimates of survival probability of complete remission in “early” vs. “late” MLN.


In Cox regression analysis no clinical or laboratory parameter was found to be significantly associated with time to remission (CR or PR; Table 4). Neither of the two treatment regimens (CYC and MPA) correlated to time to remission (HR = 0.69, p = 0.43). No significant correlation was found between onset of MLN (“early” vs. “late”) and remission time (HR = 0.61, p = 0.22).


Table 4. Correlations of clinical, laboratory, and treatment parameters with time to remission (either partial or complete).
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Renal Flares and Prognostic Factors of Flare

Renal flare was observed in 6 (22%) of the 27 patients in a median time of 51 months (IQR = 63; Figure 4).


[image: Figure 4]
FIGURE 4. Kaplan-Meier estimates of survival probability of renal flare at different time points from LN diagnosis. P, probability.


Only one of these flares was nephritic and five were nephrotic. Among the patients who had a flare, 2 (33%) had been treated with CYC, 2 (33%) with MPA, 1 (17%) with cyclosporine while 1 patient (17%) had never received any immunosuppressive treatment. In 3 (50%) of six cases no repeat biopsy was performed. In the other three cases, the repeat biopsy did not reveal a class switch.

In univariate logistic regression analysis, proteinuria>1 g/24 h at 1 year significantly correlated with risk of flare (OR = 20, p = 0.02; Table 5). eGFR > 60 ml/min/1.73 m2 at diagnosis, proteinuria 1–3 g/24 h at diagnosis, female sex and treatment with MPA were associated with a lower risk of flare but not in a statistically significant manner. Hypertension and low C3 and C4 levels at diagnosis were associated with increased risk of flare but this correlation wasn't statistically significant. Multivariate analysis was not possible due to small number of events.


Table 5. Prognostic factors of renal flare.
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Renal and Patient Survival

No patient in our cohort developed ESRD in a median follow up period of 77 months. In fact, all patients at the end of follow up had an eGFR>60 ml/min/1.73 m2 (mean eGFR 100 ± 32 ml/min/1.73 m2). Notably, 89% of the patients had an eGFR>60 ml/min/1.73 m2 at the time of MLN diagnosis.

At the end of follow up, all patients were in remission (89% CR, 11% PR), and mean 24 h proteinuria was 0.12 ± 0.12 g. Ten (37%) of 27 patients did not receive any immunosuppressive drug, 13 (48%) continued immunosuppressive treatment (10 on MPA, 3 on AZA) and 4 (15%) were on corticosteroids only.

At a median follow up time of 77 months, no death was recorded but there were 10 patients lost to follow up after 3 years (all in remission).



Adverse Events

No thrombotic or cardiovascular event occurred. One episode of herpes zoster and one episode of HBV reactivation were successfully managed with antiviral therapy and temporary reduction of immunosuppression.




DISCUSSION

Knowledge gained in the field of pure MLN shows a favorable renal prognosis (compared to proliferative and mixed forms of LN) and underscores the need of treatment regimens consisting of a combination of corticosteroids and an immunosuppressive agent, even in patients with subnephrotic levels of proteinuria. The optimal immunosuppressant agent as well as the optimal duration of treatment are not yet fully elucidated. Achievement of remission, time till remission and flare occurrence have been recognized to affect the long-term renal outcome in LN patients. However, the issue of factors that could predict time to remission and flare occurrence in the subpopulation of patients with pure MLN has not been fully addressed. Time to remission (and not only achievement of remission per se) is of great importance in these patients, since longer time to remission exposes them to a greater risk of thrombotic and infectious complications associated with the high levels of proteinuria patients with pure MLN have. We have showed that no baseline clinical or laboratory parameter (not even the level of baseline proteinuria) could serve as a prognostic factor of time to remission and that both major treatment regimens (MPA and CYC) induced remission in similar times. Twelve-month proteinuria has been recognized as a predictor of long-term renal survival in the total cohort of LN patients. Our study suggests that 12-month proteinuria can be also used as a prognostic factor of flare in pure MLN patients. Renal survival of patients with MLN ranges from 96 to 98% at 5 years, 72–100% at 10 years, and reaches 83% at 15 years (7, 17–22). Nevertheless, in certain ethnic groups, such as African Americans, it may be significantly lower (71% at 5 years) (23). In accordance with previous studies, renal survival in our cohort was excellent with all of the patients having an eGFR > 60 ml/min/1.73 m2 at a median follow up time of 77 months. Even the three patients who had an eGFR <60 ml/min/1.73 m2 at diagnosis (2 of them with eGFR <20 ml/min/1.73 m2) managed to improve their renal function during the first 12 months. Renal injury in these patients can be attributed to hemodynamic changes caused by proteinuria and as the latter resolved with treatment, renal function recovered. The excellent renal survival in our cohort can be attributed to the fact that all patients were Caucasians and the majority had normal renal function at diagnosis. The fact that these patients were very closely followed up at a center highly experienced in the management of LN may have also contributed to the good renal outcomes (24), as it was previously shown (17).

The optimal treatment for MLN has not yet been fully elucidated. There is, however, strong evidence that a combination of corticosteroids and immunosuppressives is superior to steroid monotherapy (25, 26). Azathioprine has been shown to be effective in achieving remission but it was associated with high relapse rates (18, 19). Several studies have reported similar rates of clinical response between MPA and CYC (27–29) while others, including a network meta-analysis, have showed superiority of MMF over CYC (21, 30, 31). Calcineurin inhibitors have also been used to treat pure MLN with similar overall response compared to MMF, CYC or AZA (26, 32–35). CNIs are often associated with a faster resolution of proteinuria (35) but also with a higher relapse rate compared to MMF or CYC (32). These observations may, in part, be explained by the fact that CNIs, besides their immunosuppressive actions, affect the intraglomerular pressure and act on the podocytes' cytoskeleton leading to proteinuria reduction (36). In our cohort, 48.1% of patients were treated with MPA, 29.6% with CYC, and only one patient with cyclosporine. The two treatment groups (MPA and CYC) differed significantly in baseline eGFR levels, with patients in the CYC group having worse renal function at baseline compared to MPA group. In regression analysis and after adjustment for baselineeGFR, neither treatment correlated with time to remission or risk of flare, implying that, in white patients with relatively preserved renal function, both treatments are equally effective.

Several studies have demonstrated that achievement of remission, time till remission and development of flares are factors significantly associated with worse long-term renal outcome (17, 37–41). All patients included in our study achieved remission at some point during the disease course. Interestingly, baseline proteinuria, which has been suggested to predict remission (25), did not seem to affect time to remission in our cohort and neither did the therapeutic regimen applied. Renal function at baseline did not also prove to be a significant predictor of time to remission but it should be noted that 89% (24/27) of the patients had normal renal function (eGFR > 60 ml/min/1.73 m2) at the time of MLN diagnosis. No other baseline clinical or biochemical parameter has emerged as a significant prognostic factor of time to remission, possibly due to the small number of patients studied.

Renal flares in pure MLN patients range from 22 to 45% in different studies (17, 19, 21, 22) while in our cohort they occurred in only 22% of patients. Proteinuria >1 g/24 h at 1 year after the diagnosis appeared to be the only statistically significant risk factor for flare. This observation adds to the value of 12-month proteinuria, which has, in recent years, emerged as a more reliable predictor of long-term renal outcomes in LN patients (38, 39, 41, 42). Therapeutic regimen (MPA or CYC) did not seem to affect the risk of flare, neither did the time to remission. Lower C3 and C4 levels appeared to increase the risk of flare but not significantly. Larger studies are needed to further examine C3 and C4 as potential determinants of flare occurrence in pure MLN.

There is lack of data in the literature in regard to how the time of onset of MLN affects its clinical presentation as well as its response to treatment and long-term renal outcome. We decided to divide our patients into those presenting with MLN at the time of SLE diagnosis or at some time during the following 12 months (“early” MLN) and into those presenting with MLN afterwards (“late” MLN). Although patients with “early” disease had higher levels of proteinuria at baseline than patients with “late” disease, the former achieved complete remission sooner than the latter, a finding that deserves further investigation.

Our cohort reflects a real-world, uniform management of pure MLN patients followed at a dedicated, specialized center with available data for all patients for a median follow-up period of 77 months. Another strength of the study is its inception cohort design which contributes, par excellence, to the definition of the natural history of a disease and to the determination of correlations between a certain outcome and prognostic factors. Our study has several limitations such as its retrospective nature and mainly, the small number of patients. Such a small sample size is not able to ensure the statistical power of the results, which should be interpreted with caution and evaluated in larger cohorts. Since MLN is a rare entity and progresses rather slowly, multicentric cohorts with longer follow up are needed.



CONCLUSIONS

Pure MLN in our cohort was associated with very good long-term renal outcomes. Mycophenolic acid and cyclophosphamide seemed to be equally effective in means of time to remission and flare prevention. With the limitation of the small sample size, we could not find any baseline clinical or biochemical factor that could predict time to remission. Proteinuria >1 g/24 h at 1 year seemed to be associated with a higher risk of renal flare but this observation should be further examined in larger cohorts.
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