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Background and hypothesis

Lupus nephritis (LN) presents with varied outcomes depending on the age at diagnosis. We aimed to evaluate long-term kidney survival across three age groups.





Methods

Patients were categorized based on their age at lupus nephritis diagnosis: ≤18 years (childhood), >18 to <45 (adulthood), and ≥45 years (elderly). The three groups’ CKD (eGFR <60 ml/min/1.73 m2 for at least 3 months) or death-free survival was estimated using Kaplan–Meier curves and compared with the log-rank test. To evaluate the independent prognostic role of age, adjusted for other predictors of chronic kidney disease (CKD) or death, we used multivariate Cox regression analysis.





Results

This retrospective cohort study analyzed 260 patients followed for a median of 14.8 years. Of them, 46 (17.7%) were <18, 173 (66.5%) >18 and <45, and 41 (15.8%) ≥45 years old. 46% of elderly vs. 32.6% of children and 24.3% of adults had acute kidney disease (AKD) at diagnosis (P=0.02). Children had more active SLE, whereas the elderly had more chronic damage and hypertension. At 5, 10, and 20 years, CKD or death-free survival rates were 95.3%, 92.5%, and 88.4% in children; 98.2%, 90.1%, and 82.6% in adults; and 87.5%, 67.8%, and 53.5% in the elderly, respectively. Survival in elderly patients was significantly worse compared with children and adults (P= 0.001), whereas survival rates between children and adults were comparable (P = NS). At multivariate analysis, when the chronicity index was excluded from the model, older age emerged as an independent predictor of CKD or death (relative risk, RR: 3.278; CI: 1.402–7.662; P=0.006), with AKD (RR: 2.930; CI: 1.674–5.130; P<0.001), arterial hypertension (RR: 3.692; CI: 1.844–7.389; P<0.001), SLICC >0 (RR: 1.824; CI: 1.155–2.881; P=0.01), and failure to achieve complete remission at 1 year (RR: 4.784; CI: 2.355-9.716; P<0.001).





Conclusion

While children and adults demonstrate comparable long-term kidney survival, elderly patients face significantly worse outcomes due to advanced chronicity and systemic damage. These findings highlight the need for tailored interventions in late-onset LN. Older-onset LN, in fact, was an independent predictor of CKD or death together with AKD, arterial hypertension, SLICC >0, and no remission at 1 year.
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1 Introduction

Systemic lupus erythematosus (SLE) mainly affects young women, although 15%–20% of cases are diagnosed before 18 years (1, 2) and up to 20% in the elderly (3, 4).

Based on available data, childhood-onset SLE is often more aggressive, with higher rates of renal, neuropsychiatric, and hematological issues compared with adult-onset SLE (5, 6). In contrast, older-onset SLE is usually milder, with fewer kidney involvement but with more comorbidities (3, 7, 8).

Lupus nephritis (LN) is a severe complication, and age influences the clinical expression and disease severity (5, 9). Compared with childhood patients, late-onset patients seem to have an insidious onset, fewer active lesions at kidney biopsy, but a higher chronicity score (10). Several studies have shown that children had more severe renal outcomes than late-onset patients, with more progression to dialysis (11). Other studies suggest that pediatric patients may have good long-term renal prognosis nowadays, despite severe renal presentation (10).

Our study aims to evaluate in three age groups (childhood, adults, and late-onset LN) a) the differences in presentation and long-term kidney and patient survival and b) factors associated with the development of chronic kidney disease (CKD) and CKD or death in the entire cohort.




2 Materials and methods



2.1 Study cohort

This is a retrospective observational study that included LN patients diagnosed from 1980, followed until December 2023 at a single nephrological center and prospectively followed. Inclusion criteria were i) classification of SLE according to the American College of Rheumatology (ACR) criteria (12, 13); ii) demographic, clinical, and immunological assessments at LN diagnosis, 1 year after the start of therapy and last observation; iii) a minimum follow-up of 12 months post-therapy initiation; iv) any of the kidney syndromes defined below. Patients were categorized by age at clinical LN diagnosis into three groups (≤18 years: childhood onset, >18 and <45 years: adulthood onset, and ≥45 years: late onset that corresponds to the average menopausal age of our cohort).

The exclusion criterion is chronic kidney disease (CKD) at diagnosis of LN.




2.2 Ethical approval

Approved by the Ethics Committee of IRCCS Humanitas Rozzano, Milan, Italy (protocol NEF0032023), and by Declaration of Helsinki. All patients provided informed consent for the scientific use of their anonymized data. Patient or public involvement in the research was not applicable.




2.3 Data collection and definitions

An electronic database has been in use since 1990 in which data of patients diagnosed from 1980 to 1990 were implemented and then collected in the database at each clinical visit. At diagnosis, we collected data regarding organ SLE involvement and the laboratory findings reported in Table 1A. SLE disease activity was assessed using the Systemic Lupus Erythematous Disease Activity Index 2000 (SLEDAI-2K) (14, 15). Damage was assessed by systemic lupus international collaborating clinics American College of Rheumatology Damage Index (SDI) (16).


Table 1A | Demographic, clinical, histological, and therapeutic characteristics at baseline, in those who developed lupus nephritis at <18 years, between >18 and <45 years, and >45 years of age.



Kidney syndromes were defined as follows: a) acute kidney disease (AKD): eGFR <60 ml/min/1.73/m2 for <3 months, hematuria (urinary red blood cells >5/high-power field [HPF]) and/or erythrocyte casts, proteinuria ≥0.5 g/day (17); b) nephrotic syndrome: proteinuria ≥3.5 g/day, serum albumin ≤3 g/dl, and eGFR ≥ 60 ml/min; c) isolated urinary abnormalities: proteinuria <3.5 and ≥0.5 g/day and/or microscopic hematuria (urinary red blood cells >5/high-power field HPF) and eGFR ≥60 ml/min“ (18); d) complete renal remission: stable eGFR if normal at diagnosis or at least 10% improvement if AKD ad diagnosis, proteinuria <0.5 g/day, and inactive urinary sediment; e) partial renal remission: eGFR as for complete remission, and reduction in proteinuria <3.5 g/day with a reduction of at least 50% from peak value (19); f) no response: all the other situations; g) chronic kidney disease (CKD), eGFR <60 ml/min per 1.73 m2 (23) for at least 3 months (17); h) arterial hypertension: the mean of three consecutive measurements of systolic blood pressure >140 mm/Hg and/or diastolic blood pressure >90 mm/Hg in a sitting position.

eGFR was calculated with the CKD EPI formula for patients >18 years old (20) and the modified Schwartz formula for pediatric patients (≤18 years) (21). Proteinuria measured by benzethonium chloride in the urine collected over 24 h expressed as g/24 h.

Kidney biopsies were classified according to the International Society of Nephrology/Renal Pathology Society (ISN/RPS) criteria (22). The activity and chronicity indices were based on the last revision of the SLE classification (23).

The start of the study is the date of clinical diagnosis of LN.

The first objective of the study was as follows: differences in clinical/histological presentation, CKD, and CKD or death development among the three subgroups of LN patients—children, adults, and elderly. We decided to use CKD as the primary endpoint of interest because the low number of patients who achieved end-stage kidney disease (ESKD, eGFR <15 ml/min) reduced the power of identification of potential predictors of kidney survival.

To assess the role of age groups in LN prognosis, we added a second objective: the evaluation, in the whole cohort, of the predictors of CKD development, and CKD or death. The possible confounding role of covariates and factors like baseline kidney function, age, gender, proteinuria before biopsy, proteinuria reduction during the follow-up, and number and type of immunosuppressive drugs were evaluated.




2.4 Statistical analysis

Demographic and clinical data were expressed as absolute numbers and percentages, for categoric variables, and continuous variables were reported as mean and standard deviation (SD) or median and interquartile range (IQR) depending on their distribution. A comparison of continuous variables between groups was conducted using the T-test for continuous variables with normal distribution. Non-parametric Mann–Whitney U test or the Kruskal–Wallis H test for two or more independent samples, respectively, for continuous variables without normal distribution. The chi-squared test was employed to compare categorical or dichotomized variables among groups of patients. Kaplan–Meier survival curves for each outcome were grouped by age category. Survival free from CKD was calculated and survival differences among the three groups were assessed with the log-rank test. For inferential purposes, multivariate survival Cox regression analysis was performed, using the listed above two outcome variables (Supplementary Table 1). Covariate parametrization and contrasts were defined according to the categorical, discrete, or continuous nature of predictor, i.e., for each categorical variable coding, an indicator dummy variable is used (1 if present and 0 if absent). To investigate the role of the various covariates, a step-by-step iterative approach was used starting from the full model. For each selected covariate, we reported beta coefficients, exponential beta coefficients (as an estimate of relative risk), and their 95% confidence intervals. Covariates were selected for the multivariate Cox regression model using a backward stepwise approach, based on the likelihood ratio test with entry and removal criteria set at P = 0.1 and P = 0.05, respectively. In the multivariate analyses, the missing data excluded the corresponding records from the analysis. All the analyses were performed using the Statistical Package for Social Sciences (SPSS for Windows, version 23.0).





3 Results



3.1 Clinical/histological characteristics at diagnosis and outcome

A total of 260 patients were included in this study, of which 99% were Caucasian and 229 (88.1%) were women. Baseline demographics and clinical features are reported in Table 1A. At lupus nephritis onset, 76 patients (29.2%) presented with acute kidney disease (AKD) (of them, 45 also had proteinuria >3.5 g/day), 85 patients (32.7%) had nephrotic syndrome with normal renal function, and the last 99 patients (38.1) had isolated urinary abnormalities. 50% of patients had arterial hypertension. A total of 247 out of 260 patients (95%) received a kidney biopsy in a median of 2.01 months (0.31–7.76) after the clinical diagnosis of LN. In the remaining 13 patients, the diagnosis of LN was done on clinical grounds with AKD in three patients, nephrotic syndrome in five patients, and isolated urinary abnormalities in the remaining five patients. In these 13 patients, kidney biopsy was not performed due to the patients’ refusal to undergo a kidney biopsy or because of clinical contraindications. Kidney biopsies revealed the following distribution of histological classes: class III in 23.9% (n = 59, including 28 patients with concomitant class V lesions), class IV in 52.2% (n = 129, including 22 with concomitant class V), and class V in 19.4% (n = 48). A smaller proportion had class II (3.6%, n=9), class I (0.4%, n=1), and class VI (0.4%, n= 1). These findings highlight the predominance of advanced nephritis (classes III and IV) in this cohort.

The median activity and chronicity index were 6 (3–9) and 1 (0–3), respectively. At diagnosis, 186 patients (71.5%) had no chronic damage (SDI=0), whereas the median SLEDAI was 15 (10.78-18).Initial treatment, administered at diagnosis of LN based on clinical SLE extrarenal and renal manifestations as well as on the results of kidney biopsy, consisted of three intravenous methylprednisolone pulses (iv MPP) in 82.7% of patients and in 1 mg/kg/day of oral prednisone in the other patients. Oral prednisone was progressively tapered to a maintenance of 7.5–5 mg/day. Immunosuppressive drugs were added in 84.2% of patients. Rituximab was given to 4.2% of patients. hydroxychloroquine was taken by 66 patients (25.4%) at baseline.

One year after treatment initiation, complete renal remission was achieved by 54.6% of patients, partial renal remission by 25.8%, and 14.2% were non-responders (Table 1B).


Table 1B | Renal response at 1 year after the start of therapy, clinical and therapeutic characteristics at last observation in all patients, in those who developed lupus nephritis at <18 years, between >18 and <45 years, and >45 years of age.



At the last observation, after a median follow-up of 14.8 years (7-24.6), 54 patients (20.8%) had CKD (of them, 19 [7.3%] needed renal replacement therapy), and 14 patients (5.4%) died. Of the 14 deaths, only one was directly related to SLE and due to pulmonary hypertension. 31% of patients were free from corticosteroids, 51.7% were on maintenance immunosuppression, 11.5% were on belimumab therapy, and 64.6% were on hydroxychloroquine (Table 1B). There were 85 patients (32.7%) who had no chronic damage (SDI=0), and the median SDI was 1 (0-2).




3.2 Comparison between the three age groups

At LN diagnosis, 46 (17.7%) patients were <18 years old, 173 (66.5%) between 18 and <45 years, and 41 (15.8%) ≥45 years. There were no differences in gender, amount of proteinuria, hematuria, histological classes at kidney biopsy, and SLEDAI (Table 1A). The time between SLE and LN diagnosis was shorter in children (0 [0–4.75] months) than in adults (9 [0–71] months) and old patients (19 [0–132] months P= 0.001). Acute kidney disease (AKD) was significantly more prevalent in elderly patients (46%) compared with children (32.6%) and adults (24.3%; P = 0.02). Children had lower C3 (55 [34.75–80] mg/dl) and C4 (8 [4-13.5] mg/dl) and more frequent fever at LN diagnosis (69.6% of patients) in comparison with both adults (C3:56 [46-73]; C4: 10 [6-14] mg/dl, fever: 49.7%) and older patients (C3: 68 [50-83]; C4: 10 [5-18] mg/dl, fever: 29.3% P=0.001). In the elderly, the chronicity index at kidney biopsy was significantly higher (3 [1-4]) than in pediatrics (0 [0-2] P= 0.001) and in adults (1 [0-3] P= 0.001) (Table 1A), as well as the SDI (elderly 0 [0-1] vs. pediatrics 0 [0-0.25], P<0.001, and vs. adults (0 [0-1], P=0.026).

Again, in the elderly, arterial hypertension (78% vs. 46.2% of adults and 41.3% of children P=0.001) and anti-SSA antibody positivity (51.2% vs. 31.8% in adults and 15.2% in children P=0.001) were significantly more frequent. There were no significant differences in induction therapy among the three groups; iv MPP was given to 82.6% of children, 80.3% of adults, and 92.7% of older patients (P= 0.17). Among the immunosuppressive drugs, 47.8% of children, 44.5% of adults, and 41.4% of the elderly received cyclophosphamide (P=0.83). Mycophenolate mofetil was more frequently used in the elderly (31.7%), than in adults (19.7%) and children (13% P=0.42) (Table 1A).

After 1 year of induction therapy, the achievement of complete, partial remission, and no response were not significantly different among the three groups. At the last observation, eGFR was significantly lower in the elderly (74.4 [48.1-86.8] ml/min) than in adults (94.6 [71.1109.1]mil/min) and pediatric patients (96.7 [64.4-112.5] ml/min P= 0.001) (Table 1B).

A total of 11 children (23.9%), 31 adults (17.9%), and 12 older patients (29.3%) had CKD (P=0.56) at the end of follow-up. Only 19 patients with CKD (35.2%) had end-stage kidney disease (eGFR < 15 ml/min), and all started hemodialysis, without significant differences among age groups (P = 0.61). Four out of the 19 patients who started hemodialysis received a deceased kidney transplant (all the three children and one of the adult group). No deaths were observed in children, whereas seven adults (4%) and seven older patients (17.1%) died. The median SDI was significantly higher in the older group when compared with children (2 vs. 1; P=0.02) (Table 1B).

Kaplan–Meier CKD-free survival curves demonstrated significant differences among the three groups. CKD-free survival at 5, 10, and 20 years were 95.3%, 92.5%, and 88.4% for children, 98.2%, 90.1%, and 82.2% in adults, and 89.7%, 79.4%, and 67% in the elderly (P=0.003, Figure 1A), respectively, and similar significant differences were obtained when CKD or death-free survival curves of three age groups were compared (P=0.001, Figure 1B). However, when analyzed separately, there was no significant difference in CKD-free survival between children and adults (P=NS), whereas both groups had significantly better survival than the elderly (P=0.002 for children, and P=0.004 for adults). To highlight the difference among age groups, a CKD-free survival curve including children and adults (group aged <45 years) was compared with that of the elderly. The survival at 5, 10, and 20 years of patients aged <45 years were 97.6%, 90.7%, and 84,8%, in comparison with 89.7%, 67.8%, and 55.5% of the elderly (P=0.001 Figure 1C), respectively. Figure 1D, which reported the differences in CKD or death-free survival between patients aged <45 years and those aged ≥45 years, makes more visible the differences between the two groups (P<0.001).




Figure 1 | (A, B) CKD-free survival and CKD or death-free survival in lupus nephritis (LN) patients with different classes of age at LN diagnosis: age <18 years, age >18 and <45 years, age ≥45 years. (C, D) CKD-free survival and CKD or death-free survival in LN patients with <45 years of age at LN diagnosis and ≥45 years. CKD, chronic kidney disease.






3.3 Predictors of CKD and CKD or death in the whole cohort

To define the importance of age groups in predicting the long-term LN outcome (CKD and CKD or death), we performed a Cox regression analysis to identify predictors of these two endpoints in our entire cohort of LN patients. The baseline variables entered in the COX regression analysis are reported in Supplementary Table 1.

As reported above, age classes and chronicity index at kidney biopsy were directly and significantly correlated. To better define their values on discriminating the outcomes, these two variables were considered one at a time in the Cox regression analysis.



3.3.1 Predictors of chronic kidney disease

At multivariable analysis, AKD at diagnosis (relative risk, RR: 2.939; CI: 1.510-5.721; P=0.002), SDI >0 (RR: 1.824; CI: 1.155-2.881; P=0.010), arterial hypertension (RR: 2.752; CI: 1.316-5.754; P=0.007), and no remission 1 year after the start of treatment (RR: 4.316; CI: 2.008-9.277; P<0.001) were the independent variables associated with CKD development. Induction treatment with methylprednisolone pulses (MPPs) was associated with a risk reduction of CKD by 59% (RR: 0.409; CI: 0.206-0.811; P=0.011) (Table 2A). Although not significant (P=0.075), the chronicity index increased the risk of CKD by 10% for each additional unit calculated at kidney biopsy.


Table 2A | Multivariable Cox regression analysis (Backward method) performed on the whole cohort of patients to identify predictors of CKD.






3.3.2 Predictors of chronic kidney disease or death

When both age and chronicity index were included in the model, both were not correlated with the endpoint of CKD or death (Supplementary Table 2). Therefore, we built two different models, the first including age (Table 2B) and the second including chronicity index (Table 2C). In the first model, older age in comparison with childhood age increased the probability of CKD or death by 3.278 (CI: 1.402–7.662: P=0.006). In the second model, the chronicity index predicts the endpoint with a relative risk of 1.136 for each additional unit (CI:1.021-1.264: P=0.019). In both models, the other variables independently associated with this endpoint (Tables 2B, C) were AKD, arterial hypertension, and no remission at one year.


Table 2B | Multivariable Cox regression analysis (Backward method) performed on the whole cohort of patients to identify predictors of CKD or death including in the model age classes but excluding chronicity index.




Table 2C | Multivariable Cox regression analysis (Backward method) performed on the whole cohort of patients to identify predictors of CKD or death including in the model chronicity index but excluding age classes.








4 Discussion

In this large Italian cohort of LN patients followed for 14 years, we examined clinical presentation, patient, and kidney survival across three ages at LN diagnosis: childhood, adulthood, and advanced age. SLE mainly affects women during reproductive ages but can also occur in children and the elderly (1–5). We divided patients into these three groups: early-onset, adult-onset, and late-onset groups. Patients in the early onset group were younger than 18 years old at LN diagnosis. Our choice is consistent with that of other published papers. Mean age at diagnosis of our early-onset group was 14.8 + 3.6 years, very similar to the 13.7 + 3.3 years in Chan et al.’s paper (24), and the 14.2 + 2.39 years in Kang et al.’s study (25). Patients belonging to the adult-onset group were older than 18 at diagnosis, yet younger than 45. The late-onset group comprises patients older than 45, which was held as cutoff considering the average menopausal age of our cohort, in line with previous papers (26).

LN was diagnosed before the age of 18 in 17.7% of patients and after the age of 45 in 15.8%. Our results align with similar studies available in the literature, in which the authors compared LN patients categorized into different groups based on age at clinical LN diagnosis, with 15%-20% of cases occurring in pediatric patients and up to 10%-15% in elderly patients (25, 28, 29). The relatively small amount of patients receiving antimalarials at disease onset in our cohort may be due to the historical nature of the cohort covering a remarkable timespan, up to when the use of antimalarials was not usual in LN.

Children and the elderly had more frequent AKD at diagnosis than adults. In children, AKD was linked to low complement and extrarenal SLE manifestations, in the elderly, to arterial hypertension, high chronicity index at kidney biopsy, and SDI. Furthermore, most children had simultaneous SLE and LN diagnoses, whereas in 40% of the elderly, LN was diagnosed after >5 years of SLE. Therapy did not differ across groups. The 20-year kidney survival rate in children (88.4%) was comparable with adults (82.2%; P = NS) but significantly better than in elderly patients (67%; P = 0.002 for children vs. elderly, P = 0.004 for adults vs. elderly). These findings underscore the potential for early, aggressive management of lupus nephritis in younger patients to preserve long-term kidney function, while highlighting the challenges of managing advanced chronic damage in elderly patients. The same differences were obtained when CKD or death was the endpoint considered.

Most pediatric studies confirmed frequent simultaneous SLE and LN onset (11, 24), but different results are reported in the elderly. Xu et al. (10) confirmed our long SLE duration before LN, although another cohort (29) showed a short interval between SLE and LN. A long duration of lupus before nephritis causes chronic damage secondary to SLE activity, therapy, and age-related comorbidities (30, 31). This can explain why in some studies, in keeping with our data, the chronicity index and SDI were higher, and arterial hypertension more frequent in older patients (10, 25, 32). These features are well-known predictors of worse renal prognosis (33, 34). On the other hand, SLE children often showed active but potentially reversible disease with more frequent hypocomplementemia, higher SLEDAI, and hematologic and neuropsychiatric manifestations (6, 25, 35, 36).

In keeping with our results, Kang et al. (25) in a cohort of 117 Korean patients followed for 76.5 months reported CKD in 10% of children, 28% of adults, and 54.4% of the elderly. In 52 Turkish childhood-onset LN patients followed for 43.1 months, kidney survival at 10 years was 85.7%, a little worse than our 92.5% (37). In 92 LN Chinese children, the outcome that included CKD, ESKD, or death was 83.2% at 20 years (24). These good results confirm a significant improvement in the survival of LN children in the last decades even if the response to therapy at 1 year continues to be reported as suboptimal, several patients developed SLE flares, and the standardized mortality ratio continued to be higher than in adults (18.3 compared with a ratio of 3.1) (27, 35).

It is debatable whether late-onset LN is associated with a different disease course and prognosis than early-onset LN. Mongkolchaiarunya et al. (38) found no significant difference in response at 1 year in 30 late-onset vs. 90 early-onset LN, although mortality was higher in late-onset. In comparing 30 Chinese old-onset and 242 early-onset LN patients, the early-onset group seemed to have a poorer renal outcome after 6 years of observation (10). Accordingly, in a large retrospective cohort study from the NHIR Taiwan Database, the risk of incident ESRD was statistically lower in late-onset SLE patients compared with adult-onset patients (39). A large Chinese LN cohort (28), which included 102 late-onset and 1,162 early-onset patients followed for 55 months, confirmed the significantly higher mortality at 10 years in late-onset, but the kidney survival was not significantly different between the two groups. In our cohort, at the last observation, the percentage of CKD was higher in the elderly than in adults and children, but the differences were not significant. Kaplan–Meier survival curves showed no significant differences in CKD and CKD or death-free survival at 20 years between children and adults whereas both age groups had significantly better survival than the elderly. These differences became more evident at a survival curve summarizing the data of children and adults compared with those of the elderly. Of note, this is the longest follow-up reported in the literature, and it is not unexpected that with such a longer observation, the baseline chronic damage, arterial hypertension, and the natural loss of renal function with age together with age-related morbidity caused an increased rate of CKD. Moreover, our results confirmed the above-reported higher mortality in the elderly than in children and in adults (28, 38). The higher mortality in the elderly group may also be explained by the fact that elderly patients are more vulnerable to immunosuppressives compared with younger adults and children.

To emphasize the importance of age in kidney outcomes, we performed a multivariable analysis to identify predictors of CKD and CKD or death in the entire population. In the Cox model, chronicity index and age were tested separately because of a significant direct correlation between these two parameters. Regarding CKD predictors, we found that induction treatment with MPP was associated with a risk reduction of CKD by 59%. The importance of initial therapy with MMP pulses in active LN has been known since the seventies and was recently confirmed by EULAR and KDIGO recommendations (40–42). The other predictors of CKD were AKD, arterial hypertension, SDI >0 at baseline, and no complete response at 1 year. The association between SDI and mortality is reported in many studies (43, 44), and our data underline the important role of baseline chronic damage in predicting CKD. Age was not associated with CKD probably for the low number of events. Indeed, when we considered CKD or death as the endpoint, age at old-onset LN compared with child-onset was an independent predictor. AKD, arterial hypertension, and no response at 1 year were the other independent predictors in multivariable analysis. Impaired renal function and arterial hypertension at diagnosis are well-known predictors of bad long-term renal outcomes (18, 45, 46) as well as the lack of response to therapy (47–49). Limitations include retrospective design, a smaller sample of children and elderly, non-randomized therapy, long period of nephritis diagnosis during which the therapeutic approach is modified. The lack of data about SLE treatment in patients with a disease duration >1 year before LN diagnosis may have precluded to establish the prognostic role of some drugs. Although the predominance of Caucasian patients in our cohort reduces the possibility of extending these results to other ethnicities, this may represent a benefit considering that both genetic and environmental factors play a crucial role in the development and progression of diseases. Consequently, research in this field underscores the importance of conducting nationwide and ethnic studies, considering differences rather than similarities in their results.

Despite the limitations, we have demonstrated comparable long-term kidney survival in children and adults, likely due to early diagnosis and aggressive treatment. Elderly LN patients had the worst outcomes, possibly due to chronic damage at diagnosis and prolonged SLE duration before LN. Considering the recent demonstration that LN tended to appear at a more advanced age (41) and, given the poorer prognosis in late-onset lupus nephritis patients, tailored diagnostic and therapeutic strategies are necessary to mitigate chronic damage and improve long-term outcomes.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Ethics Committee of IRCCS Humanitas Rozzano, Milan, Italy (protocol NEF0032023). The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation in this study was provided by the participants’ legal guardians/next of kin.





Author contributions

MC: Writing – original draft, Writing – review & editing. SA: Methodology, Writing – review & editing, Formal analysis. FD: Writing – original draft, Investigation. FB: Writing – original draft, Investigation. GD: Writing – original draft, Investigation. AM: Writing – review & editing, Investigation. ND: Writing – review & editing, Investigation. TS: Writing – review & editing, Investigation. LL: Writing – review & editing, Investigation. FR: Writing – review & editing, Investigation. GM: Conceptualization, Writing – original draft, Writing – review & editing, Data curation, Investigation, Methodology, Supervision.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This work was partially supported by “Ricerca Corrente” funding from Italian Ministry of Health to IRCCS Humanitas Research Hospital.




Acknowledgments

We would like to express our gratitude to Professor Claudio Ponticelli for his valuable advice in the preparation and formulation of the text.





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.

The reviewer MF declared a past co-authorship with the authors MC and GM to the handling editor





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.1531675/full#supplementary-material




References

1. Klein-Gitelman, M, Reiff, A, and Silverman, ED. Systemic lupus erythematosus in childhood. Rheum Dis Clin North Am. (2002) 28:561–77, vi–vii. doi: 10.1016/s0889-857x(02)00015-7

2. Hiraki, LT, Feldman, CH, Liu, J, Alarcón, GS, Fischer, MA, Winkelmayer, WC, et al. Prevalence, incidence, and demographics of systemic lupus erythematosus and lupus nephritis from 2000 to 2004 among children in the US Medicaid beneficiary population. Arthritis Rheum. (2012) 64:2669–76. doi: 10.1002/art.34472

3. Appenzeller, S, Pereira, DA, and Costallat, LTL. Greater accrual damage in late-onset systemic lupus erythematosus: a long-term follow-up study. Lupus. (2008) 17:1023–8. doi: 10.1177/0961203308089695

4. Boddaert, J, Huong, DLT, Amoura, Z, Wechsler, B, Godeau, P, and Piette, J-C. Late-onset systemic lupus erythematosus: a personal series of 47 patients and pooled analysis of 714 cases in the literature. Medicine. (2004) 83:348–59. doi: 10.1097/01.md.0000147737.57861.7c

5. Ortega, LM, Schultz, DR, Lenz, O, Pardo, V, and Contreras, GN. Review: Lupus nephritis: pathologic features, epidemiology and a guide to therapeutic decisions. Lupus. (2010) 19:557–74. doi: 10.1177/0961203309358187

6. Brunner, HI, Gladman, DD, Ibañez, D, Urowitz, MD, and Silverman, ED. Difference in disease features between childhood-onset and adult-onset systemic lupus erythematosus. Arthritis Rheum. (2008) 58:556–62. doi: 10.1002/art.23204

7. 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) 26:698–706. doi: 10.1177/0961203316673728

8. Aljohani, R, Gladman, DD, Su, J, and Urowitz, MB. Disease evolution in late-onset and early-onset systemic lupus erythematosus. Lupus. (2017) 26:1190–6. doi: 10.1177/0961203317696593

9. Lalani, S, Pope, J, de Leon, F, Peschken, C, and Members of CaNIOS/1000 Faces of Lupus. Clinical features and prognosis of late-onset systemic lupus erythematosus: results from the 1000 faces of lupus study. J Rheumatol. (2010) 37:38–44. doi: 10.3899/jrheum.080957

10. Xu, Y-X, Tan, Y, Yu, F, and Zhao, M-H. Late onset lupus nephritis in Chinese patients: classified by the 2003 International Society of Nephrology and Renal Pathology Society system. Lupus. (2011) 20:801–8. doi: 10.1177/0961203310397563

11. 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) 21:978–83. doi: 10.1177/0961203312443421

12. Hochberg, MC. Updating the American College of Rheumatology revised criteria for the classification of systemic lupus erythematosus. Arthritis Rheum. (1997) 40:1725. doi: 10.1002/art.1780400928

13. Aringer, M, Costenbader, K, Daikh, D, Brinks, R, Mosca, M, Ramsey-Goldman, R, et al. European league against rheumatism/American college of rheumatology classification criteria for systemic lupus erythematosus. Arthritis Rheumatol. (2019) 71:1400–12. doi: 10.1002/art.40930

14. Gladman, DD, Ibañez, D, and Urowitz, MB. Systemic lupus erythematosus disease activity index 2000. J Rheumatol. (2002) 29:288–91.

15. Ibañez, D, Urowitz, MB, and Gladman, DD. Summarizing disease features over time: I. Adjusted mean SLEDAI derivation and application to an index of disease activity in lupus. J Rheumatol. (2003) 30:1977–82.

16. Gladman, DD, and Urowitz, MB. The SLICC/ACR damage index: progress report and experience in the field. Lupus. (1999) 8:632–7. doi: 10.1191/096120399680411335

17. Levey, AS, Eckardt, K-U, Dorman, NM, Christiansen, SL, Cheung, M, Jadoul, M, et al. Nomenclature for kidney function and disease: executive summary and glossary from a kidney disease: improving global outcomes (KDIGO) consensus conference. Kidney Dis (Basel). (2020) 6:309–17. doi: 10.1159/000509359

18. 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) 77:1318–25. doi: 10.1136/annrheumdis-2017-212732

19. Troyanov, S, Wall, CA, Miller, JA, Scholey, JW, Cattran, DC, and Toronto Glomerulonephritis Registry Group. Focal and segmental glomerulosclerosis: definition and relevance of a partial remission. J Am Soc Nephrol. (2005) 16:1061–8. doi: 10.1681/ASN.2004070593

20. Levey, AS, Stevens, LA, Schmid, CH, Zhang, YL, Castro, AF, Feldman, HI, et al. A new equation to estimate glomerular filtration rate. Ann Intern Med. (2009) 150:604–12. doi: 10.7326/0003-4819-150-9-200905050-00006

21. Schwartz, GJ, Muñoz, A, Schneider, MF, Mak, RH, Kaskel, F, Warady, BA, et al. New equations to estimate GFR in children with CKD. J Am Soc Nephrol. (2009) 20:629–37. doi: 10.1681/ASN.2008030287

22. 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) 65:521–30. doi: 10.1111/j.1523-1755.2004.00443.x

23. 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) 93:789–96. doi: 10.1016/j.kint.2017.11.023

24. Chan, EY-H, Yap, DY-H, Wong, W-T, Wong, WH-S, Wong, S-W, Lin, KY-K, et al. Long-term outcomes of children and adolescents with biopsy-proven childhood-onset lupus nephritis. Kidney Int Rep. (2023) 8:141–50. doi: 10.1016/j.ekir.2022.10.014

25. Kang, J-H, Park, D-J, Lee, K-E, Lee, JS, Choi, Y-D, and Lee, S-S. Comparison of clinical, serological, and prognostic differences among juvenile-, adult-, and late-onset lupus nephritis in Korean patients. Clin Rheumatol. (2017) 36:1289–95. doi: 10.1007/s10067-017-3641-6

26. Sharma, H, Kaul, A, Mohakuda, SS, Behera, MR, Bhadauria, DS, Agrawal, V, et al. Clinicopathologic characteristics and outcomes of late onset lupus nephritis: a single centre experience. Rheumatol Int. (2023) 43:1849–58. doi: 10.1007/s00296-023-05357-8

27. Oni, L, Wright, RD, Marks, S, Beresford, MW, and Tullus, K. Kidney outcomes for children with lupus nephritis. Pediatr Nephrol. (2021) 36:1377–85. doi: 10.1007/s00467-020-04686-1

28. Tian, N, Zhou, Q, Yin, P, Chen, W, Hong, L, Luo, Q, et al. Corrigendum: Long-term kidney prognosis and pathological characteristics of late-onset lupus nephritis. Front Med (Lausanne). (2022) 9:1018311. doi: 10.3389/fmed.2022.1018311

29. Mak, A, Mok, CC, Chu, WP, To, CH, Wong, SN, and Au, TC. Renal damage in systemic lupus erythematosus: a comparative analysis of different age groups. Lupus. (2007) 16:28–34. doi: 10.1177/0961203306074469

30. Tomic-Lucic, A, Petrovic, R, Radak-Perovic, M, Milovanovic, D, Milovanovic, J, Zivanovic, S, et al. Late-onset systemic lupus erythematosus: clinical features, course, and prognosis. Clin Rheumatol. (2013) 32:1053–8. doi: 10.1007/s10067-013-2238-y

31. Sousa, S, Gonçalves, MJ, Inês, LS, Eugénio, G, Jesus, D, Fernandes, S, et al. Clinical features and long-term outcomes of systemic lupus erythematosus: comparative data of childhood, adult and late-onset disease in a national register. Rheumatol Int. (2016) 36:955–60. doi: 10.1007/s00296-016-3450-2

32. Shabaka, A, Mendoza, A, Rodriguez-Moreno, A, Pamplona, IA, Rabasco, C, Procaccini, F, et al. 4928 CLINICAL AND HISTOLOGICAL CHARACTERISTICS AND LONG-TERM PROGNOSIS OF LATE-ONSET LUPUS NEPHRITIS. Nephrol Dialysis Transplant. (2023) 38. doi: 10.1093/ndt/gfad063a_4928

33. 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. Kidney360. (2022) 3:122–32. doi: 10.34067/KID.0005512021

34. 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) 40:872–81. doi: 10.55563/clinexprheumatol/ig0lu0

35. Ambrose, N, Morgan, TA, Galloway, J, Ionnoau, Y, Beresford, MW, Isenberg, DA, et al. Differences in disease phenotype and severity in SLE across age groups. Lupus. (2016) 25:1542–50. doi: 10.1177/0961203316644333

36. Abdel-Nabi, HH, and Abdel-Noor, RA. Comparison between disease onset patterns of Egyptian juvenile and adult systemic lupus erythematosus (single centre experience). Lupus. (2018) 27:1039–44. doi: 10.1177/0961203318760208

37. Demir, S, Gülhan, B, Özen, S, Çeleğen, K, Batu, ED, Taş, N, et al. Long-term renal survival of paediatric patients with lupus nephritis. Nephrol Dial Transplant. (2022) 37:1069–77. doi: 10.1093/ndt/gfab152

38. Mongkolchaiarunya, J, Wongthanee, A, Kasitanon, N, and Louthrenoo, W. Comparison of clinical features, treatment and outcomes of lupus nephritis between patients with late- and early-onset systemic lupus erythematosus: A controlled study. J Clin Med Res. (2024) 16:106–17. doi: 10.14740/jocmr5097

39. Chen, Y-M, Lin, C-H, Chen, H-H, Chang, S-N, Hsieh, T-Y, Hung, W-T, et al. Onset age affects mortality and renal outcome of female systemic lupus erythematosus patients: a nationwide population-based study in Taiwan. Rheumatol (Oxford). (2014) 53:180–5. doi: 10.1093/rheumatology/ket330

40. Ponticelli, C, Tarantino, A, Pioltelli, P, and Invernizzi, F. High-dose methylprednisolone pulses in active lupus nephritis. Lancet. (1977) 1:1063. doi: 10.1016/s0140-6736(77)91307-1

41. Kidney Disease: Improving Global Outcomes (KDIGO) Lupus Nephritis Work Group. KDIGO 2024 clinical practice guideline for the management of LUPUS NEPHRITIS. Kidney Int. (2024) 105:S1–S69. doi: 10.1016/j.kint.2023.09.002

42. Fanouriakis, A, Kostopoulou, M, Andersen, J, Aringer, M, Arnaud, L, Bae, S-C, et al. EULAR recommendations for the management of systemic lupus erythematosus: 2023 update. Ann Rheum Dis. (2024) 83:15–29. doi: 10.1136/ard-2023-224762

43. 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) 74:1706–13. doi: 10.1136/annrheumdis-2013-205171

44. Nived, O, Jönsen, A, Bengtsson, AA, Bengtsson, C, and Sturfelt, G. High predictive value of the Systemic Lupus International Collaborating Clinics/American College of Rheumatology damage index for survival in systemic lupus erythematosus. J Rheumatol. (2002) 29:1398–400.

45. Korbet, SM, Lewis, EJ, Schwartz, MM, Reichlin, M, Evans, J, and Rohde, RD. Factors predictive of outcome in severe lupus nephritis. Lupus Nephritis Collaborative Study Group. Am J Kidney Dis. (2000) 35:904–14. doi: 10.1016/s0272-6386(00)70262-9

46. Ginzler, EM, Felson, DT, Anthony, JM, and Anderson, JJ. Hypertension increases the risk of renal deterioration in systemic lupus erythematosus. J Rheumatol. (1993) 20:1694–700.

47. Chen, YE, Korbet, SM, Katz, RS, Schwartz, MM, Lewis, EJ, and Collaborative Study Group. Value of a complete or partial remission in severe lupus nephritis. Clin J Am Soc Nephrol. (2008) 3:46–53. doi: 10.2215/CJN.03280807

48. Moroni, G, Gatto, M, Tamborini, F, Quaglini, S, Radice, F, Saccon, F, et al. Lack of EULAR/ERA-EDTA response at 1 year predicts poor long-term renal outcome in patients with lupus nephritis. Ann Rheum Dis. (2020) 79:1077–83. doi: 10.1136/annrheumdis-2020-216965

49. Korbet, SM, Schwartz, MM, Evans, J, Lewis, EJ, and Collaborative Study Group. Severe lupus nephritis: racial differences in presentation and outcome. J Am Soc Nephrol. (2007) 18:244–54. doi: 10.1681/ASN.2006090992




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 © 2025 Calatroni, Andrulli, Doti, Bello, De Vivo, Mastrangelo, Del Papa, Schioppo, Locatelli, Reggiani and Moroni. 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/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Long-term prognosis of lupus nephritis: comparison between pediatric, adult, and advanced age onset

      

        		

          Background and hypothesis

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study cohort

          



          		

            2.2 Ethical approval

          



          		

            2.3 Data collection and definitions

          



          		

            2.4 Statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Clinical/histological characteristics at diagnosis and outcome

          



          		

            3.2 Comparison between the three age groups

          



          		

            3.3 Predictors of CKD and CKD or death in the whole cohort

          

            		

              3.3.1 Predictors of chronic kidney disease

            



            		

              3.3.2 Predictors of chronic kidney disease or death

            



          



          



        



        



        		

          4 Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          Conflict of interest 

        



        		

          Generative AI statement

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
P among
LN diagnosis the three
>45 years age

groups*

P between
young and
old class*

LN diagnosis
>18 and
<45 years

Missing LN diagnosis
data <18 years

All patients

Renal response 1 year after the start of therapy

Complete renal

P 142 (54.6%) 14 (5.4%) 18 (39.1%) 100 (57.8%) 24 (58.5%) 0.07 0.07
remission, n (%)
Partial 1
At rend 67 (25.8%) 14 (5.4%) 18 (34.8%) 12 (24.3%) 9 (22%) 0.10 008
remission, n (%)
No renal response,
37 (14.2%) 14 (5.4%) 6 (13%) 24 (13.9%) 7 (17.1%) 0.84 0.60

n (%)
Therapy at the last observation

Maintenance

prednisone dosage 5(0; 5) 0 1.88 (0; 5) 5(0;5) 5(0; 5) 0.28 0.68
(mg/day)
Eiet drom 81 (31.2%) 0 18 (39.1%) 54(31.2%) 12 (293%) 0.54 033

corticosteroids, n (%)

IS maintenance,

i 150 (57.7%) 0 27 (58.7%) 101 (58.4%) 24 (58.5%) 1.00 0.99
n (%
Cyclophosphamide, 2 (0.8%) 0 0 2 (1.2%) 0 ! 1.00
n (%)
Azathioprine, n (%) 24 (9.2%) 0 5 (109%) 15 (8.7%) 4(98%) 0.89 0.86
Mycophenolate,
. (";‘;P enolate 110 (42.3%) 0 20 (43.5%) 72 (41.6%) 18 (43.9%) 0.95 0.97
Cyclosporine, n (%) 11 (4.2%) 0 1 (2.2%) 9 (5.2%) 2 (4.9%) 0.68 0.49
Methotrexate, n (%) 3(1.2%) 0 0 3 (17%) 0 / 1.00
H’(’;;"xyd'lmqum' 168 (64.6%) 0 29 (63%) 113 (65.3%) 26 (63.4%) 095 097
n
Belimumab, n (%) 30 (11.5%) 0 4(87%) 26 (15.0%) 0 / 1.00
Data at last observation

Months of FUP 1775 (84.75; 295) 254 (120; 385.5) 178 (84; 291) 135 (56; 232) <0.01 <0.01*
SeEitin CrEatining 0.84 (0.751.1) 0 0.89 (0.77; 1.13) 0.82 (0.69:1.04) 0.9 (0.78; 1.2) 0.87 0.98
(mg/dl)
€GER (ml/min/1.73 96.71 —
m’s according to 90.59 (66.42, 107.29) 0 (64.39, 112.61) OLia 1090y | 744 (812,867 <001 0.01*
CKD-EPI) e
Proteinuria, g/day 0.19 (0.10, 0.55) 0 0.20 (0.10, 0.52) 0.20 (0.10,0.57) 020 (009, 0.41) 0.95 0.29
Proteinuria >3.5

roteinuck 255 g/ 6(2.3%) 0 1(22%) 5 (2.9%) 0 / 1.00
day, n (%)
CKD, n (%) 54 (20.8%) 0 11 (23.9%) 31 (17.9%) 12 (29.3%) 0.23 057
sDI 1(0.2) 13 (5%) 10,1) 1(02) 2(1,3) 0.99 0.02*
Delta SDI/year 0(0,0.072) 13 (5%) 0/(0, 0.030) 0(0, 0.066) 0.1 (0, 0.164) 1 0.12
Death, n (%) 14 (5.4%) 0 0 7 (4%) 7 (17.1%) / 1.00

n°, number; pts, patients; FUP, follow-up; eGER, estimated glomerular filtration rate; CKD, chronic kidney dysfunction; SDI, SLICC Damage Index; SLICG, systemic lupus international
collaborating clinics American College of Rheumatology Damage index. If not differently specified data are expressed as median (first and third quartiles). Delta SDI/year: has been calculated by
dividing the SLICC increase (the difference between the value at the last observation and the baseline) by the number of years of observation.

*P refers to T-test for continuous measurements between the first and third age class, Kruskal-Wallis H test for continuous measurements among the three classes, and to Chi-squared test for
discrete measurements, with P<0.05.





OEBPS/Images/table4.jpg
ivariable analysis

‘ B SE Wald ‘ RR 95% RR CI P
Age * 1.187 0.433 7.508 3.278 1.402-7.662 0.006
AKD ** 1.075 0.286 14.155 2.930 1.674-5.130 0.000
SDI >0 0.601 0.233 6.639 1.824 1.155-2.881 0.01
Arterial hypertension 1.306 0.354 13.607 3.692 1.844-7.389 0.000
No remission at 1 year 1.565 0.362 18.745 4.784 2.355-9.716 0.000

*Comparison between older patients and pediatrics.

#*AKD = eGFR <60 ml/min/1.73/m” for <3 months, hematuria (urinary red blood cells >10/high-power field [HPF]), and/or erythrocyte casts, proteinuria 20.5 g/day.
SDI, SLICC Damage Index; SLICC, systemic lupus international collaborating clinics American College of Rheumatology Damage index.
B, beta coefficient; SE, standard error of beta coefficient; Wald, Wald statistic; RR, relative ri:

RR 95% CI, 95% confidence intervals of RR.





OEBPS/Images/table3.jpg
tivariable analysis

\ B SE Wald ‘ RR 95% RR CI P
AKD * 1.078 ‘ 0.340 10.061 2939 1.510-5.721 0.002
SDI > 0 0.601 0.233 6.639 1.824 1.155-2.881 0.01
Arterial hypertension 1.012 0.376 7.236 2752 1.316-5.754 0.007
Methylprednisolone pulses -0.894 0.350 6.543 0.409 0.206-0.811 0.011
No remission at 1 year 1.462 0.390 14.025 4316 2.008-9.277 0.000

SDI, SLICC Damage Index; SLICC, systemic lupus international collaborating clinics American College of Rheumatology Damage index.

*AKD= eGFR <60 ml/min/1.73/m? for <3 months, hematuria (urinary red blood cells >10/high-power field [HPF]), and/or erythrocyte casts, proteinuria 0.5 g/day.

B, beta coefficient; SE, standard error of beta coefficient; Wald, Wald statistic; RR, relative ri:

RR 95% CI, 95% confidence intervals of RR.





OEBPS/Images/fimmu.2025.1531675_cover.jpg
& frontiers | Frontiers in Immunology

Long-term prognosis of lupus nephritis:
comparison between pediatric, adult, and
advanced age onset





OEBPS/Images/logo.jpg
, frontiers | Frontiers in Immunology





OEBPS/Images/fimmu-16-1531675-g001.jpg
CKD- free survival

<=18 yrs
o
18-45yrs
E 0
L >=45yrs
Log rank P =0.003
o
05 A
T 21 48 12 % 120 s 168 162 216 20
Follow-up (months)
_
5 years 10 years 20 years
95.3% 92.5% 88.4%
98.2% 90.1% 82.2%
89.7% 79.4% 67%

CKD-free survival

[} Log rank P =0.001

C

— T T T T T T T T 71—
0 24 48 T2 9% 120 143 168 192 216 240

Follow-up (months)

_ CKD free survival

5 years 10 years 20 years
97.6% 90.7% 84.8%
89.7% 67.8% 53.5%

CKD- or Death- free survival

06

Log rank P <0.001

v
0

—— 71—
24 48 T2 96 120 144 168 192 216

Foliow-up (months)

_ CKD or death free survival

5 years 10 years
9.3% 92.5%
98.2% 90.1%
Age 245 years 87.5% 67.8%

CKD or Death-free survival

20 years
88.4%
82.6%
53.5%

Log rank P < 0.001
>= 45 yrs

Age < 45 years
Age 245 years

T T T T T T T T
24 48 72 98 120 144 168 192 216

Follow-up (months)

CKD- or Death- free survival

o
240

5 years 10 years 20 years
97.6% 90.7% 83.9%
87.5% 67.8% 52.5%





OEBPS/Images/table1.jpg
P
between
young
and
old class*

P among

LN diagnosis = the three
>45 years age

groups*

diagnosis
>18 and
<45 years

Missing LN diagnosis

All patients data <18 years

Demographics and clinical renal features at lupus nephritis diagnosis

260 260 16 (17.7%) 173 (66.5%) 41 (15.8%)

Females, n (%) 229 (88.1%) 0 37 (80.4%) 156 (90%) 36 (87.8%) 0.19 035
Caucasians, n (%) 257 (99%) 0 43 (98%) 173 (100%) 41 (100%) <001 035
Age at SLE diagnosis (years) 24 (18, 35) 0 150 (12, 17) 250 (20, 31) 48.0 (44, 54) <0.01* <0.01*
Age at LN diagnosis (years) 28 (20.8, 39.2) 0 15 (13, 17) 28.0 (24, 36) 51.0 (47, 60) <001 <0.01*
Time between SLE and LN 0

i e v 6(0,58.5) 00,475 9(0,71) 19 (0, 132) <001 <001
diagnosis (months)
Diagnosis of SLE and LN
simultaneous or within 1 year 152 (58.5%) 0 39 (74.78%) 94 (54.33%) 19(43.34%) <001 <0.01*
n (%)
Serum creatinine (mg/dl) 0.9(0.7,13) 0 082 (07, 12) 0.90 (0.7, 1.23) 100 (078, 1.6) 0.98 0.02*
eGFR (ml/min/1.73 m%

ding to Schwartz for pt:

ACEOMB DChArE NI 87.4 (5.4, 112.4) 0 77.68 (53.3,95) | 90.97 (61.3,1183) | 682 (37.5,91.4) <001% 0.09
<18 years, according to CKD-
EPI for >18 years)
Acute kidney damage**

D 76 (29.2%) 15 (32.6%) 12 (243%) 19 (46.4%)
of them with proteinuria >3.5 0 0.02¢ 0.19

45 12 26 8

glday
Proteinuria, g/day 3.5 (2.00, 5.5) 1(04%) | 360 (185506) | 3.55(2.00,548) 32 (179, 492) 0.26 054
Nephrotic syndrome, n (%) 83 (31.9%) 1(0.4%) 12 (26.1%) 60 (34.7%) 11 (26.8%) 043 093
Isolated urinary abnormalities 101 (38.9%) 0 19 (41.3%) 71 (41.0%) 11 (26.8%) 0.22 0.15
Red blood cells at urinary 1 (0.4%)
sediment analysis (n 13 (5, 40) 15 (5, 45) 12 (45, 37.5) 15 (35, 30) 0.04* 0.39
°/HPF 400rpm)
Arterial hypertension, n (%) 131 (50.4%) 1 (0.4%) 19 (41.3%) 80 (46.2%) 32 (78%) <0.01* <0.01*

Immunological and clinical SLE manifestations at LN diagnosis

C3, mg/dl 58.0 (46, 78) 12 (4.6%) 55 (34.75, 80) 56 (46, 73) 68 (50, 83) <0.01* 0.08

C4, mg/dl 10 (6, 14) 13 (5%) 8 (4,13.5) 10 (6, 14) 10 (5, 18) <0.01* 0.08

Ant.il?}xlospholipid antibodies 61 (23.5%) 20 (7.8%) 15 (32.6%) 37 (21.4%) 9 (22%) 027 027

positivity, n (%)

Anti SSA positivity, n (%) 83 (31.9%) 40 (15.4%) 7 (15.2%) 55 (31.8%) 21 (51.2%) <0.01* <0.01*
Anti SM positivity, n (%) 47 (18.1%) 39 (15%) 10 (21.7%) 29 (16.8%) 8 (19.5%) 0.71 0.80

Anti RNP positivity, n (%) 54 (20.8%) 40 (15.4%) 8 (17.4%) 37 (21.4%) 9 (22%) 0.82 0.59

Fever, n (%) 130 (50.0%) 5 (1.9%) 32 (69.6%) 86 (49.7%) 12 (29.3%) <0.01* <0.01*
Arthralgia, n (%) 200 (76.9%) 4 (1.5%) 35 (76.1%) 131 (72.7%) 34 (82.9%) 0.61 043

Lymphadenopathy, n (%) 43 (16.5%) 6 (2.3%) 6 (13%) 29 (16.8%) 8 (19.5%) 0.71 0.41

Skin manifestations, n (%) 159 (61.2%) 4 (1.5%) 30 (65.2%) 108 (62.4%) 21 (51.2%) 0.34 0.19

Serositis, n (%) 67 (25.8%) 4 (1.5%) 10 (21.7%) 48 (27.7%) 9 (22%) 0.59 0.98

SLEDAI 15 (10.75, 18) 4 (1.5%) 14 (9,19) 15 (11, 18) 14 (12, 18) 0.02* 0.79

SDI 0(0, 1) 4 (1.5%) 0(0,0.25) 0(0,1) 0(0,1) 1 0.01*

Histopathological classes, activity, and chronicity index at kidney biopsy

Class I/II/V/V+IL n (%) 58 (23.5%) 13 (5%) 11 (23.9%) 39 (24.1%) 8 (20.5%) 0.89 0.70
Class ITI/IV and mixed, n (%) 188 76.1%) 13 (5%) 35 (76.1%) 122 (75.3%) 31 (79.5%) 0.85 0.70
Class VI, n (%) 1 (0.4%) 13 (5%) 0 1 (0.6%) 0 / 1
Activity index 6(3,9) 60 (23%) 6(2,8) 5(3,9.75) 6(4,9) 0.02* 0.56
Chronicity index 1(0,3) 60 (23%) 1(0,2) 1(0,3) 3(1,4) 0.5 <0.01%

Immunosuppressive therapy induction

Methylprednisolone pulses,

i 215 (82.7%) 0 38 (82.6%) 139 (80.3%) 38 (92.7%) 0.17 0.15
f‘“zz;’""s“ppms've therepy 219 (84.2%) Ll 39 (84.8%) 142 (82.1%) 38 (92.7%) 0.24 025
Cyclophosphamide, n (%) 116 (44.6%) 1(0.4%) 22 (47.8%) 77 (44.5%) 17 (41.4%) 0.83 055
Azathioprine, n (%) 26 (10%) 1(0.4%) 7 (152%) 15 (8.7%) 4(98%) 0.42 0.44
Mycophenolate mofetil, n (%) 53 (204%) 1(0.4%) 6 (13.0%) 34 (19.7%) 13 (31.7%) 0.90 0.04%
Cyclosporine, n (%) 12 (4.6%) 1(0.4%) 3(65%) 8 (4.6%) 1(24%) 0.66 0.36
Rituximab, n (%) 11 (4.2%) 1(0.4%) 1(22%) 7 (4%) 3(7.3%) 0.48 025
Immunosuppressive maintenance therapy

I"zf_z:mosu}’ pressive:therdpy, 167 (64.2%) L% 28 (60.9%) 109 (63%) 30 (73.2%) 0.41 022
n

Azathioprine, n (%) 53 (204%) 1(0.4%) 10 (21.7%) 35 (20.2%) 8 (19.5%) 0.96 0.80
Mycophenolate mofetil, n (%) 95 (36.5%) 1(0.4%) 14 (30.4%) 60 (34.7%) 21 (51.2%) 0.09 0.05*
Cyclosporine, n (%) 18 (6.9%) 1 (0.4%) 4 (8.7%) 13 (7.5%) 1 (2.4%) 0.45 0.21

n°, number; pts, patients; SLE, systemic lupus erythematosus; LN, lupus nephritis; eGFR, estimated glomerular filtration rate; SLEDAL, systemic lupus erythematosus disease activity index; SDI,
SLICC Damage Index; SLICC, systemic lupus international collaborating clinics American College of Rheumatology Damage index. If not differently specified data are expressed as median (first
and third quartile).

*P refers to T-test for continuous measurements between the first and third age class, Kruskal-Wallis H test for continuous measurements among the three classes, and to Chi-squared test for
discrete measurements, with P<0.05.

**Acute kidney damage: eGER <60 ml/min/1.73/m? for <3 months, hematuria (urinary red blood cells >20/high-power field [HPF]), and/or erythrocyte casts, proteinuria 20.5 g/day (Levey AS,
Eckardt KU, Dorman NM, et al. Nomenclature for kidney function and disease: report of a Kidney Disease: Improving Global Outcomes (KDIGO) Consensus Conference. Kidney Int 2020;
97:1117-29).
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AKD * 1.080 0.327
Chronicity index 0.128 0.054
Arterial hypenension 0.981 0.368
No remission at 1 year 1.555 0.382

*AKD= ¢GFR <60 ml/min/1.73/m” for <3 months, hematuria (urinary red blood cells >10/high-power field [HPE]), and/or erythrocyte casts, proteinuria 20.5 g/day.
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