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Abstract: Background/Objectives: Lupus nephritis (LN) is one of the most severe organ manifes-
tations of systemic lupus erythematosus (SLE). The aim of our retrospective cohort study was to
compare the clinical characteristics, therapy, survival, causes of death, and prognostic factors of LN
and non-LN lupus patients. Moreover, we compared a wide spectrum of clinical data of LN patients
diagnosed before and since 2005 to determine any changes in disease course and outcomes. Methods:
We assessed the clinical and laboratory data of 384 SLE patients, out of whom, 127 patients were
diagnosed with LN between 1990 and 2020. Results: Based on our observations, discoid LE, subacute
cutaneous LE, antiphospholipid syndrome, Sjögren’s syndrome, and rheumatoid arthritis were more
common in non-LN patients, while anemia and anti-RNP positivity were more frequent in LN pa-
tients. Development of LN did not affect survival rates; male sex and presence of APS were negative
prognostic parameters in the non-LN group while achieving remission was a positive prognostic
factor in both groups. Death caused by sepsis was more prevalent in the LN group. Serositis and
neurological manifestations occurred less frequently in LN patients diagnosed after 2005. The use of
mycophenolate mofetil became more common, and the cumulative corticosteroid dose decreased.
The SLICC Damage Index score also decreased. Conclusions: Our study demonstrated that the
disease course has changed in recent years, and the main therapeutic goal in both SLE and lupus
nephritis should be to achieve remission because this significantly improves long-term prognosis and
patient survival.

Keywords: SLE; lupus nephritis; survival; remission; low disease activity

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic systemic autoimmune disease that
affects multiple organs. The disease is characterized by the loss of self-tolerance with the
activation of autoreactive T and B cells and the production of pathogenic autoantibodies
against self-antigens. One of the most important steps in pathogenesis is the formation of
immunocomplexes and their deposition in various tissues and organs. Immunocomplex
deposition in kidney glomeruli is associated with lupus nephritis (LN), which is considered
one of the most severe organ manifestations [1]. The prevalence of LN among SLE patients is
about 35%, but according to literature data, it ranges from 12–69% in different populations.
It is more common and more severe in Asian, African, and Hispanic SLE patients [2].
The development of end-stage renal failure is more common in SLE patients with kidney
involvement, and the mortality rate is 5–8 times higher than in the average population [3–5].
LN usually appears in the first five years of SLE but may develop later. However, it can
also be the first manifestation of SLE [1]. Several workgroups have confirmed that LN is
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more common in male patients and juvenile SLE, as our workgroup also found [6–11]. The
clinical presentation is heterogeneous, it can be a subclinical form with only laboratory
abnormalities, but it can also appear in the form of nephrosis, nephritis, or acute kidney
failure [1]. Renal biopsy is the cornerstone of LN diagnosis, which is also taken into
account by the EULAR/ACR classification criteria for SLE. ANA positivity and Biopsy-
proven class III or IV LN are sufficient to establish the diagnosis of SLE. The histological
type of LN, the activity score, and the damage index can be determined with histological
examination. Renal biopsy helps exclude other renal diseases or may confirm, for example,
the co-occurrence of associated thrombotic microangiopathy (TMA) [12,13]. Renal biopsy
is recommended in all SLE patients with persistent proteinuria exceeding 0.5 g per day,
especially if this is accompanied by hematuria and/or the presence of cellular cylinders
in the urine sediment. It should also be considered in cases where active urine sediment
or chronic renal failure develops and this cannot be explained by other reasons [13]. The
histological classification is based on the ISN/RPS 2003 classification of LN, which was
updated in 2018 [14,15]. The histological type determines the course of treatment, and can
also indicate the prognosis of the disease. There are several international guidelines that
help in the induction and maintenance treatment of lupus nephritis [13,16,17]. In the last
decade, the use of mycophenolate mofetil (MMF) has become more and more common
in both induction and maintenance treatments. Targeted therapeutic options have also
appeared. Belimumab became a registered drug for the treatment of LN and rituximab
can also be used in severe cases [18,19]. Voclosporin, which is a novel calcineurin inhibitor
(CNI), has also been approved for treating LN, and several other targeted therapies are
under development [20–22]. Thanks to all of this, the therapeutic options for LN patients
are constantly improving. Significant therapeutic advances have also been made in non-
renal SLE. New effective guidelines help the treatments, additionally, a new targeted
therapy, anifrolumab, has also been approved for the treatment of SLE [17,23,24]. The
aim of treatment is low disease activity or remission [25,26]. The main therapeutic goal
is to achieve remission and to minimize the corticosteroid dose or completely stop using
corticosteroids. This way chronic organ damage may be decreased [27–29].

Several working groups consider lupus nephritis to be a negative prognostic factor in
lupus [30]. However, the diagnostic and therapeutic options have also changed in recent
decades; therefore, our objective was to examine the occurrence and characteristics of
LN among SLE patients who were diagnosed after 1990 and received a regular follow-up
since then at one of the largest Hungarian autoimmune centers. We compared the clinical
characteristics, therapy, survival, causes of death, and prognostic factors of LN and non-
LN lupus patients. Furthermore, in order to shed light on the achievements of the last
decades, we compared a wide spectrum of clinical data as well as treatment modalities
of LN patients diagnosed before and since 2005 and determined any changes in disease
course and outcomes.

2. Methodology
2.1. Study Population

In our retrospective cohort study, we assessed the data of 384 Hungarian patients who
were diagnosed with SLE between 1990 and 2020 and followed up regularly at the Division
of Clinical Immunology (Faculty of Medicine, University of Debrecen), which is one of the
largest tertiary referral centers in Hungary for systemic autoimmune diseases.

The diagnosis of SLE was established on the American College of Rheumatology
(ACR) classification criteria (1982 and 1997) or SLICC (2012) criteria, according to the date
of diagnosis [31–33]. Patients diagnosed with SLE before 2012 were revised according to the
SLICC criteria for SLE; additionally, all SLE patients enrolled in the present study fulfilled
the EULAR/ACR 2019 classification criteria for lupus [34]. The diagnosis of APS was based
on the Sapporo (1999) or Sydney criteria (2006); patients diagnosed with APS before 2006
were revised according to the Sydney criteria [35,36]; moreover, they all met the criteria of
the 2023 ACR/EULAR APS classification criteria as well [37]. The study was conducted in
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accordance with the Declaration of Helsinki, and approved by the Ethics Committee of our
University (protocol number: 4879-2017) and the Policy Administration Services of Public
Health of the Government Office (protocol number: 1660-4/2018).

2.2. Clinical and Laboratory Evaluation

All patients included in the study received therapy and regular follow-up care at
our autoimmune center throughout the studied period, no patients were excluded due to
missing data or lost to follow-up. Their medical records contained detailed information on
medical history and treatments as well as clinical symptoms, physical conditions, and labo-
ratory and other findings of each visit. The following demographic and clinical data were
analyzed: sex, age, age at diagnosis, disease duration, histological class of lupus nephritis,
clinical symptoms and laboratory results, immunoserological abnormalities, and applied
treatments during the disease course. All LN patients underwent renal biopsies, which
were performed at the Department of Nephrology (Institute of Internal Medicine, Faculty
of Medicine, University of Debrecen), and the kidney biopsy samples were evaluated at
the Department of Pathology (Faculty of Medicine, University of Debrecen). We used the
current WHO classification system, ISN/RPS2003, ISN/RPS2018 for histological descrip-
tion [14,15,38]. Chronic renal failure was defined as GFR < 60 for at least 3 consecutive
months and no improvement thereafter [39]. End-stage renal disease (ESRD) was defined
when renal dialysis or renal transplantation was required. We determined the chronic
organ damage of SLE with the SLICC Damage Index (SDI) [40]. The definitions of low
disease activity and remission were based on international recommendations [25,26].

Immune serological parameters were determined from serum samples. The presence
of antinuclear antibodies (ANA) and antineutrophil cytoplasmic antibodies (ANCA) was
detected by an indirect immunofluorescence method. Enzyme-linked immunosorbent assay
(ELISA) was used for the detection of the following antibodies: anti-dsDNA, anti-SS-A,
anti-SS-B, anti-RNP, and anti-Sm, as well as antiphospholipid antibodies including anti-
cardiolipin (aCL) IgG/IgA/IgM and anti-ß2GPI IgG/IgA/IgM antibodies. All laboratory
measurements, including routine laboratory tests such as whole blood count, ions, kidney-
and-liver function, and lipid panel, were performed at the Department of Laboratory
Medicine, Faculty of Medicine, University of Debrecen.

2.3. Statistical Analysis

Statistical analysis was performed using SPSS Statistics for Windows, Version 28.0
(IBM Corporation, Armonk, NY, USA) and GraphPad Prism version 9.5 for Windows
(GraphPad Software, San Diego, CA, USA). Values are expressed as mean and standard
deviation (SD) or median with interquartile range (IQR) for continuous variables, and
frequency with percentage for categorical variables. Continuous variables were compared
with parametric Student’s t-test for two samples or with the nonparametric Mann–Whitney
U test. Categorical variables were compared with Pearson’s chi-squared test or Fisher’s
exact test. Kaplan–Meier analysis was used to estimate survival from the diagnosis and log-
rank test was used to compare the survival curves. Significant variables on log-rank tests
were further evaluated with univariate Cox proportional hazards regression models with
estimation of hazard ratios (HR). Receiver operating characteristic (ROC) curve analysis
was used to determine the optimal cut-off value for SDI as a prognostic factor for mortality.
All statistical tests were two-sided, differences were considered statistically significant at
<0.05 level and reported using p-values and/or 95% confidence intervals (95% CI).

3. Results
3.1. Demographic Characteristics

The population of our retrospective study consisted of 384 Hungarian SLE patients,
of whom 339 (88.3%) were women and 45 (11.7%) were men. Their mean age at the
time of data collection was 50.8 ± 13.4 years, their age at the time of SLE diagnosis was
33.3 ± 11.9 years, and the average duration of disease was 17.5 ± 8.0 years. Among the
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examined patients, 127 (33.1%) had lupus nephritis, while 257 patients (69.9%) did not have
LN. Table 1 shows the demographic data of the patients.

Table 1. Demographic characteristics of SLE patients with and without LN.

LN (n = 127) Non-LN (n = 257) p-Value

Sex (female) 114 (89.8) 225 (87.5) 0.525
Age, years 45.3 ± 11.6 53.5 ± 13.4 <0.001
Age onset SLE, years 28.4 ± 9.9 35.7 ± 12.1 <0.001
Duration of disease, years 16.9 ± 8.1 17.8 ± 8 0.319

Values are presented as number (%) and mean ± SD, p-values are calculated by Pearson’s chi-squared test
and Student’s t-test for two samples. Bold indicates statistically significant (p < 0.05) result. Abbreviations:
SLE, systemic lupus erythematosus; n, number of patients; LN, lupus nephritis; non-LN, SLE patients without
lupus nephritis.

Patients with LN were significantly younger at the time of both the SLE diagnosis and
the data collection. The women-to-men ratio was the same in both groups; of note, LN was
not more prevalent in male patients.

3.2. Clinical Characteristics and Laboratory Findings of LN and Non-LN Patients

We compared the clinical characteristics and laboratory findings of LN and non-LN
patients (Table 2).

Table 2. Comparison of clinical manifestations and positive laboratory findings between patients
with and without LN.

LN (n = 127) Non-LN (n = 257) p-Value

Clinical manifestations
Mucocutan

Livedo reticularis 11 (8.7) 19 (7.4) 0.663
Acute skin lesions 53 (41.7) 93 (36.2) 0.292
DLE 6 (4.7) 47 (18.3) <0.001
SCLE 7 (5.5) 37 (14.4) 0.010
Alopecia 38 (29.9) 59 (23) 0.140
Photosensitivity 29 (22.8) 79 (30.7) 0.105
Mucous ulcer 16 (12.6) 20 (7.8) 0.128

Serositis
Pleuritis 32 (25.2) 63 (24.5) 0.884
Pericarditis 25 (19.7) 43 (16.7) 0.476

Neuropsychiatric
CNS manifestations 25 (19.7) 67 (26.1) 0.168
PNS manifestations 10 (7.9) 30 (11.7) 0.252
Psychiatric manifestations 25 (19.7) 45 (17.5) 0.603

Cardiovascular
APS 21 (16.5) 66 (25.7) 0.044
DVT 17 (13.4) 56 (21.8) 0.048
PE 4 (3.1) 11 (4.3) 0.781
AMI 3 (2.4) 3 (1.2) 0.402
Stroke 8 (6.3) 24 (9.3) 0.311
Obliterative arteriopathy 1 (0.8) 1 (0.4) 0.553
Valvulopathy 25 (19.7) 56 (21.8) 0.634

Others
Polyarthritis 111 (87.4) 209 (81.3) 0.133
Spontaneous abortion (n = 339) 20 (17.5) 36 (16) 0.718

Associated autoimmune diseases
RA 13 (10.2) 54 (21) 0.009
SS 5 (3.9) 29 (11.3) 0.017
PSS 2 (1.6) 0 (0) 0.109
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Table 2. Cont.

LN (n = 127) Non-LN (n = 257) p-Value

SDI 1 (0–2) 1 (0–2) 0.782

Laboratory findings
Thrombocytopenia 58 (45.7) 92 (35.8) 0.062
Leukopaenia 97 (76.4) 175 (68.1) 0.093
Anaemia 110 (86.6) 172 (66.9) <0.001
Anti ß2-GP-1 67 (52.8) 127 (49.4) 0.538
Anti-CL 83 (65.4) 152 (59.1) 0.240
LA 23 (18.1) 54 (21) 0.504
ANA 113 (89) 212 (82.5) 0.097
Anti-dsDNA 120 (94.5) 228 (88.7) 0.068
Anti-Sm 52 (40.9) 85 (33.1) 0.130
Anti-RNP 46 (36.2) 68 (26.5) 0.049
Anti-SS-A (Ro) 77 (60.6) 168 (65.4) 0.363
Anti-SS-B (La) 51 (40.2) 119 (46.3) 0.254
ANCA 17 (13.4) 25 (9.7) 0.280
Cryoglobulin 7 (5.5) 6 (2.3) 0.134
Coombs test positivity 20 (15.7) 25 (9.7) 0.084

Values are presented as number (%), p-values are calculated by Pearson’s chi-squared and Fisher’s exact test. Bold
indicates statistically significant (p < 0.05) result. Abbreviations: n, number of patients; LN, lupus nephritis; non-
LN, SLE patients without lupus nephritis; DLE, discoid lupus erythematosus; SCLE, subacute cutaneous lupus
erythematosus; CNS, central nervous system; PNS, peripheral nervous system; APS, antiphospholipid syndrome;
DVT, deep vein thrombosis; PE, pulmonary embolism; AMI, acute myocardial infarction; RA, rheumatoid arthritis;
SS, Sjögren’s syndrome; PSS, progressive systemic sclerosis; SDI, SLICC/ACR Damage Index; anti-ß2GPI, anti-β2-
glycoprotein-1 antibody; anti-CL, anticardiolipin antibody; LA, lupus anticoagulant; ANA, antinuclear antibodies;
anti-dsDNA, anti-double-stranded DNA; anti-Sm, anti-Smith antibody; anti-RNP, anti-ribonucleoprotein antibody;
anti-SS-A, anti-Sjögren’s-syndrome-related antigen A autoantibody; anti-SS-B, anti-Sjögren’s-syndrome-related
antigen B autoantibody; ANCA, antineutrophil cytoplasmic antibody.

Among the clinical symptoms and associated diseases, subacute cutaneous lupus
erythematosus (SCLE), discoid lupus erythematosus (DLE), secondary APS, Sjögren’s
syndrome, and rheumatoid arthritis were significantly more common in the non-LN group.
Regarding laboratory results, LN patients were affected by anemia and anti-RNP positivity
significantly more frequently. We did not find any other significant difference in clinical or
laboratory parameters between the two groups.

3.3. Treatment Modalities for LN and Non-LN Patients

When comparing the treatment of SLE, we found that corticosteroids, azathioprine,
cyclophosphamide, mycophenolate mofetil, and rituximab were used significantly more
frequently in LN patients. Conversely, the use of chloroquine and methotrexate was
significantly more common in non-LN patients. The percentages of LLDAS patients and
remission rates did not differ between the patient groups (Table 3).

Table 3. Comparison of the treatments and the treatment effects on patients with and without LN.

LN (n = 127) Non-LN (n = 257) p-Value

Corticosteroid 127 (100) 239 (93) 0.002
Corticosteroid (currently) 81 (63.8) 148 (57.6) 0.245
CD of corticosteroid,
mg/kg

16,060
(7300–32,120)

15,330
(5840–29,200) 0.255

Chloroquine 60 (47.2) 161 (62.6) 0.004
Azathioprine 96 (75.6) 107 (41.6) <0.001
Mycophenolate mofetil 52 (40.9) 7 (2.7) <0.001
Cyclophosphamide 103 (81.1) 53 (20.6) <0.001
Methotrexate 12 (9.4) 60 (23.3) 0.001
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Table 3. Cont.

LN (n = 127) Non-LN (n = 257) p-Value

Cyclosporin A 13 (10.2) 35 (13.6) 0.346
Plasmapheresis 26 (20.5) 35 (13.6) 0.084
Rituximab 18 (14.2) 9 (3.5) <0.001

LLDAS 23 (18.1) 43 (16.7) 0.736

Remission 22 (17.3) 54 (21) 0.393
Values are presented as number (%) and median with IQR, p-values are calculated by Pearson’s chi-squared or and
Mann–Whitney U. Bold indicates statistically significant (p < 0.05) result. Abbreviations: n, number of patients;
LN, lupus nephritis; non-LN, SLE patients without lupus nephritis; CD, cumulative dose; LLDAS, lupus low
disease activity state.

3.4. Survival Rates and Causes of Death

We compared the survival of LN and non-LN patients (Figure 1).
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viations: SLE, systemic lupus erythematosus; LN, lupus nephritis; non-LN, SLE patients without
lupus nephritis.

The 5-, 10-, 15-, 20-, 25- and 30-year survival rates in the LN group were 97.6%, 94.9%,
87.3%, 84.3%, 78.9%, and 75.3%, respectively. The 5-, 10-, 15-, 20-, 25- and 30-year survival
rates in the non-LN group were 99.6%, 96.6%, 92.7%, 87.8%, 83.4%, and 83.4%, respectively.
The mean survival time was 28.2 years (95% CI 26.6–29.8) in the LN group and 29.3 years
(95% CI 28.4–30.3) in the non-LN group. We did not find a significant difference in survival
between the two groups (p = 0.232).

Forty-five deaths (11.7%) occurred in the entire patient group. A total of 13 (28.9%)
patients died of cardiovascular events and 12 (26.7%) due to some kind of infection. We
lost 11 (24.4%) patients due to malignancy and 6 (13.3%) due to severe fulminant sepsis,
while 3 (6.7%) died of other causes. There were 18 deaths in the LN group, mainly due to
cardiovascular events (n = 5, 27.8%) and sepsis (n = 5, 27.8%), the latter was significantly
more common in this group compared to the non-LN group. We observed 27 cases of death
in the non-LN group; the most common causes were cardiovascular events (n = 8, 29.6%),
and malignancies (n = 8, 29.6%) (Table 4).
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Table 4. Comparison of causes of death between patients with and without LN.

LN (n = 18) Non-LN (n = 27) p-Value

CV 5 (27.8) 8 (29.6) 0.893
Infection 3 (16.7) 9 (33.3) 0.308
Sepsis 5 (27.8) 1 (3.7) 0.031
Tumor 3 (16.7) 8 (29.6) 0.482
Other a 2 (11.1) 1 (3.7) 0.562

Values are presented as number (%), p-values are calculated by Pearson’s chi-squared and Fisher’s exact test. Bold
indicates statistically significant (p < 0.05) result. a Other causes of death included suicide (n = 1) and underlying
disease (n = 2). Abbreviations: n, number of patients; LN, lupus nephritis; non-LN, SLE patients without lupus
nephritis; CV, cardiovascular.

We looked for factors that could determine the survival rates of patients. In the LN
group, there was no significant difference between the sexes in survival (p = 0.051). There
were 14/114 (12.3%) deaths among women and 4/13 (30.8%) among men. In the non-LN
group, a significant difference was observed between the survival of women and men
(p < 0.001). There were 17/225 (7.6%) deaths among women and 10/32 (30.8%) among men.
Based on the result from the univariate Cox regression, the prognosis of men in the non-LN
group is worse, compared to women; the hazard ratio (HR) is 5.43 (95% CI 2.47–11.92,
p < 0.001) (Figure 2).
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In the LN group, there was no significant difference between the age at SLE onset
groups in survival (p = 0.454). There were 1/16 (6.3%) deaths among the <18 years group,
17/109 (15.6%) deaths among the 18–50 years group, and 0/2 (0%) deaths among >50 years
group. In the non-LN group, there was no significant difference between the age at SLE
onset groups in survival (p = 0.920). There were 2/15 (13.3%) deaths among the <18 years
group, 23/216 (10.6%) deaths among the 18–50 years group, and 2/26 (7.7%) deaths among
the >50 years group.

Regarding the effect of achieving lupus low disease activity state (LLDAS) on survival,
we found that patients with LLDAS had significantly better survival in the LN group
(p = 0.038). Death in patients who achieved LLDAS was 1/23 (4.3%), while in patients
who did not achieve LLDAS, it was 17/82 (20.7%). In the non-LN group, LLDAS did not
significantly affect survival (p = 0.131). Death in patients who achieved LLDAS was 3/43
(7.0%), while in patients who did not achieve LLDAS, it was 24/160 (15.0%) (Figure 3).
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The survival of patients in remission was significantly better in both patient groups
(LN: p = 0.014; non-LN: p = 0.002). In the case of patients who did not achieve remission,
there were 17/82 (20.7%) deaths in the LN group, while 24/160 (15.0%) in the non-LN
group. In patients who achieved clinical or complete remission, there were no deaths in
either group (Figure 4).
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Regarding the clinical manifestations, we found no significant difference in the LN
group between the patients with or without APS in survival (p = 0.185). There were 5/21
(23.8%) deaths among patients with APS and 13/106 (12.3%) among patients without APS.
In the non-LN group, a significant difference was observed between the survival of patients
with and without APS (p = 0.003). There were 13/66 (19.7%) deaths among patients with
APS and 14/191 (7.3%) among patients without APS (Figure 5).

In the LN group, there was no significant difference between the patients with or
without CNS manifestations in survival (p = 0.583). There were 5/25 (20%) deaths among
patients with CNS manifestations and 13/102 (12.7%) among patients without CNS mani-
festations. In the non-LN group, there was no significant difference between the survival
of patients with and without CNS manifestations (p = 0.883). There were 9/67 (13.4%)
deaths among patients with CNS manifestations and 18/190 (9.5%) among patients without
CNS manifestations.
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We also examined the SDI’s impact on survival. Based on the ROC analysis, the SDI’s
optimal cut-off value was 2 points in both groups; the area under the curve (AUC) in the
LN group was 0.655 (p = 0.036, 95% CI 0.51–0.80, cut-off value: 2 points), while 0.807 in the
non-LN group (p < 0.001, 95% CI 0.74–0.88, cut-off value: 2 points) (Figure 6).
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and non-LN (B) group. Solid blue line: ROC curve; dotted line: chance diagonal (AUC 0.5). Based on
the ROC analysis, the SDI’s optimal cut-off value was 2 points in both groups. Abbreviations: ROC,
receiver operating characteristic analysis; LN, lupus nephritis; non-LN, SLE patients without lupus
nephritis; AUC, area under the curve; 95% CI, 95% confidence interval.

SDI did not affect the survival in the LN group (p = 0.347). Conversely, in the non-
LN group, SDI had a significant effect on survival (p = 0.004). Based on the result from
univariate Cox regression, the survival of those with more than 2 points in the non-LN
group was significantly worse compared to those with fewer points (HR = 2.93 [95% CI
1.37–6.28]; p = 0.006) (Figure 7).
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3.5. Differences between LN Patients Diagnosed before 2005 or since 2005

In the second part of the research, we were interested in whether certain histological
types of LN, the clinical characteristics of patients, or the shad changed. Therefore, we
divided LN patients into two groups and compared the aforementioned data of LN patients
diagnosed before and since 2005. The follow-up data of patients diagnosed before 2005
were then only taken into account until 2005 so that the comparison between the two
patient groups would be proportional. We observed no difference in the frequency of
certain histological types before and after 2005 in our LN cohort (Table 5).

Table 5. Kidney biopsy findings between patients of LN group (n = 127) diagnosed with SLE before
(n = 44) and since (n = 83) 2005.

LN
(n = 127) Before 2005 (n = 44) Since 2005 (n = 83) p-Value

Class I-II 7 (5.5) 4 (9.1) 3 (3.6) 0.234
Class III 13 (10.2) 4 (9.1) 9 (10.8) 1.000
Class IV 74 (58.3) 26 (59.1) 48 (57.8) 0.891
Class V 20 (15.7) 7 (15.9) 13 (15.7) 0.971
Mixed class 11 (8.7) 2 (4.5) 9 (10.8) 0.327

Class I–II + Class III 1 (9.1) 1 (50) 0 (0)
Class I–II + Class IV 1 (9.1) 0 (0) 1 (11.1)
Class I–II + Class V 1 (9.1) 0 (0) 1 (11.1)
Class III + Class IV 2 (18.2) 1 (50) 1 (11.1)
Class III + Class V 5 (45.5) 0 (0) 5 (55.6)
Class IV + Class V 1 (9.1) 0 (0) 1 (11.1)

Not classified 2 (1.6) 1 (2.3) 1 (1.2) 1.000

Values are presented as number (%), p-values are calculated by Pearson’s chi-squared test. Abbreviations: n,
number of patients; LN, lupus nephritis.

Based on our results, the prevalence of many clinical manifestations of SLE has de-
creased in the last 15 years compared to before. Raynaud’s phenomenon, DLE, pleuritis,
pericarditis, central nervous system, and psychiatric manifestations as well as stroke be-
came significantly less prevalent. The frequencies of chronic kidney disease and end-stage
renal disease also showed a decreasing trend, although the differences were not significant.
The SDI of patients improved significantly in the past 15 years. There have also been
changes regarding the prescribed medicines. The use of cyclophosphamide significantly de-
creased, while the use of mycophenolate mofetil, chloroquine, and rituximab significantly
increased. At the same time, the cumulative corticosteroid dose was significantly reduced
(Table 6).
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Table 6. Changes in clinical manifestations and treatments between patients of LN group diagnosed
with SLE before and since 2005.

Before 2005 (n = 44) Since 2005 (n = 83) p-Value
Clinical manifestations
Mucocutan

Livedo reticularis 4 (9.1) 7 (8.4) 1.000
Acute skin lesions 21 (47.7) 32 (38.6) 0.319
DLE 5 (11.4) 1 (1.2) 0.019
SCLE 3 (6.8) 4 (4.8) 0.693
Alopecia 14 (31.8) 24 (28.9) 0.734
Photosensitivity 10 (22.7) 19 (22.9) 0.983
Mucous ulcer 4 (9.1) 12 (14.5) 0.386

Serositis
Pleuritis 17 (38.6) 15 (18.1) 0.011
Pericarditis 15 (34.1) 10 (12) 0.003

Neuropsychiatric
CNS manifestations 14 (31.8) 11 (13.3) 0.012
PNS manifestations 4 (9.1) 6 (7.2) 0.737
Psychiatric manifestations 13 (29.5) 12 (14.5) 0.042

Cardiovascular
APS 9 (20.5) 12 (14.5) 0.387
DVT 5 (11.4) 12 (14.5) 0.626
PE 1 (2.3) 3 (3.6) 1.000
AMI 2 (4.5) 1 (1.2) 0.275
Stroke 6 (13.6) 2 (2.4) 0.020
Obliterative arteriopathy 0 (0) 1 (1.2) 1.000
Valvulopathy 9 (20.5) 16 (19.3) 0.874

Renal
CKD 15 (34.1) 20 (24.1) 0.230
ESRD 6 (13.6) 6 (7.2) 0.339
Others
Raynaud-syndrome 21 (47.7) 24 (28.9) 0.035
Polyarthritis 41 (93.2) 70 (84.3) 0.153
Spontaneous abortion (n = 114) 7 (17.9) 13 (17.3) 0.935

Associated autoimmune diseases
RA 4 (9.1) 9 (16.9) 1.000
SS 0 (0) 5 (6) 0.163
PSS 0 (0) 2 (2.4) 0.544

SDI 1 (0–3) 0 (0–1) 0.001
Treatments

Corticosteroid (currently) 26 (59.1) 55 (66.3) 0.423

CD of corticosteroid, mg/kg 26,280
(18,250–42,340)

11,680
(5840–24,090) <0.001

Chloroquine 12 (27.3) 48 (57.8) 0.001
Azathioprine 36 (81.8) 60 (72.3) 0.234

Maintenance Therapy 33 (75) 48 (57.8) 0.055
Mycophenolate mofetil

Induction Therapy 5 (11.4) 47 (56.6) <0.001
Maintenance Therapy 2 (4.5) 33 (39.8) <0.001

Cyclophosphamide 40 (90.9) 63 (75.9) 0.040
Methotrexate 5 (11.4) 7 (8.4) 0.751
Cyclosporin A 6 (13.6) 7 (8.4) 0.751
Plasmapheresis 10 (22.7) 16 (19.3) 0.647
Rituximab 1 (2.3) 17 (20.5) 0.005
Belimumab 2 (4.5) 6 (7.2) 0.713

Values are presented as number (%) and median with IQR, p-values are calculated by Pearson’s chi-squared or
Fisher’s exact test and Mann–Whitney U test. Bold indicates statistically significant (p < 0.05) result. Abbreviations:
SLE, systemic lupus erythematosus; n, number of patients; DLE, discoid lupus erythematosus; SCLE, subacute
cutaneous lupus; CNS, central nervous system; PNS, peripheral nervous system; APS, antiphospholipid syndrome;
DVT, deep vein thrombosis; PE, pulmonary embolism; AMI, acute myocardial infarction; CKD, chronic kidney
disease; ESRD, end-stage renal disease; RA, rheumatoid arthritis; SS, Sjögren’s syndrome; PSS, progressive
systemic sclerosis; SDI, SLICC/ACR Damage Index; CD, cumulative dose.
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The 5-, 10-, and 15-year survival rates in the group of LN patients diagnosed before
2005 were 97.7%, 88.6%, and 84.1%, respectively; 7/44 (15.9%) patients died during the
period of observation. The 5-, 10-, and 15-year survival rates among LN patients diagnosed
since 2005 group were 93.6%, 91.5%, and 88.8%, respectively; 7/83 patients (8.4%) died
during the period of observation. We did not find a significant difference in survival
between the two groups (p = 0.721) (Figure 8).
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4. Discussion

Lupus nephritis is a clinical manifestation that fundamentally influences the prognosis
of SLE. LN can develop at any time during the course of the disease; nevertheless, its
development most often occurs in the first 3–5 years of SLE, and sometimes LN can be one
of the first symptoms of lupus [1]. The prevalence and severity of LN show geographic and
ethnic variety. It may vary within the white population, as Greek researchers found an LN
prevalence of 20.3% among 555 SLE patients, while the Spanish RELESSER registry with
more than 4000 SLE patients’ data showed an LN prevalence similar to our results, in which
almost one-third of SLE patients were affected [41,42]. Studies from other countries of the
world showed an even higher LN prevalence. An Iranian study with a large number of
SLE patients revealed a prevalence of 68.1%, Chinese authors reported 49–58% prevalence,
while Columbian research found a 51% prevalence [43–45]. In most studies, the group of
lupus patients with LN was significantly younger both at the time of diagnosis and at the
time of data collection [45].

We compared the clinical characteristics of SLE patients between LN and non-LN
patient groups. We found that the prevalence of SCLE and DLE are higher in the non-LN
group, in which other systemic autoimmune diseases are also more common, such as
secondary APS, Sjögren’s syndrome, and rheumatoid arthritis. Among our patients with
lupus nephritis, only anemia was observed to be more common; hematological manifes-
tations also occurred more frequently in Spanish LN patients. The Iranian workgroup
found photosensitivity, malar rash, and central nervous system symptoms to be more com-
mon among LN patients, while polyarthritis and autoimmune hemolytic anemia occurred
mostly among non-lupus-nephritis patients [43]. Based on data from the Spanish registry,
serositis, skin symptoms, neurological manifestations, pulmonary involvement, and hema-
tological diseases are associated more commonly with LN [44]. We could not confirm
these findings, and contrary to the Spanish data, the association of APS was more common
in non-LN Hungarian patients. Colombian authors also reported a higher prevalence of
hypertension and pleurisy in LN patients; they also found anti-DNA positivity to be more
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common [45]. It is known that the presence of several autoantibodies can be associated with
the occurrence of lupus nephritis. The association of anti-Sm, anti-nucleosome, or anti-C1q
antibodies with lupus nephritis is well known [46]. We found anti-RNP to be significantly
more common among patients with lupus nephritis; conversely, based on data from the
RELESSER registry, anti-Sm is more common, while the Iranian working group found ANA
positivity to be more common in their patients with LN [42,43]. We found no difference
in the prevalence of ANA, anti-dsDNA, or anti-Sm antibodies. Since the measurement
of anti-nucleosome and anti-C1q antibodies was not performed in all of our patients, we
did not evaluate their presence. There is a working group that has associated anti-SSA
with worse renal outcomes, The literature is conflicting regarding the presence of anti-SS-A.
Some authors associated anti-SS-A with a worse renal outcome; while, conversely, the
Colombian authors reported a protective role of anti-SS-A. We found no difference in the
presence of anti-SS-A between our two patient groups [43,47]. Of note, all patients included
in our retrospective study were white Europeans from the Central European region. The
comparison of patients living in other countries or even other continents is significantly
influenced by different environmental factors and the genetic background of the patients,
which may explain the differences between our observations and the results of others.

As expected, LN patients were treated with cyclophosphamide, MMF, or rituximab
more often, while antimalarial drugs were given less often. This can be explained by
the fact that previously it was not the practice for all patients to receive antimalarial
treatment. At the same time, when we examined the therapeutic changes of the last
15 years, the use of chloroquine in LN patients increased significantly. Similar changes
occurred with other immunosuppressants, MMF is more frequently used as both induction
and maintenance therapy. It is known that the effectiveness of cyclophosphamide and
MMF is the same, but the side effect profile of MMF is more favorable, thus we prefer it in
the case of young patients of fertile age; therefore, the use of MMF has increased, while
the use of cyclophosphamide has decreased [13,17,48,49]. We observed another favorable
therapeutic change: the cumulative corticosteroid dose has significantly reduced, which
has a significant role in the reduction of chronic organ damage [29].

According to our results, the clinical picture of lupus nephritis has also changed.
Despite the fact that the investigated clinical manifestations of SLE were not more common
among LN patients compared to non-LN patients, there were changes in the prevalence
of several organ abnormalities over the last 15 years. The prevalence of serositis and
neuropsychiatric manifestations decreased significantly, as did the SDI. Recently, Mok
and his colleagues compared data from two 10-year periods. They found that patients
diagnosed in the second 10-year period had anti-ENA antibodies more frequently, which is
probably attributable to the developing laboratory methodology; we did not find a similar
difference [44]. They also showed, like us, that the SDI score also decreased significantly,
which has an important impact on long-term survival. Based on our results, the SDI had
an effect on the survival of non-LN patients: a damage score above 2 points significantly
worsened their survival, while it did not affect the survival of LN patients. An Italian
working group examined the clinical and histological changes in LN and the disease
outcome in nearly 500 patients over a period of 50 years [50]. They concluded that the
severity of lupus nephritis has decreased in recent years, and the outcome of the disease
has also improved, which findings are confirmed by our results.

Examining survival, we found no significant difference in the short- and long-term
survival of LN and non-LN patients. At the same time, our results underlined that the
frequency of APS in the non-LN group is significantly higher; moreover, the presence of APS
significantly impairs the survival of non-LN patients. Taken together, it can be assumed that
the negative effect of LN on survival in the LN patient group may be comparable to the effect
of APS on mortality in the non-LN group. Male sex did not significantly worsen survival
among LN patients, while it proved to be a negative prognostic factor in non-LN patients.
When examining the survival of SLE patients, Doria et al. identified male sex, the presence
of lupus anticoagulant, and severe disease as negative prognostic factors, and found that
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glomerulonephritis also worsened survival rates [51]. Conversely, Lou et al. found no
difference between men and women in either mortality or development of LN [52]. We
also examined how achieving low disease activity and remission affects patients’ survival
rates. It became clear that the achievement of remission significantly improves survival
in both the LN and non-LN groups, while low disease activity is protective only in the
lupus nephritis group. Based on the results of a prospective multicenter study, LLDAS
significantly improved patient survival and remission did not add to it [53]. Our results
showed that low disease activity is sufficient in patients with lupus nephritis, but in the
non-LN group, the therapeutic goal should be to achieve remission. Achieving LLDAS and
remission reduces the development of chronic damage and reduces SDI, thus contributing
to improved survival [28]. The leading causes of death for our patients correspond to
international data, according to which cardiovascular, infections, and tumors are the main
causes of death [30,50]. Cardiovascular diseases are the leading cause of death in both
lupus nephritis and non-LN patients. The occurrence of severe sepsis as a cause of death
was significantly more frequent in the LN group, which is presumably explained by the
more potent immunosuppressant treatment.

This study has some limitations. It was a retrospective study and some risk factors,
were not available and could not be included in the analysis as covariates or potential
confounders. Limitations also exist on the treatment adherence of the enrolled patients.
Despite knowing the medications and the doses used and the proper accuracy of the
administrative staff on the documentation of drug prescriptions, we cannot exclude the
possibility of erratic patient adherence. However, with the methods of analysis used, none
of these issues are likely to cause any systematic error or bias. Despite these limitations,
our study had two major strengths. One is the length of the period examined, which was
more than three decades in some cases, which can be considered good for observational
studies. Another strength is that we investigated and analyzed multiple laboratory and
clinical parameters as well as disease outcomes, providing more real-world data about the
natural course of LN.

In conclusion, we found that DLE, SCLE, secondary APS, Sjögren’s syndrome, and
rheumatoid arthritis were more common in non-LN SLE patients. Regarding laboratory
parameters, anti-RNP positivity was significantly more common in our LN patients. There
was no difference in the survival of LN and non-LN patients. Achieving LLDAS and
remission improves survival rates in patients with LN. Among patients with LN diagnosed
after 2005, the development of serositis and neurological manifestations was less common,
and the SDI scores were significantly lower. The prevalence of CKD and ESRD did not
show a significant decrease in LN patients diagnosed after 2005; however, an improvement
has begun, and further improvement is expected due to the new innovative drugs. The
main therapeutic goal in SLE should be to achieve remission, regardless of the organ
manifestation, because this significantly improves the long-term prognosis and the survival
of patients.
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