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ABSTRACT 
Background: Lupus nephritis is one of the most common severe organ 
manifestations of systemic lupus erythematosus (SLE). Despite the continuing 
advancement in therapy, up to 30% of patients progress to end-stage renal 
disease. The clinical manifestations of lupus nephritis are variable and screening 
all SLE patients for lupus nephritis is imperative. There has been substantial 
advancement in availability of biomarkers and therapeutic options. This review 
focuses on epidemiology, early screening, advances in the biomarkers and 
management of lupus nephritis. 
Content:  Lupus nephritis is a devastating consequence of SLE and 
disproportionately affects the minorities. Inter-ethnic variation in the prevalence 

and severity of lupus nephritis as well as tolerance and clinical response to various 
therapeutic regimens for LN has led to variation in screening and treatment of 
lupus nephritis in SLE patients. Periodic screening of lupus nephritis in patients with 
SLE is imperative for early detection. Urinalysis and urine protein-to-creatinine 
ratio are useful screening tests. Quantification can be performed by 24-h urine 
sample collection for protein. Renal biopsy remains the gold standard for 
diagnosis of lupus nephritis. Traditional serum biomarkers used to monitor lupus 
nephritis disease activity and flares include anti-double-stranded DNA antibodies 
and complement components 3 and 4. New biomarkers for lupus nephritis include 
anti-C1q and type 1 interferon regulatory genes, urinary monocyte 
chemoattractant protein 1, neutrophil gelatinase-associated lipocalin, tumor 
necrosis factor-like inducer of apoptosis, and vascular cell adhesion molecule 1. 
Therapeutic options that better lead to remission of lupus nephritis, preserve 
kidney function and reduce the toxicities of concomitant glucocorticoids are unmet 
needs in lupus nephritis. There are newly approved treatments as well as 
investigational drugs in the pipeline, including the newer generation calcineurin 
inhibitors, biologic agents and cellular therapeutic options. The choice of therapy 
depends on a numberof clinical considerations and should be tailored to individual 
patient circumstances. Molecular profiling, gene-signature fingerprints and urine 
proteomic panels might enhance the accuracy of patient stratification for 
treatment personalization in the future. 
Summary: Promising advances have been made in screening and treatment of 
lupus nephritis. The use of traditional and alternative biomarkers has the potential 
to identify at risk patients and those having active flare-up but require validation 
in prospective studies. Renal remission rates in patients receiving standard of care 
therapy for induction and maintenance treatments have improved but remain low. 
Further research in newer therapeutic targets for lupus nephritis shows promising 
results. 

Key points 
• The development of biomarkers for early detection and novel therapeutics to 

improve the efficacy-to-toxicity balance for LN are current unmet needs. 
• New serum and urinary biomarkers for LN can help screen and stratify the 

patients at risk and those having flare-up of LN.  
• Biologic, belimumab and calcineurin inhibitor, voclosporin are recently 

approved drugs for the treatment of LN offering potential to provide early and 
sustained remission in LN.  

• Options to better stratify patients and provide personalized treatment for 
patients with LN such as molecular profiling and urine proteomic panels are on 
the horizon.  

• New-generation anti-CD20 biologic agents, type I interferon antagonists, 
combination of biologics and cellular therapies such as autologous anti-CD19 
CAR-T cell show promise for the treatment of LN. 
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Introduction 
The incidence and prevalence of lupus nephritis (LN) has 
been increasing over time with no significant improvement 
in mortality gap.1 Screening of all systemic lupus 
erythematosus (SLE) patients for LN is of the essence and 
ultimately “time is nephrons”-earlier diagnosis correlating 
with improved prognosis.2 There has been considerable 
advancement in the availability of biomarkers and 
therapeutic options over the past 5 years. Although there 
has been a pivotal shift in the management approach of 
LN, clinician education to improve utilization of novel 
therapeutics must be enhanced. This narrative review 
encompasses epidemiology, early screening, advances in 
biomarkers and management of LN. 
 

Background/Classification 
Systemic lupus erythematosus (SLE) is a complex 
autoimmune disease that affects multiple organ systems 
and impacts approximately 3.4 million individuals 
worldwide, out of which 90% are women.3,4 The kidney 
is the organ most frequently affected by this disease, 
significantly contributing to both morbidity and mortality. 
A significant proportion of patients with SLE develop 
lupus nephritis within the first five years after diagnosis, 
which has substantial implications for survival and quality 
of life.5 LN is a leading cause of death in SLE and places 
a significant socio-economic burden on society, primarily 
affecting those under the age of 50. The lifetime 
incidence of lupus nephritis ranges from 20% to 60%, 
with higher prevalence observed among African 
Americans and Hispanics compared to Caucasians. 
Although lupus occurs more frequently in women, LN has 
higher rates noted in men than in women.6,7 The survival 
rate for patients significantly decreases with the onset of 
lupus nephritis, making it a critical focus area in managing 
SLE.8 

 
Lupus nephritis is traditionally defined as a disease 
caused by immune complexes in patients with systemic 
lupus erythematosus (SLE). It presents a range of clinical 
symptoms, from asymptomatic proteinuria to nephrotic 
syndrome, and can potentially progress to end-stage 
renal disease (ESRD). This variability in the presentation 
underscores the complexity of LN and highlights the 
critical need for tailored management plans. Given the 
significant effects on kidney function, it is essential to 
prioritize intervention for both early stages and 
progressive forms of the disease to optimize patient 
outcomes.9,10 
 
The American College of Rheumatology and the 2012 
Systemic Lupus International Collaborating Clinics (SLICC) 
criteria for diagnosing lupus nephritis emphasize the 
importance of urinary markers. These include proteinuria 
more significant than 0.5 grams per 24 hours or the 
presence of red blood cell casts.5,11 Urinalysis is a crucial 
screening tool for LN as all patients with clinical renal 
disease exhibit proteinuria, with about half of these cases 
showing nephrotic-range proteinuria.12,13 Abnormal 
results from urinalysis can be further evaluated by 
measuring proteinuria using a urine protein-to-creatinine 
ratio (PCR) or a 24-hour urine protein collection (24H-P). 
Although studies indicate that there are limitations to the 
accuracy of urinalysis and PCR in diagnosing and 
assessing the severity of LN, these methods continue to 

serve as valuable preliminary screening tools and can 
help reduce the number of unnecessary biopsies.14,15 

 

Clinical signs alone often do not fully capture the extent 
of kidney involvement in patients with SLE. Additionally, 
non-immune complex renal conditions can occur in these 
patients, some of which are directly related to lupus, such 
as lupus podocytopathy and thrombotic microangiopathy 
induced by lupus anticoagulant. Therefore, a renal 
biopsy remains essential for confirming diagnosis, 
assessing disease activity, and evaluating chronicity.16 
Over the past 40 years, the classification of lupus 
nephritis has evolved, beginning with the World Health 
Organization (WHO) system in 1974 and most recently 
updated in 2018. The classification now follows the 
International Society of Nephrology/Renal Pathology 
Society (ISN/RPS) system, which categorizes the disease 
into six classes (Class I-VI) and includes terms defining 
activity such as "acute," "chronic," and "acute on chronic." 
This classification framework provides valuable insights 
for personalized treatment and prognosis, focusing on 
managing active, potentially reversible lesions while 
distinguishing them from chronic, often irreversible 
damage. Classes I and II are typically mild or 
asymptomatic, while Classes III and IV present with more 
severe renal manifestations and significant proteinuria. 
Class V has the highest incidence of nephrotic syndrome, 
and Class VI often leads to end-stage renal disease 
(ESRD) due to irreversible damage.16 A key strength of 
the current classification is its widespread acceptance, as 
it is incorporated into treatment guidelines for SLE by 
both the American College of Rheumatology and the 
European League Against Rheumatism. 
 

Autoantibodies are a key feature of systemic lupus 
erythematosus (SLE), and traditional diagnostic and 
monitoring strategies for SLE and lupus nephritis (LN) 
often rely on markers such as anti-dsDNA and 
complement levels (C3, C4).17However, these markers 
have limitations; for example, elevated anti-dsDNA titers 
do not consistently indicate the presence of nephritis, and 
fluctuations in complement levels are not always 
dependable predictors of disease flares or responses to 
treatment.18,19 Recent advances in our understanding of 
the pathophysiology of LN have led to the discovery of 
promising new biomarkers related to cellular and 
inflammatory pathways. These include anti-C1q 
antibodies, interferon regulatory genes, C-X-C motif 
chemokine ligand 10 (CXCL10), interleukin-18 (IL-18), 
and galectin-9. Additionally, urinary biomarkers have 
shown potential, with initial findings suggesting the 
usefulness of markers like monocyte chemoattractant 
protein 1 (MCP-1), TWEAK, B-cell activating factor 
(BAFF), vascular cell adhesion molecule 1 (VCAM-1), and 
matrix metalloproteinase 7 (MMP-7) in enhancing the 
diagnosis and monitoring of LN. Introducing these 
biomarkers paves the way for a more effective and 
nuanced approach to managing lupus nephritis.20  
 

In managing lupus nephritis (LN), the primary treatment 
goals are to preserve kidney function, decrease the risk 
of progression to end-stage renal disease, and minimize 
the side effects associated with medications. It is 
recommended that all patients with Systemic Lupus 
Erythematosus (SLE) and nephritis receive 
hydroxychloroquine (HCQ) treatment, unless 
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contraindicated.21 The treatment approach for LN consists 
of an induction phase followed by maintenance therapy. 
Common agents used for induction include 
cyclophosphamide and mycophenolate mofetil, often in 
combination with high-dose corticosteroids. Recent studies 
have shown promising outcomes with alternative 
therapies, such as CD20-targeted monoclonal antibodies 

and recombinant human IgG-1λ monoclonal antibodies 

that target soluble B lymphocyte stimulators, which may 
provide additional management options. For 
maintenance therapy, mycophenolate mofetil or 
azathioprine is typically employed to prevent renal 
flares. However, the optimal duration of maintenance 
therapy and the effectiveness of combination treatments 
remain uncertain. Other innovative therapies, including 
the sequential use of two B-cell-targeting agents and a 
type I interferon receptor antibody, have also 
demonstrated encouraging results.20 

 

Lupus nephritis (LN) poses a significant risk of mortality in 
patients with systemic lupus erythematosus (SLE), driving 
intense research into innovative therapies and biomarkers 
to improve patient management. Achieving and 
maintaining remission in LN patients remains a significant 
challenge, with consistently high rates of flare-ups and 
low remission rates, even with optimized treatment. While 
several studies have shown promising results regarding 
potential therapies and biomarkers, validating these 
findings in prospective studies that include diverse patient 
populations before they can be integrated into standard 
clinical practice is essential. Our review captures the 
latest progress in the field, providing a clearer 
understanding of promising approaches to enhance 
disease management and improve patient outcomes. 
 

Epidemiology/Scope of Issue/Current 
Literature  
Systemic lupus erythematosus (SLE) is a chronic 
autoimmune disease that predominantly affects women 
of childbearing age, significantly impacting renal health. 
The women were 6 times more likely to have SLE 
compared to men, and prevalence in African Americans 
was twofold compared to their Caucasian counterparts. 
Approximately 90% of SLE patients are female, with a 
nearly 10:1 female-to-male ratio and six times more 
likely to have SLE compared to men. However, men with 
SLE face a higher risk of severe renal and cardiovascular 
complications.22 Renal impairment in SLE stems from 
glomerular, tubulointerstitial, and vascular lesions, which 
collectively contribute to lupus nephritis (LN) as a common 
complication. The 2019 EULAR/ACR classification criteria 
for SLE, though primarily used for classification rather 
than diagnosis, achieve 96.1% sensitivity and 93.4% 
specificity, assessing clinical symptoms like fever, 
cytopenia, rash, arthritis, and proteinuria, along with 
immunological markers such as autoantibodies and low 
complement levels.23  
 

The incidence of SLE varies from 0.3 to 31.5 cases per 
100,000 people annually, with prevalence estimates now 
exceeding 50–100 cases per 100,000 adults. LN occurs 
in 40-50% of individuals with SLE, usually within the first 
five years post-diagnosis. Progression to end-stage renal 
disease (ESRD) affects 4.3–10.1% of these patients after 
ten years, with LN patients facing a 1.5 times higher 
mortality risk compared to those without LN.24 The 

progression risk is highest within the initial five years, with 
studies indicating that 50-74% of LN cases develop 
within a year or five years after an SLE diagnosis.25 
Major risk factors for ESRD include high serum creatinine, 
class III, IV, or VI LN, elevated blood pressure, male sex, 
and Black race, with the cumulative ten-year ESRD 
incidence around 4% for SLE and 6–16% for SLE with 
LN.25 
 

The presence of two genotypes (G1/G2) of the APOL1 
gene, and elevated levels of anti-Ro/SS-A, anti-Sm, and 
anti-nRNP antibodies likely contribute to the disparities 
making LN more frequent and severe in patients of 
African American, Hispanic, or Asian descent than in 
White patients.13 In terms of socio economics, whites with 
higher socioeconomic status tend to do develop LN at a 
lower rate as compared with Blacks and Hispanics, 
although prevalence was still high in Blacks irrespective 
of financial status.26 Children and adolescents with LN 
experience more severe disease, higher relapse rates, 
and greater organ damage than adults, with poor 
treatment adherence further elevating risks in younger 
populations. Males also tend to fare worse with LN than 
women, suffering more renal dysfunction. Patients with 
childhood-onset SLE also experienced higher rates of LN 
than adult-onset SLE.   
 

Histological transformation occurs in up to 76% of LN 
cases, often from non-proliferative to proliferative forms. 
Predictors of renal disease progression include a high 
chronicity index, glomerular sclerosis, and 
tubulointerstitial injury seen at biopsy. LN is classified into 
six histological classes, with classes III (focal proliferative), 
IV (diffuse proliferative), and combined III/IV plus V 
being the most severe. Class IV LN has a poorer 
prognosis, especially the IV-G (global) subtype, which is 
more frequent and severe than IV-S (segmental) 
subtype.24 LN can manifest subtly, with normal urinalysis 
and renal function tests, or present acutely with 
hematuria, leukocyturia, proteinuria, or nephritic and 
nephrotic syndromes, underscoring the need for regular 
assessment of renal function, proteinuria, and urinary 
sediment in SLE patients. Among rare forms, vascular 
lesions in LN may arise from coexisting antiphospholipid 
syndrome (APS) or thrombotic microangiopathy (TMA), 
characterized by endothelial swelling and thrombus 
formation, especially in patients with antiphospholipid 
antibodies. While TMA occurs in less than 10% of cases, 
its presence increases the risk of acute or chronic kidney 
injury.  
 

A timely diagnosis and effective treatment are the 
primary objective in managing SLE and LN is achieving 
remission or disease quiescence, characterized by low 
symptom severity and limited use of glucocorticoids. 
Long-term management includes immunosuppressive 
agents such as azathioprine, mycophenolate mofetil, and 
cyclophosphamide. Hydroxychloroquine, widely 
regarded as the standard SLE treatment, is associated 
with lower mortality rates.23 Recently, the FDA approved 
belimumab, voclosporin, and anifrolumab as additional 
treatment options for SLE and LN, expanding the 
therapeutic arsenal for these conditions.18 Despite 
treatment advances, LN patients still face a mortality risk 
six times higher than the general population. Kidney 
failure remains a leading cause of death in SLE, 
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particularly among young women, African American, and 
Hispanic populations.18 Between 10% and 30% of 
patients with proliferative LN (class III, IV, or III/IV + V) 
require kidney replacement therapy (KRT), with complete 
responders exhibiting a 92% kidney survival rate at ten 
years.27 Since 2000, the incidence of LN requiring KRT 
has plateaued, though rates may be rising among Black 
populations.  
 

Clinical Presentation, Evaluation, 
Biomarkers  
CLINICAL PRESENTATION 
Lupus nephritis is a heterogeneous disease manifestation 
ranging from silent subclinical renal involvement without 
associated symptoms, serum, or urine abnormalities to 
overt acute renal failure and severe nephritic or nephrotic 
syndromes.24,28 Most commonly, early disease presents 
with urine abnormalities with presence of WBC, RBC, 
and/or casts.28 LN, and other SLE-related kidney 
involvement, can lead to varied levels of proteinuria with 
even small amounts potentially being indicative of 
pathology.29 
 

The 2012 American College of Rheumatology (ACR) 
guidelines define LN as persistent proteinuria 
(≥0.5g/day or 3+ by dipstick or creatinine-to-protein 
ratio >0.5) and/or active urinary sediment (cellular casts 
or >5 RBC or WBC per high power field.5 

 

Biopsy is recommended at baseline and if significant 
suspicious urine abnormalities (proteinuria ≥1g/day or 
≥0.5/day plus hematuria or cellular casts) or worsening 
eGFR present unexplained by other potential causes.5 
New ACR lupus guidelines, including updates on lupus 
nephritis, are anticipated by 2025.30 

 

Current Kidney Disease: Improving Global Outcomes 
(KDIGO) guidelines recommend creatinine, eGFR, 
urinalysis, spot urine protein-creatinine ratio, dsDNA, and 
complement level testing at time of SLE diagnosis, for 
surveillance, and during suspected flares. Kidney biopsy 
is also able to evaluate for podocyte and vascular 
pathology and can diagnose concurrent pathology such 
as thrombotic microangiopathy. Biopsies can be graded 
on both disease activity measures such as cellularity, 
necrosis, crescent formation, and hyaline deposits, as well 
as markers of chronicity glomerulosclerosis, fibrosis, and 
atrophy. The particular microscopic findings are crucial 
for accurate disease classification and treatment 
recommendations. KDIGO guidelines recommend kidney 
biopsy interpretation by nephropathologists.29 
 

Similarly, the European Alliance of Associations for 
Rheumatology (EULAR) guidelines recommend kidney 
biopsy for evaluation of urine abnormalities or decline in 
eGFR. They also include anti-C1q, anti-ds-DNA, C3, C4, 
urinalysis, urine protein-to-creatinine ratio biomarkers 
and monitoring labs. Unfortunately, discordance between 
clinical and histological response has been documented 
and residual histological activity despite apparent 
clinical response has been associated with increased flare 
risk. Kidney biopsy is recommended for unexplained GFR 
decrease, hematuria or casts, proteinuria defined as 
>0.5g in 24 hours or urine protein-to-creatinine ratio 
>500mg/g.12 
 

In addition to defining the class of LN and evaluating for 
comorbid conditions, renal biopsy is beneficial in 
identification of subclinical disease. Repeat kidney 
biopsy is recommended in the setting of persistently 
elevated serological biomarkers although the ideal 
timing is debated. Benefits provided by renal biopsy 
need to be weighed with the invasive nature of this 
procedure with special consideration for bleeding risk.28 
Timing and need for repeat biopsy remains case-
dependent without available guidelines to inform this 
decision.24 
 

DISEASE ACTIVITY ASSESSMENT 
Several disease activity measures have been developed 
and are currently in use for both the management and 
study of SLE. SLEDAI 2000 (SLEDAI-2K) was developed 
in 2002 via validated modifications to the initial SLEDAI 
developed in 1985 via expansion to include persistent 
disease activity to capture clinical disease manifestations. 
It includes neurological, vasculitic, myopathic, arthritic, 
mucocutaneous, serosal measures in addition to fever and 
hematologic abnormalities, hypocomplementemia, and 
ds-DNA serologies. This has been shown to be predictive 
of mortality. 31 The BILAG 2004 modified the original 
1988 BILAG to better capture ophthalmic and 
gastrointestinal disease manifestations and removal of 
manifestations more consistent with damage rather than 
activity. Additionally, this includes scoring of 9 organ 
systems with the goal of providing a systems-based 
activity assessment rather than global measure.32  
Physician’s Global Assessment (PGA) is a simple and less 
granular measure that uses a visual analog scale to 
measure physicians’ assessment of disease activity. 
Though comprehensive and simple to use, it is prone to 
both inter-and intra- rater variability.33,34 
 

A renal activity score composed of weighted scores for 
proteinuria, as well as urine RBC and WBC counts was 
developed by consensus methodology with the goal of 
identifying variables that were considered most strongly 
in making a clinical diagnosis of lupus nephritis. This 
appears to be less commonly used.35  System components 
of SLEDAI and BILAG can be used to estimate organ-
specific disease involvement. Urine biomarker testing 
showed superior assessment of histological disease 
activity by kidney biopsy than SLEDAI renal domain score 
in children with LN.36  
 

Composite measures based on changes or combinations 
of component BILAG, SLEDAI, PGA, or other scores such 
as BICLA (BILAG-based Composite Lupus Assessment) and 
SRI (SLE Responder Index) have also been used although 
mainly useful as clinical trial outcome measures.34 Thanou 
and Merrill (2013) and Ohmura (2021) summarized 
several disease activity indices, including composite 
scoring modalities, and outlined the implications of their 
specific designs in both clinical practice and trials.34,37 
 

A recent systematic review aimed at summarizing current 
definitions of low, or minimal, disease activity in SLE 
based on SLEDAI-2K scores. Minimal disease activity 
defined as SLEDAI-2K ≤1 in the setting of therapies 
considered to be low-risk for long-time morbidity and 
mortality (antimalarial agents, standard dosing of 
immunosuppressive agents, ≤5 mg prednisone equivalent 
daily). Low disease activity was defined as SLEDAI-2K 
≤2 in the setting of antimalarial therapy. These 
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definitions exclude positive serologies from scoring. Lupus 
low activity state was developed and defined via expert 
consensus and required fulfillment of 5 clinical criteria 
including physician global assessment, clinical 
presentation, SLEDAI-2K, and medication regimen.38 
Current measures appear to be helpful in assessing 
current disease activity, albeit imperfectly, rather than 
predicting flares. 
 

LUPUS NEPHRITIS BIOMARKERS 
Biomarkers help to uncover the complex pathological 
processes contributing to the development of LN but also 
reflect nonpathogenic changes that result from disease-
related damage. These include autoantibodies, serum 
markers of kidney function, complement levels, 
lymphocyte counts, both elevated and decreased serum 
cytokine levels, serum and urine chemokines, serum and 
urine cell adhesion molecules (CAMs), serum and urine 
proteins, micro-RNAs (miRNAs), microparticles, kidney 
biopsy histologic findings, kidney biopsy proteins/ 
cytokines. Traditional biomarkers based on clinically 
available and utilized tests include elevated urine RBC, 
WBC, protein levels, presence of casts, as well as 
elevated BUN, creatinine, decreased C3 and C4 
complement levels, and elevated anti-dsDNA antibody.  
Additionally, lymphocyte count has been shown to 
increase in response to therapy and hyperuricemia is 
considered a serologic marker of kidney function.39,40 
 

Markers of activation of specific pathogenic pathways 
including DNAase activity and CH50 in addition to 
traditional C3 and C4 levels, anti-interferon antibodies, 

and blood interferon (α, gamma, type I, type II) 

signatures have also shown biomarker capabilities. Anti-

CL/β2 GPI Abs have emerged as a predictor of TMA. 

Although anti-SSB antibodies are associated with SLE, 
these do not predict histological LN nor ESRD. Anti-dsDNA 

and anti-α actinin antibodies have been associated with 

LN while anti-Smith has some suspected predictive 
characteristics (such as ESRD) despite lack of correlation 
with histologic LN. Many types of urinary biomarkers 
have been identified and studied including serum uric 
acid, urinary galectin-3 binding protein (uGAL3BP), 
kidney injury molecule-1 (KIM-1), and several additional 
urinary micro-RNAs. Various combinations of baseline 
histologic findings of interstitial fibrosis and tubular 
atrophy, presence of TMA, and presence of proliferative 
LN, as well as complement fractions of C1q and C3 have 
associations with different outcomes including prediction 
of disease activity, flares, and progression to ESRD.40 
 

Novel and nontraditional biomarkers investigated in 
more than one original study include serum 
autoantibodies anti-C1q, anti-C1q, anti-ENO-1, anti-
neutrophil cytoplasmic antibodies. Such urine biomarkers 
include Tumor necrosis factor-like weak inducer of 
apoptosis (TWEAK), interleukin 10, interleukin 17, A 
proliferation-inducing ligand (APRIL), B-cell activating 
factor (BAFF or BLySS), monocyte chemoattractant 
protein 1 (MCP-1 or CCL2), activated leukocyte cell 
adhesion molecule (ALCAM), vascular cell adhesion 
molecule 1 (VCAM-1), interferon gamma-induced protein 
10 (IP-10 also known as CXCL10), angiostatin, neutrophil 
gelatinase-associated lipocalin (NGAL), transferrin, 

beta-2 microglobulin (β2-MG), serum angiopoietin-like 

protein 4 (Angptl4), CD163. Additional serum markers 

include TWEAK, transforming growth factor-beta 1 (TGF-

β1), Axl, HE4, soluble tumor necrosis factor receptor II 

(sTNFRII), miRNA-21.39 
 

A systematic review my Palazzo and colleagues in 2022 
provided a summary of biomarkers clustered by purpose 
of biomarker including diagnosis, clinical and histological 
disease activity, therapeutic response, organ damage, 
and prognosis including progression to ESRD and 
mortality.41 Authors also included test characteristics 
(sensitivity, specificity, and AUC). Biomarkers highlighted 
for perceived clinical utility include urinary MCP-1 and 
NGAL based on their clinical correlation and urinary 
VCAM-1, CD163, and ALCAM based on their clinical 
correlation and validation. They note heterogeneity in 
outcome measures, populations, study design, and 
laboratory techniques that may hinder generalizability of 
findings and subsequent translation into clinical 
practice.41 
 

Comprehensive and detailed summaries of current 
biomarkers have been summarized in recent reviews.39–

41 Unfortunately, feasibility of application of multiple 
novel biomarkers remains limited due to lack of 
validation, heterogeneity of patient populations and SLE 
clinical presentation.39 Furthermore, development of 
standardized scalable assays would be further required. 
 

Munroe and colleagues in 2023 developed a flare risk 
index on the evaluation of 37 plasma biomarkers with 
resulting 12-17 biomarker combinations identified 
capable of differentiating patients who experienced 
subsequent SLE flare compared to those who did not.42 
This was further narrowed to an 11-analyte panel to 
optimize technical feasibility and cost. Unfortunately, this 
study included few patients with flare involving LN. 
Immunoassays that utilize algorithm-based calculators to 
determine disease activity indices based on plasma levels 
of IFN-y, IL-4, IL-7, IL-10, IL-15, BLyS/BAFF, CXCL10/IP-
10, IFN-a2, osteopontin (OPN), tumor necrosis factor-
related apoptosis-inducing ligand (TRAIL) are 
commercially available but require integration with other 
clinical measures. Improved biomarker capabilities that 
can better reflect renal pathological processes and 
reduce reliance on renal biopsy for definitive diagnosis 
are imperative. 
 

Management  
Early diagnosis and subsequent management of lupus 
nephritis (LN) which may be clinically silent can have vast 
implications for improving prognosis and reducing 
dialysis dependence and morbidity long term.2 First LN 
episode can lead to loss of 1/3rd of the nephrons while 
remaining nephrons may hypertrophy, potentially 
overestimating residual renal function.43 Add to that 
progression of loss of podocytes with normal aging- 
delay in management comes with significant 
consequences.44 

 

Screening for LN should be undertaken in all patients with 
presentation of systemic lupus erythematosus, suspicion of 
systemic lupus erythematosus flare and there on every 3 
months for active disease and annually for inactive 
disease.  Although anti double stranded DNA (ds DNA) 
and low complements can indicate active LN, utility of 
serological assessment is variable.45 Urine sediment 
should be characterized and GFR and spot urine 
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protein/creatinine ratio (UPCR) measured. ACR 2024 LN 
guidelines recommend screening for proteinuria every 6 
to 12 months.46 The ACR/EULAR 2019 guidelines use 
threshold of UPCR > 0.5 with Class 3/4 
glomerulonephritis scoring the highest.47 Class 3 and 4 
are focused on compared to other classes of LN because 
active immunosuppressive is used for most of the time in 
their treatment.48 

 

Kidney biopsy is indicated in patients with suspected 
flare after initial response, non-responders or in SLE with 
UPCR >0.5 g/g.46 EULAR/ERA-EDTA 2019 principles 
recommend considering kidney biopsy for proteinuria ≥ 
0.5 g/24 h (UPCR ≥0.5g/g first void urine) or an 
unexplained drop in GFR.12 KDIGO 2021 practice 
guideline added positive acanthocyte sediment and 
presence of red blood cells or white blood cells.10 Kidney 
biopsy however is indispensable and consideration for 
early biopsy can lead to best outcomes.47 KDIGO 2024 
update further outlined considering renal biopsy when 
proteinuria > 500 mg/g, active urine sediment and 
decreased eGFR.29 

 

It is important to distinguish between activity and 
chronicity in LN. Modified NIH activity and chronicity 

indices are helpful for this determination.48 Patients who 
have more chronicity reported in the biopsy have poorer 
outcomes.48 However, not all kidney diseases in LN need 
aggressive immunosuppression, for example class 2 LN or 
chronic changes with minimal active inflammation.49 

 
ACR 2024, EULAR 2023 and KDIGO 2024 
recommendations include Hydroxychloroquine 
recommendation for all patients with LN unless 
contraindicated at a target dose of 5 mg/kg actual body 
weight [Figure1].29,46,50 ACR 2024 conditionally 
recommended pulse intravenous  methylprednisolone 
250-1000 mg for 1-3 days followed by oral 
glucocorticoid <0.5 mg/kg/day with taper to ≤ 5 mg by 
6 months.46 This induction regimen has a lower cumulative 
dose of glucocorticoids compared to the EULAR/ERA-
EDTA 2019 guidelines which outline induction with IV 
methylprednisolone 500-2500 mg total with taper to 
oral prednisone <7.5 mg/day by 3-6 months.12 Induction 
is recommended with mycophenolic acid analog (MPAA) 
and belimumab, MPAA and calcineurin inhibitor (CNI) or 
low dose IV cyclophosphamide (EURO LUPUS dosing 500 
mg every 2 weeks for 6 months) and belimumab.46  

 

 
Figure 1: Management flowchart for Lupus Nephritis (adapted from American College of Rheumatology Guideline for Lupus 
Nephritis 2024). RAAS-I (Renin-angiotensin-aldosterone system inhibitors), GC (Glucocorticosteroids), MPAA 
(Mycophenolic acid analog), CYC (cyclophosphamide), BEL (Belimumab), CNI (Calcineurin inhibitor). 
 
Mycophenolate (2-3g/day) regimen was conditionally 
recommended over cyclophosphamide based regimen in 
2024 ACR LN guidelines.46 Belimumab addition should be 
considered for extrarenal manifestations, significant 
hypertension or CrCl <45.46 It would also be beneficial 
to consider belimumab especially if the patient desires 
less pill burden and if using cyclophosphamide induction.  
If proteinuria is ≥ 3 g/g a triple immunosuppressive 
regimen consisting of MPAA and CNI is recommended.46 
Hence, calcineurin inhibitors would be appropriate for 
nephrotic range proteinuria and combined class 3/3 or 
4/5 histopathology.  Neither belimumab or CNI have 
been studied as monotherapy for LN yet.  
 
For maintenance minimal prednisone is recommend 2.5-5 
mg/day and mycophenolate 1-2 g/day or azathioprine 
2 mg/kg/day (reproductive consideration).12 EULAR 
2023 update includes combination of belimumab with 
either cyclophosphamide or mycophenolate or calcineurin 
inhibitor for induction followed by mycophenolate alone 

or in combination with belimumab or calcineurin inhibitor 
for maintenance therapy.50 KGIDO 2024 update added 
patients with Class 3/4 LN be treated with 
glucocorticoids and either one of mycophenolate, low-
dose cyclophosphamide, belimumab with mycophenolate 
or low-dose cyclophosphamide, mycophenolate and 
calcineurin inhibitor if GFR is not severely impaired.29  
These updates are similar to recommendations as per 
EULAR 2023 update. 
 
Fertility preservation for both males and females must be 
addressed if cyclophosphamide is used, and EURO lupus 
regimen is preferred due to low cumulative dose.51 
Encourage patient centered discussions on Lupron shots, 
oocyte and sperm cryopreservation, and embryo 
preservation.51  It is also important to optimize 
cardiovascular risk with blood pressure control, 
consideration of Renin-angiotensin-aldosterone system 
inhibitors (RAAS-I), sodium-glucose cotransporter-2 
(SGLT2) inhibitors, and treating dyslipidemia.  ACR 2024 
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LN guideline has emphasized further by conditionally 
recommending RAAS-I for all patients with elevated 
proteinuria.46 Patients should be educated on high-risk 
medication monitoring, malignancy risk, minimizing UV 
light exposure and maintaining bone health especially if 
on chronic prednisone.  
 

Assessment of bone density by dual energy X-ray 
absorptiometry (DEXA) and fracture risk assessment tool 
(FRAX) is imperative.  Ensuring up-to-date vaccinations to 
minimize risk of infections must also be visited.29 
 

Definitions of clinical response as per KDIGO 2024 
clinical practice guidelines include primary efficacy renal 
response, partial response, complete response, and no 
kidney response. 29  Primary efficacy renal response is 
UPCR <0.7 g/g and GFR not worse than 20% below 
baseline or ≥ 60 ml/min. Partial response includes 
reduction in proteinuria by at least 50% with stabilization 
and improving kidney function within 6-12 months of 
starting therapy while complete response is defined as 
reduction in proteinuria <0.5 g/g with stabilization or 
improvement in kidney function within 6-12 months of 
starting therapy but may be longer.29  Inability to achieve 
partial or complete response within 6-12 months is 
defined as no kidney response. 
 

Labs to target include urine protein to creatinine ratio, 
serum creatinine and EGFR.  Target reduction in 
proteinuria by at least 25% with stable GFR +/- 10% 
baseline at 3 months, reduction in proteinuria by at least 
50% at 6 months.12 Target proteinuria <0.5-0.7 g/24 
hours at 12-24 months.12 Nephrotic range of proteinuria 
at baseline may require an additional 6-12 months to 
reach complete clinical response, however if proteinuria 
is progressively improving it is reassuring.  If clinical 
response has not reached 3-12 months switching to an 
alternate triple therapy is recommended and escalating 
to triple therapy if initial dual therapy used.46 If 
refractory disease it is crucial to check for medication 
adherence, considering anti-CD 20 and repeating 
biopsy.12  
 

Optimal duration is at least 3 to 5 years of treatment 
with 1 year of complete clinical remission with follow up 
withdrawing immunosuppression.50  Withdrawal of 
immunosuppression comes with its own risk of disease 

activity and flares, worsening kidney outcomes 
contributing to morbidity and mortality.  It was noted that 
at least 30% of complete responders may have ongoing 
serological activity which may correlate with subsequent 
kidney flare at time of withdrawal of immunosuppression. 
52 

 
Belimumab, BAFF (Blys) monoclonal antibody was first 
approved in 2011 for non-renal lupus but approved in 
2020 for LN in intravenous and subcutaneous 
formulations (BLISS-LN trial).53 448 patients were 
followed for two years and received induction with high 
dose steroids and induction per EUROLUPUS 
cyclophosphamide or mycophenolate and maintenance 
with low-dose steroids and azathioprine or lower dose 
mycophenolate.53 At 6 months prednisone dose was ≤10 
mg/day and patients who had received belimumab had 
55% greater odds of achieving primary end point with 
greater mean eGFR values compared with placebo.  

 
Voclosporin, a novel structurally modified calcineurin 
inhibitor, approved in January 2021 as a combination 
immunosuppressive therapy which inhibits T-cell 
activation, cytokine production but also promote 
podocyte stability which is incredibly significant for 
patients who have proteinuria. Unique features include 
consistent dose response as well as no need for drug level 
monitoring. AURORA Phase 3 study consisted of a 
regimen of mycophenolate 2 g per day, voclosporin 23.7 
mg BID and a rapid taper of oral corticosteroids to 2.5 
mg/day at week 16.54  More patients achieved complete 
renal response, greater renal response versus control as 
early as 24 weeks, and reduction in proteinuria twice 
faster. 54 AURORA 2 study confirmed sustained reduction 
in proteinuria and eGFR stability at 3 years.55 
Consideration for faster prednisone taper and less 
overall steroid has been advocated since the rapid 
prednisone tapers used in the AURORA trials. EULAR 
2023 recommendations emphasized reduction of 
maintenance corticosteroids to ≤ 5 mg/day and 
withdrawing steroids when possible.50 KDIGO 2024 
outlined tapering corticosteroids to < 5 mg by week 25 
in moderate and high-dose schemes and < 2.5 mg in 
reduced dose scheme.29 BLISS-LN and AURORA 1 
showed improved outcomes with triple compared to dual 
therapies.  

 

Table 1. Selected serum and urine lupus nephritis biomarkers by sample and type (adapted from Ref 38-40)  

Sample  Biomarker type  Biomarker  

Serum  Markers of kidney function  Creatinine/eGFR, urea, uric acid  

  Antibodies  Anti-dsDNA, ANCA, anti-C1q, anti-CRP, anti-ENO-1  

  Complements  C3, C4  

  Cytokines and chemokines  TWEAK, IL-10, IL-17  

  Proteins  Axl, HE4, sTNFRII  

  Micro-ribonucleic acids  MiRNA-21  

Urine  Markers of kidney function  Protein, WBC, RBC, casts  

  Cytokines and chemokines  TWEAK, TGF-β1, APRIL, BAFF, MCP-1, ALCAM, VCAM-1, IP-10  

  Specific proteins  Angiostatin, NGAL, transferrin, β2-MG, Angptl4, CD163  

eGFR: estimated glomerular filtration rate; anti-dsDNA: anti-double stranded DNA; ANCA: anti-neutrophil cytoplasmic 
antibody; Anti-C1q: Anti-complement component 1q; Anti-CRP: Anti-C-reactive protein; TWEAK: tumor necrosis factor-
like weak inducer of apoptosis; IL-10: interleukin-10; IL-17: interleukin-18; HE4: human epididymis protein 4; sTNFRII: 
soluble tumor necrosis factor receptor II; MiRNA-21: micro-ribonucleic acid 21; WBC: white blood cell; RBC: red blood 

cell; TGF-β1: transforming growth factor-beta 1; APRIL: A proliferation-inducing ligand; ALCAM: activated leukocyte cell 

adhesion molecule; VCAM-1: vascular cell adhesion molecule 1; IP-10: interferon gamma-induced protein 10; NGAL: 

neutrophil gelatinase-associated lipocalin; β2-MG: beta-2 microglobulin; Angptl4: serum angiopoietin-like protein 4.  
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There are many emerging therapies on the horizon with 
promising evidence [Table 2].  One of those includes 
Obinutuzmab (anti-CD20 monoclonal antibody) with 
promising results in the Phase 2 NOBILITY trial where 
improve renal responses through week 104 were 
observed in LN patients who received combination of 
obinutuzumab with standard therapy.56  REGENCY trial 

is the phase 3 trial investigating Obinutuzumab, ORCHID-
LN is a phase 2 trial evaluating guselkumab and SELUNE 
trial is a phase 3 trial evaluating Secukinumab for LN.57 
Raviluzumab (complement 5 inhibitor), iptacopan (factor 
B inhibitor), anifrolumab are other potential treatment 
targets.57 

 

 
Table 2: Prominent emerging therapies for Lupus Nephritis (clinical trial status as of 11-25-2024) 
 
Since the landmark study by Schett et al, cellular 
therapies have gained traction for LN 
management.58After CD19 CAR T-cell therapy five 
refractory SLE patients remained in drug-free remission 
within the first 3 months after therapy and was 
maintained at a median of 8 months post 
administration.59 Other cases of rapid remission of 
refractory SLE post CD19 CAR T-cell have been reported 
(recently 8 SLE patients in remission post CD19 CAR T-cell 
reported by Schett et al) and rapid disappearance of 
ds-DNA has been observed.60  Phase 1 trials of other 
cellular therapies including natural killer cells (NK) cells 
that target similar cytotoxic cellular mechanisms and 
BCMA CAR T-cell are in their nascent phases globally. 
 

Discussion and Future Direction  
Despite the immense progress made in diagnosis and 
management of LN over the last few decades, it remains 
an important cause of morbidity and mortality in SLE. 
Around 70% of patients do not achieve CR after a 6-
month standard induction treatment and 10–30% of them 
still progress to ESRD within 10 years of diagnosis, with 
an associated burden of increased cardiovascular and 
infectious risk.24 The biggest challenges in management 
of LN remains prevention of relapses and preservation of 
renal function and minimization of drug toxicity, primarily 
due to long-term GC therapy.61,62 

 
Recent advancement in treatment of LN includes success 
with addition of Voclosporin and Belimumab as induction 
agents along with standard therapy leading to improved 
outcome as well as a reduction in the cumulative dose of 
glucocorticoids [References]. However, these agents may 
also have their own limitations due to adverse events. 
VOC can worsen hypertension and reduce GFR, limiting 

its use in CKD, and long-term histological data on 
nephrotoxicity are lacking.54,55 Other biologic agents 
such as new generation anti-CD20 (obinutuzumab), IFN-I 
antagonists (anifrolumab), and RTX-BEL sequential 
therapy or combination hold promise in improving the 
efficacy-to-toxicity balance in LN treatment and in 
offering new tools to manage refractory and relapsing 
disease. 
 
In addition to these drugs, several exciting new 
developments particularly using cellular therapy for 
treatment of LN are on the horizon. These include CD19 
CAR T-cell therapy, natural killer cells (NK) cells that 
target similar cytotoxic cellular mechanisms and BCMA 
CAR T-cell. Similarly engineered T cells which express 
chimeric auto-antibody receptors (DNA-CAART) and can 
selectively target B cells expressing anti-dsDNA 
autoantibodies.63 Another expanding area of research is 
that of therapeutic manipulation of different ncRNAs, 
which could inhibit the expression of crucial genes 
involved in LN. This intervention could modulate multiple 
pathways and interfere with key immunological and 
inflammatory mechanisms of kidney damage64 – 
Additionally, as highlighted above, there remains an 
unmet need for biomarkers to identify high-risk patients 
who require a stronger induction therapy with a triple-
drug regimen to achieve CR and distinguish them those 
who do not need more aggressive therapy. 
 
 Another exciting development is the potential for the 
“Omic” approach in evaluation of LN. Rapid ongoing 
progress in molecular diagnosis of LN based on genetic 
fingerprints and specific pathway activation, integrated 
with artificial intelligence and machine learning tools, has 
the potential for the discovery of many new non-invasive 
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biomarkers, which may replace the need for renal biopsy 
in diagnosis and treatment of LN. 

 

Conclusion  
The last 2 decades have seen a substantial advancement 
in screening and management of lupus nephritis. 
Additionally, promising advances have been made in 
availability of biomarkers and therapeutic options. 
Despite these advances, there continue to exist unmet 

needs for early detection of patients at risk and those 
having active flare-up. Using new protocols incorporating 
recently approved therapeutic agents to treat has led to 
improved renal remission rates in patients with LN but 
there still are a significant percentage of patients who do 
not achieve renal remission despite receiving standard of 
care therapy for induction and maintenance treatment. 
However, additional studies with newer therapeutic 
agents and cellular therapies show promising potential in 
treatment of lupus nephritis.  
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