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Abstract

Background: Systemic lupus erythematosus (SLE) is a chronic autoimmune disease characterized by immune complex
deposition and multi-organ inflammation. Lupus nephritis (LN), a severe renal manifestation, is a leading cause of morbidity
and mortality in SLE patients, with a significant risk of progression to end-stage renal disease (ESRD) if not managed promptly.
Aim: This article synthesizes the complex etiology, pathophysiology, and management of LN, with an implicit aim to
underscore the necessity of a multidisciplinary, collaborative approach to optimize patient outcomes through early detection,
precise diagnosis, and personalized treatment.

Methods: The review consolidates current medical literature on LN, detailing its pathogenesis involving genetic predisposition,
environmental triggers, and immune dysregulation. It emphasizes the critical role of renal biopsy for histopathological
classification (ISN/RPS system) and evaluation of activity/chronicity indices. The management framework is analyzed,
outlining evidence-based protocols for induction and maintenance immunosuppressive therapy, risk-factor modification, and
the integration of novel biologic agents.

Results: LN prognosis is highly dependent on timely intervention guided by histologic class. Proliferative forms (Classes I11/1V)
carry the poorest renal outcomes without aggressive treatment. Advances in therapy, including mycophenolate mofetil,
belimumab, and voclosporin, have improved remission rates and enabled steroid-sparing strategies. However, outcomes are
significantly influenced by factors such as ethnicity, access to care, and adherence to long-term maintenance therapy.
Conclusion: Effective management of LN requires an interdisciplinary model integrating rheumatology, nephrology, nursing,
primary care, and laboratory science. This collaborative framework ensures vigilant surveillance, biopsy-informed treatment
decisions, aggressive comorbidity management, and comprehensive patient education, ultimately leading to preserved renal
function and improved quality of life.

Keywords: Lupus Nephritis, Systemic Lupus Erythematosus, Interdisciplinary, Collaboration, Renal Biopsy,
Immunosuppressive Therapy, Chronic Kidney Disease.

1. Introduction BCE to 18th-19th-century attributions linking the

Systemic lupus erythematosus (SLE) is a
chronic, immune-mediated disorder characterized by
loss of self-tolerance, immune complex deposition,
and inflammation that can affect virtually any organ
system. Its diagnosis rests on a combination of clinical
features and serologic evidence—most notably the
detection of disease-defining autoantibodies—which
together distinguish SLE from phenotypically similar
rheumatologic conditions [1]. Historically, the
nosology of lupus has undergone substantial revision:
from Hippocrates’ earliest description around 400

disease to infections such as tuberculosis and syphilis,
culminating in the modern appreciation of SLE as a
multisystemic entity rather than a purely dermatologic
disorder [2]. This evolution reflects advances in
immunology and pathology that have clarified the
systemic nature of tissue injury and the centrality of
autoantibody-mediated mechanisms in  disease
expression [3]. Among the most consequential organ
manifestations is renal involvement, termed lupus
nephritis, which substantially drives long-term
morbidity and mortality. Although the clinical course
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is heterogeneous, kidney disease frequently emerges
within 3 to 5 vyears after initial SLE onset,
underscoring the need for vigilant longitudinal
surveillance even in patients who are initially
asymptomatic [4]. Importantly, histopathologic
evidence of nephritic changes may be present despite
minimal or absent clinical findings, a dissociation that
justifies protocolized screening in all SLE cohorts
rather than symptom-triggered testing alone [1].
Contemporary monitoring frameworks integrate serial
serum creatinine measurements, urine protein-to-
creatinine ratios, and urinalysis to detect evolving
renal dysfunction, particularly new or worsening
proteinuria that is typical of lupus nephritis [2]. The
timely interpretation of these laboratory signals—
paired with careful clinical assessment—enables
earlier detection of inflammatory activity and
facilitates prompt escalation of care to mitigate
irreversible nephron loss [3]. Given the high risk of
progression to end-stage renal disease (ESRD) when
diagnosis and therapy are delayed, early institution of
evidence-based treatment is paramount [4].
Therapeutic goals prioritize the normalization of
kidney function where achievable or, at minimum, the
stabilization of renal parameters to prevent further
decline [5]. Because lupus nephritis comprises a
spectrum of pathologic lesions with distinct
immunopathologic drivers and prognostic
implications, management must be individualized on
the basis of histologic classification, disease
chronicity, and activity indices derived from biopsy
and laboratory data [6]. In this context, aligning
clinical vigilance with structured laboratory
surveillance offers the best opportunity to intercept
renal injury trajectories early, tailor
immunosuppressive strategies appropriately, and
ultimately improve renal and overall outcomes in
patients living with SLE [5][6].
Etiology

The pathogenesis of lupus nephritis is a
complex interplay of genetic predisposition,
environmental triggers, and immune dysregulation
that culminates in immune complex—mediated
glomerular injury. Fundamentally, lupus nephritis
represents a type Il hypersensitivity reaction,
characterized by the deposition of circulating immune
complexes in renal tissues. These complexes primarily
consist of anti-double-stranded DNA (anti-dsDNA)
antibodies bound to nuclear antigens, including
chromatin fragments released during apoptosis or
defective clearance of cellular debris. When these
immune complexes localize in the mesangium,
subendothelial, or subepithelial zones of the
glomerular basement membrane, they provoke
complement activation and a cascade of inflammatory
events [7]. The complement system, particularly C1q,
C3, and C4, becomes consumed during this process,
facilitating leukocyte recruitment and the release of
proinflammatory mediators such as interleukin-6 (IL-
6) and tumor necrosis factor-alpha (TNF-a). The
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resulting oxidative stress, endothelial damage, and
mesangial proliferation lead to the structural and
functional alterations characteristic of lupus nepbhritis.
Genetic Factors

Genetic predisposition is one of the most
critical determinants of susceptibility to systemic
lupus erythematosus (SLE) and its renal
complications. The loss of immunological self-
tolerance, a hallmark of autoimmune diseases, is
widely considered to be polygenic in origin,
influenced by multiple interacting loci. More than 50
genetic polymorphisms have been implicated in the
development of lupus nephritis, encompassing genes
involved in immune regulation, complement
activation, and apoptotic pathways [7]. Among these,
polymorphisms in platelet-derived growth factor
receptor-alpha  (PDGFRA), apolipoprotein L1
(APOL1), and hyaluronan synthase 2 (HAS2) have
been repeatedly associated  with increased
susceptibility. Additionally, certain human leukocyte
antigen (HLA) alleles—particularly HLA-DR3 and
HLA-DR15—confer elevated risk, especially among
individuals of European ancestry, while HLA-DR4
and HLA-DR11 are associated with relative protection
[7]. These associations underscore the central role of
antigen presentation and adaptive immune responses
in disease pathogenesis. Familial clustering of SLE
further  strengthens the genetic  hypothesis.
Epidemiologic studies have demonstrated a familial
prevalence of approximately 10-12%, with markedly
higher concordance rates among monozygotic twins
(25-57%) compared with dizygotic twins (2—9%)
[8]1[9]. Such data confirm a substantial heritable
component but also highlight the influence of non-
genetic factors, as perfect concordance is absent even
among identical twins. This indicates that
environmental exposures, infections, and epigenetic
modifications likely serve as necessary cofactors in
triggering disease expression within genetically
susceptible hosts.
Molecular and Genetic Variants

Several key gene variants have been
mechanistically linked to lupus nephritis through their
effects on innate and adaptive immune pathways. The
IFIH1 gene, encoding melanoma differentiation—
associated protein 5 (MDADb), acts as a cytoplasmic
sensor for double-stranded RNA. Variants in IFIH1
enhance RNA binding affinity, leading to
hyperactivation of type | interferon (IFN) signaling, a
pathway intimately involved in SLE pathogenesis.
Patients carrying these risk alleles often display
exaggerated IFN signatures and a higher prevalence of
anti-dsDNA antibody formation, which directly
contribute to immune complex deposition in the
kidneys [10].
Another critical gene, ITGAM, encodes CD11b-
integrin (aM), a subunit of the Mac-1 (aMB2) complex
expressed on macrophages, neutrophils, and dendritic
cells. This integrin mediates phagocytosis and the
clearance of immune complexes, and its dysregulation
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impairs innate immune tolerance, promoting
inflammation and tissue injury [8]. Similarly,
polymorphisms in the FCGR gene family, which
encode Fc gamma receptors (FcyRs) responsible for
binding immunoglobulin G (IgG) immune complexes,
disrupt the normal clearance of these complexes and
perpetuate glomerular deposition [8][9]. The APOL1
and FcyRIla variants have been identified as
particularly relevant among individuals of African
descent, correlating with both higher prevalence and
greater severity of lupus nephritis [7]. These findings
reflect population-specific genetic vulnerabilities that
modulate  immune  response thresholds and
inflammatory potential. Collectively, these genetic
factors do not operate in isolation but instead converge
on shared pathogenic mechanisms—namely, aberrant
immune complex clearance, hyperactivation of
interferon pathways, and complement-mediated tissue
injury.  This  convergence underscores the
multifactorial and polygenic architecture of lupus
nephritis. Continued genomic and transcriptomic
investigations promise to refine our understanding of
these molecular underpinnings, paving the way for
precision-based diagnostic and therapeutic strategies
tailored to individual genetic and immunologic
profiles [8][9][10].
Environmental Factors

Environmental triggers play a critical role in
the onset and exacerbation of systemic lupus
erythematosus (SLE) and its renal manifestation, lupus
nephritis. While genetic predisposition establishes
susceptibility, environmental stimuli often act as the
precipitating factors that convert latent autoimmunity
into clinically overt disease. These triggers promote
immune dysregulation through mechanisms such as
molecular mimicry, oxidative stress, epigenetic
modification, and direct tissue injury. Among the
numerous environmental influences implicated,
ultraviolet (UV) radiation, air pollution, alterations in
the gut microbiome, and viral infections are the most
substantiated contributors [11][12][13].
Ultraviolet Radiation and Air Pollution

Ultraviolet (UV) light sensitivity is one of the
most well-documented environmental phenomena in
lupus pathogenesis. Studies suggest that up to 80% of
SLE patients exhibit photosensitivity, and skin
exposure to UV light frequently precipitates both
cutaneous lesions and systemic disease flares [11].
Mechanistically, UV radiation induces keratinocyte
apoptosis, leading to the release of nuclear antigens
such as DNA and histones. These extracellular nuclear
components become immunogenic targets for anti-
dsDNA antibodies, perpetuating immune complex
formation and deposition. Furthermore, UV exposure
stimulates neutrophilic infiltration within the skin,
promoting local inflammation. Neutrophils, however,
are not confined to the dermal milieu; evidence
indicates their migration to renal tubulointerstitial
spaces, where they amplify the inflammatory milieu
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and contribute to glomerular injury. This phenomenon
exemplifies the “skin—kidney axis,” whereby
inflammatory processes initiated in the skin may
propagate systemically and exacerbate lupus nephritis
[12]. Recent studies have expanded this paradigm by
linking air pollution to disease activity and renal
involvement in SLE. Chronic exposure to airborne
particulates such as nitrogen dioxide (NO:), ozone
(03), and particulate matter (PM2.5) is associated with
increased oxidative stress and immune activation.
Pollutants can enhance antigen presentation,
upregulate toll-like receptor expression, and impair
macrophage clearance of apoptotic debris—all
processes central to lupus immunopathogenesis. This
interplay between UV radiation, atmospheric
pollutants, and systemic inflammation reinforces the
concept that environmental oxidative stressors can
potentiate lupus flares and renal complications
through synergistic immunologic pathways [13].
Gut Microbiome and Intestinal Permeability

Another emerging area of environmental
influence in SLE involves gut microbiota
dysregulation. The human gut harbors a complex
microbial ecosystem that modulates both local and
systemic immune responses. In lupus, disruptions in
microbial diversity and composition—particularly an
increased Bacteroides/Firmicutes ratio—have been
observed, suggesting a pathogenic shift toward a pro-
inflammatory state [14]. This dysbiosis may lead to
increased intestinal permeability, allowing bacterial
products such as lipopolysaccharides (LPS) and
peptidoglycans to translocate into the bloodstream.
These microbial antigens can engage pattern
recognition receptors, activate dendritic cells, and
initiate molecular mimicry, in which microbial
peptides resemble self-antigens, thereby triggering
autoantibody formation [15]. In addition to bacterial
components, food antigens may modulate immune
activity by altering gut permeability and immune
tolerance. Dietary antigens from gluten, casein, and
certain preservatives have been hypothesized to elicit
or exacerbate autoimmune reactions in predisposed
individuals.  Although the evidence remains
preliminary, it underscores the importance of the gut—
immune axis in SLE pathophysiology. Further
investigation into microbiome modulation—through
diet, probiotics, or antibiotics—may reveal novel
preventive or therapeutic strategies for lupus nephritis
[16].
Viral Infections

Viral pathogens have long been recognized
as pivotal environmental triggers in lupus
development and exacerbation. Among them,
Epstein—Barr virus (EBV), parvovirus B19, and
human endogenous retroviruses (HERVs) are the most
extensively studied. EBV, for example, establishes
latent infection in B lymphocytes and can induce
polycolonal B-cell activation and autoantibody
production through the expression of viral nuclear
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antigens that mimic self-DNA and histones [17].
Similarly, parvovirus B19 infection has been linked to
lupus flares via cross-reactive immune responses and
the induction of type I interferon pathways. More
recently, the global pandemic caused by SARS-CoV-
2 has revealed another viral connection. Case reports
and cohort studies have described instances of de novo
SLE and lupus nephritis developing after COVID-19
infection [18]. The proposed mechanism involves
molecular mimicry between viral proteins and host
autoantigens, leading to an aberrant immune response
that persists beyond viral clearance. Moreover, the
cytokine storm associated with severe COVID-19
infection may unmask subclinical autoimmunity or
exacerbate preexisting disease.
Immune System Dysregulation

Immune system dysregulation in systemic
lupus erythematosus (SLE) and its renal manifestation,
lupus nephritis, reflects a multilayered failure of
immune tolerance that spans innate and adaptive arms.
At its core, lupus nephritis is a prototypical type Il
hypersensitivity process in which autoantibodies
directed against nuclear constituents assemble into
circulating immune complexes that lodge within the
glomerular filtration apparatus. These complexes form
either in the circulation or in situ after antibodies bind
“planted” antigens within the mesangium and along
subendothelial or subepithelial surfaces of the
glomerular ~ basement ~ membrane, initiating
complement activation and leukocyte recruitment that
drive  tissue injury  [9][19]. In  parallel,
antiphospholipid antibodies—common in a subset of
SLE—promote microvascular thrombosis by targeting
negatively charged phospholipid—protein assemblies,
thereby superimposing ischemic damage on immune
complex—mediated inflammation, a dual hit that is
particularly relevant in antiphospholipid syndrome—
associated nephropathy [20]. The autoantibody
repertoire in SLE is diverse and dynamic. Anti—
double-stranded DNA (anti-dsDNA) antibodies are a
hallmark, reflecting the immune system’s response to
extracellular chromatin derived from apoptotic cells;
nucleosome-containing immune complexes
subsequently deposit in glomeruli and the interstitium,
where they activate complement and stimulate
resident and infiltrating immune cells [9][19].
Notably, clinical and translational studies indicate that
other specificities—such as anti-enolase-1 and anti-
histone-2—may correlate even more strongly with
renal involvement, underscoring the heterogeneity of
pathogenic drivers within the broader anti-nuclear
antibody pool [20][21]. Additional autoantibodies,
including anti-C1q, anti-nucleosome, anti-a-actinin,
and anticardiolipin, participate in overlapping and
sometimes synergistic ways; for example, anti-a-
actinin can interact with anti-dsDNA to yield higher-
affinity complexes with enhanced glomerular avidity,
amplifying local inflammation and structural damage
[20].
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Disease  evolution  frequently reflects
“epitope spreading,” wherein an initial, relatively
narrow autoreactive response broadens to incorporate
additional epitopes on the same antigen and eventually
distinct molecules. In the kidney, this immunologic
broadening is mirrored by a topographic progression
of immune deposits: early mesangial-predominant
involvement (class I/11) gives way to subendothelial
and subepithelial deposition that characterizes
proliferative lesions (class 111/1V), often accompanied
by endocapillary hypercellularity, necrosis, and
crescent formation [20]. The expanding epitope
repertoire increases both the density and the diversity
of deposited immune complexes, sustaining
complement activation and perpetuating a feed-
forward loop of injury. Innate immune mechanisms
orchestrate much of this amplification. Neutrophils,
primed by immune complexes and Fc receptor
engagement, release neutrophil extracellular traps
(NETs)—chromatin lattices decorated with granular
proteins—that not only incite local cytotoxicity but
also provide additional nuclear antigen to maintain the
anti-nuclear  response.  Anti-dSDNA  antibodies
themselves can stimulate NETosis, creating a self-
reinforcing cycle of antigen supply and autoantibody
production [21]. Bone marrow and extramedullary
granulopoiesis contribute to neutrophil excess, while
mononuclear phagocytes undergo a phenotypic shift
from efficient efferocytosis toward antigen
presentation, diminishing clearance of apoptotic
debris and fostering persistent exposure to nuclear
autoantigens [9]. Dendritic cells, particularly
plasmacytoid subsets, sense nucleic acid—containing
immune complexes through endosomal Toll-like
receptors and secrete type | interferons (IFN-1), which
further lower B-cell activation thresholds and prime T-
cell responses, thereby linking innate sensing to
adaptive autoimmunity and fibrogenic pathways in the
kidney [9].

Adaptive immunity consolidates these
signals into durable autoreactivity. B cells not only
generate autoantibodies but also act as antigen-
presenting cells and cytokine producers. T-follicular
helper (Tfh) cells expand in active SLE and provide
potent help to autoreactive B cells within germinal
centers and ectopic lymphoid aggregates, while T-
regulatory (Treg) cell numbers and function are
relatively diminished, shifting the Tfh:Treg balance
toward pathogenic humoral immunity. This imbalance
is particularly pronounced in proliferative lupus
nephritis (classes 11l and 1V), where circulating Tth
cells correlate with disease activity and renal
inflammation  [18][22]. Within  the  kidney
microenvironment, resident cells, including mesangial
cells, podocytes, and tubular epithelial cells, are not
passive targets. They respond to cytokines and
immune complexes with chemokine secretion, antigen
presentation, and matrix remodeling; podocytes, in
particular, are injured by complement split products
and oxidative stress, culminating in foot-process
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effacement and proteinuria that characterize clinical
flares [19][22]. Cytokine networks cement these
pathological interactions. Type | interferons
upregulate BAFF (B-cell activating factor) signaling
pathways that sustain autoreactive B-cell survival and
class switching. Tubular epithelial cells can
themselves produce BAFF, fostering the formation of
tertiary lymphoid structures within the interstitium
that perpetuate local autoantibody production and
antigen presentation; BAFF is therefore an attractive
therapeutic target in renal SLE and has spurred
interventional studies exploring pathway blockade
[23]. Additional mediators—such as IL-6, IL-21, and
TGF-p—contribute to plasma cell differentiation,
fibrosis, and progressive loss of renal function,
providing mechanistic rationale for combined
immunomodulatory approaches in severe disease
[22][23].

Complement activation is both a trigger and
an effector arm of injury. Although classical pathway
engagement by immune complexes is a canonical
feature, robust evidence indicates that all three
pathways—<classical, lectin, and alternative—
participate in renal damage. Clinically, low serum C3
often tracks more closely with disease activity in lupus
nephritis than low C4, implicating the alternative
pathway’s amplification loop in  sustaining
complement activation within glomeruli [18].
Generation of C3a and Cba recruits and activates
leukocytes, while assembly of the membrane attack
complex (C5b-9) on podocytes and endothelial cells
induces sub-lethal injury, cytoskeletal rearrangement,
and prothrombotic surface changes. In patients with
concurrent antiphospholipid antibodies, complement-
driven endothelial activation intersects with antibody-
mediated coagulation pathway perturbations to
promote glomerular capillary thrombosis and cortical
ischemia, worsening outcomes despite control of
conventional immune complex activity [20]. Beyond
classical immune pathways, metabolic and
environmental modulators shape disease severity.
Vitamin D exerts broad immunoregulatory effects,
including inhibition of dendritic cell maturation,
promotion of Treg development, and attenuation of B-
cell proliferation. Observational studies in SLE
consistently associate lower 25-hydroxyvitamin D3
levels with heightened disease activity and increased
risk of nephritis, with an inverse relationship between
vitamin D status and flare propensity; however,
causality is difficult to parse, in part because
photosensitivity and medical advice to avoid sun
exposure may depress cutaneous synthesis of vitamin
D in this population [18][24]. These data nonetheless
suggest that vitamin D repletion could complement
immunosuppressive regimens, though definitive
interventional evidence remains an area of ongoing
research [24].
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Epidemiology

Systemic lupus erythematosus (SLE) is a
chronic autoimmune disease with a highly variable
epidemiologic profile influenced by age, gender,
ethnicity, and geographic distribution. Although SLE
can affect individuals of all ages and backgrounds, it
shows a striking predilection for women of
childbearing age and certain ethnic populations.
Among its many complications, lupus nephritis
represents one of the most clinically significant due to
its impact on long-term renal and overall survival
outcomes. Approximately 40% of patients with SLE
develop lupus nephritis, making it the most frequent
cause of secondary glomerulonephritis worldwide
[18]. Despite advances in immunosuppressive therapy,
about 10% to 30% of affected individuals will
progress to end-stage renal disease (ESRD) within a
decade of diagnosis, underscoring the serious nature of
renal involvement in lupus and the need for early
diagnosis and aggressive management [18].
Age-Related Trends

Lupus nephritis typically emerges early in the
course of systemic lupus erythematosus and most
often affects individuals between the ages of 20 and
40, coinciding with the peak incidence of SLE itself
[25]. The onset of lupus nephritis during this period is
particularly concerning, as it coincides with the most
productive and reproductive years of life, thereby
amplifying the disease’s psychosocial and economic
burden. Notably, pediatric-onset SLE tends to follow
a more severe trajectory compared with adult-onset
cases. Children and adolescents with lupus exhibit
higher frequencies of renal involvement, often
presenting with  proteinuria, hematuria, and
hypertension earlier in the disease course [26]. The
reasons for increased renal involvement among
pediatric  patients are multifactorial. Genetic
susceptibility heightened immune reactivity, and
delayed recognition of early clinical signs contribute
to the aggressive nature of childhood lupus nephritis.
Furthermore, disease activity and cumulative organ
damage are often greater in this population, which may
be compounded by challenges in medication
adherence, growth-related pharmacokinetics, and
hormonal changes during puberty [25][26].
Consequently, pediatric patients with lupus nephritis
require more vigilant monitoring and often more
intensive immunosuppression to prevent irreversible
renal damage and progression to ESRD.
Gender-Related Distribution

One of the defining features of SLE and lupus
nephritis is their strong gender bias. Women constitute
approximately 90% of all SLE patients, resulting in a
female-to-male ratio of about 9:1 [27]. This
disproportionate prevalence is largely attributed to the
immunomodulatory effects of estrogen, which
promotes  B-cell  hyperactivity, autoantibody
production, and type | interferon responses—all
central to lupus pathogenesis. Conversely, androgens
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may exert a protective effect by suppressing immune
activation, explaining the lower disease frequency in
men. Despite their lower incidence, men with SLE
often experience a more aggressive disease course,
particularly in relation to renal manifestations. Studies
have shown that male patients present with higher
rates of lupus nepbhritis, greater degrees of proteinuria,
and poorer renal outcomes compared to their female
counterparts [27]. This paradox—Ilower prevalence
but more severe expression—suggests that once the
protective hormonal influence is lost or overridden,
male patients may be predisposed to a more
inflammatory disease phenotype. Hormonal factors,
differences in immune cell gene expression, and
variations in healthcare-seeking behavior may
collectively contribute to this gender disparity in
disease severity [27].
Ethnicity-Related Patterns

Ethnic background significantly influences
both the prevalence and clinical expression of SLE and
lupus nephritis. The disease is notably more prevalent
among Hispanic, Black, and Asian populations
compared to White populations, with the highest rates
observed in Caribbean populations [28]. The reasons
for these disparities are multifactorial, encompassing
genetic, socioeconomic, and environmental factors.
Polymorphisms in genes such as APOL1, HLA-
DRBI1, and Fcy receptor genes contribute to the
heightened susceptibility and poorer renal outcomes
observed in individuals of African and Hispanic
ancestry [7]. Among patients with SLE, Asian
populations demonstrate a particularly  high
prevalence of lupus nephritis. However, despite higher
incidence rates, Asian patients tend to achieve better
10-year renal survival and overall outcomes than their
White or Black counterparts [18][28]. This improved
prognosis has been attributed to earlier disease
detection, greater treatment adherence, and genetic
factors that may modulate immune response and
therapeutic efficacy. In contrast, Black and Hispanic
patients with SLE often present with more severe renal
impairment at diagnosis, reflected in higher serum
creatinine levels and more pronounced proteinuria
compared with White patients [7]. Socioeconomic
determinants—including access to healthcare,
comorbid conditions, and treatment disparities—
exacerbate these outcomes. In addition, environmental
stressors such as chronic psychosocial stress and
exposure to urban pollutants may amplify systemic
inflammation, accelerating renal damage in
genetically susceptible individuals [28].
Global and Socioeconomic Considerations

Globally, SLE and lupus nephritis show
regional variation in incidence and outcomes. Higher
rates are reported in North America, the Caribbean,
and parts of Asia, whereas lower rates are seen in
Europe and sub-Saharan Africa. These patterns may
reflect  differences in  genetic  background,
environmental exposures, healthcare infrastructure,
and diagnostic capacity. In high-income countries,
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earlier diagnosis and access to immunosuppressive
therapy have improved renal outcomes and survival,
though disparities persist among ethnic minorities
even within these healthcare systems [18]. Overall,
lupus nephritis represents a significant contributor to
morbidity and mortality in patients with SLE across all
populations. Its epidemiology underscores the
intersection of biological, environmental, and social
determinants of health. Recognizing the influence of
age, gender, and ethnicity is essential for designing
tailored screening strategies, ensuring equitable access
to care, and guiding the development of targeted
therapies aimed at improving renal outcomes in this
heterogeneous and complex autoimmune disease
[71[18][25][26][27][28].

Pathophysiology

Lupus nephritis arises from a convergence of
glomerular, tubulointerstitial, and vascular immune
injuries that together determine clinical expression and
long-term renal outcomes. In systemic lupus
erythematosus (SLE), circulating and in situ—formed
immune complexes trigger complement activation and
leukocyte recruitment within the kidney, producing
mesangial hypercellularity, endocapillary
proliferation, necrosis, crescents, and podocyte injury
in variable combinations. Clinically, kidney
involvement develops in roughly 40% of patients—
often within five years of SLE diagnosis—and 10% to
30% progress to end-stage renal disease (ESRD) by 10
years despite contemporary therapy, emphasizing the
need for accurate classification and timely, targeted
treatment [18]. Presentation spans a spectrum from
asymptomatic urinary abnormalities to overt nephritic
or nephrotic syndromes, and disease activity typically
attenuates over time as immune injury gives way to
scarring; nevertheless, smoldering activity can persist
and drive cumulative damage if not recognized and
controlled [29][30]. Renal biopsy is therefore
foundational to diagnosis and risk stratification,
because histopathologic patterns carry distinct
therapeutic implications. Indications for biopsy
commonly include a urine protein-to-creatinine ratio
exceeding 500 mg per 24 hours (or persistent
subnephrotic  proteinuria  with  active urinary
sediment), unexplained or progressive renal
dysfunction, or dysmorphic hematuria with casts.
Tissue assessment integrates light microscopy,
immunofluorescence, and electron microscopy to
define the topography and intensity of immune
deposition and to quantify both active inflammation
and chronic injury (interstitial fibrosis and tubular
atrophy), thereby anchoring management to objective
pathology rather than serology or urinary indices alone
[29][30].

The current standardized classification—
derived from successive World Health Organization
(WHO) frameworks and refined by the International
Society of Nephrology/Renal Pathology Society
(ISN/RPS)—categorizes lupus nephritis into six
classes based on glomerular morphology and the
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distribution of immune deposits. In class I, or minimal
mesangial lupus nephritis, glomeruli appear normal by
light microscopy, but immunofluorescence reveals
mesangial immune complexes; clinical correlates are
often subtle, and prognosis is generally excellent when
renal function is preserved [29]. Class |1, proliferative
mesangial disease, features mesangial hypercellularity
and matrix expansion with mesangial immune
deposition; it typically manifests as microscopic
hematuria and low-grade proteinuria with normal
creatinine, although evolution to more aggressive
classes can occur, meriting surveillance for
superimposed activity [29][31]. Classes Il and IV—
focal and diffuse proliferative lupus nephritis—
represent the major proliferative phenotypes and the
principal determinants of long-term renal risk. Class
Il involves fewer than 50% of glomeruli with
segmental or global endocapillary hypercellularity,
subendothelial ~ “wire-loop” immune  deposits,
necrosis, and crescents; class IV extends these lesions
to 50% or more of glomeruli, often with greater
intensity and chronicity indices. Immunofluorescence
demonstrates mesangial and capillary wall deposits,
and electron microscopy confirms mesangial,
subendothelial, and sometimes subepithelial immune
complexes. Clinically, hematuria, proteinuria, reduced
glomerular filtration, and hypertension predominate,
and serologic activity (high anti-dsDNA, low
complement) is common. Class IV is the most frequent
and confers the worst short- and long-term prognosis;
meta-analytic data indicate that 15% to 30% of
patients fail to achieve remission, and among those
who do, 15% to 30% subsequently relapse,
highlighting a pattern of refractory or recurrent
inflammation that requires meticulous induction and
maintenance strategies [29][31].

Class V, membranous lupus nephritis, is
characterized by prominent subepithelial immune
complex deposition and thickened capillary loops with
or without mesangial involvement. Podocyte injury
and effacement of foot processes produce nephrotic-
range proteinuria, hyperlipidemia, and edema, while
serum creatinine may be only mildly elevated at
presentation. Class V can occur alone or in
combination with class Ill or 1V lesions, the latter
combination portending a more complex clinical
course because nephrotic physiology intersects with
proliferative activity to increase both thrombotic and
infectious risks [29]. Class VI, advanced sclerosing
lupus nephritis, reflects end-stage scarring in at least
90% of glomeruli, often with minimal residual
immune deposition due to replacement by matrix;
biopsy in this context is less common because patients
frequently present with established ESRD, but when
performed it confirms irreversible chronic damage and
redirects management toward renal replacement and
transplant planning [29][31]. Across classes, the
tubulointerstitium and vasculature critically modulate
outcomes. Interstitial inflammation and tubular
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epithelial injury correlate strongly with progressive
loss of function, while chronic interstitial fibrosis and
tubular atrophy are powerful predictors of
nonrecovery even after immunologic quiescence.
Vascular lesions range from immune complex—
mediated capillaritis and endothelial swelling to true
thrombotic microangiopathy, particularly in patients
with  antiphospholipid antibodies, compounding
ischemic injury on top of immune complex—driven
inflammation. These lesions help explain discordances
between glomerular histology and clinical phenotype
and underscore why biopsy evaluation must extend
beyond glomeruli to interstitial and vascular
compartments to accurately stage risk and tailor
therapy [29][31]. Epidemiologic patterns intersect
with pathophysiology to influence natural history.
Because lupus nephritis frequently arises within the
first five years of SLE, the window for intercepting
aggressive proliferative classes is early; once
chronicity indices accumulate, responsiveness
declines and the trajectory bends toward ESRD. Even
with remission, relapse remains a significant threat in
class 1V disease, and cumulative flares accelerate
scarring through cycles of active injury and
incomplete repair, consistent with the observed 10%
to 30% 10-year ESRD rate in unselected cohorts
[18][29]. Clinically, some patients manifest only
asymptomatic urinary abnormalities, yet the histologic
burden can be substantial; conversely, overt nephritic
or nephrotic presentations may coexist with limited
chronic damage if recognized promptly, arguing for a
low threshold to biopsy when clinical or serologic
activity emerges [30][31].

Beyond renal outcomes, lupus nephritis
amplifies  systemic  vascular risk.  Persistent
inflammation, immune complex deposition within the
vasculature, complement activation, and treatment-
related metabolic effects converge to accelerate
atherosclerosis. Coronary artery disease (CAD)
becomes the leading cause of death among individuals
living more than five years with SLE, and the risk of
fatal myocardial infarction is approximately threefold
higher than in age-matched controls. Mechanistic
contributors  include  endothelial  dysfunction,
vasculitis, thrombosis related to antiphospholipid
antibodies, embolization from cardiac and vascular
lesions, and vasospasm—processes that are
accentuated in patients with renal involvement,
hypertension, and dyslipidemia typical of nephrotic
states [32]. These cardiovascular risks necessitate
integrated management that addresses not only
immunologic activity but also blood pressure, lipid
profiles, glycemic control, and antithrombotic
strategies when indicated.

Histopathology

The histopathology of lupus nephritis reflects
the convergent effects of circulating and in situ—
formed immune complexes, complement activation,
and downstream inflammatory and fibrotic
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remodeling across all renal compartments. Which
histologic phenotype emerges in a given patient is
shaped by the antigenic specificity and avidity of
autoantibodies, the physicochemical properties and
size of the immune complexes they form, and host
factors that tune the inflammatory response, repair
pathways, and fibrosis. In severe forms, proliferation
of endothelial, mesangial, and epithelial (podocyte and
parietal epithelial) cells is accompanied by
extracellular matrix accumulation, culminating in
segmental and global glomerulosclerosis and
interstitial ~ scarring.  Across  this  spectrum,
characteristic immune deposits are frequently
demonstrable: ~ immunoglobulins  of  multiple
isotypes—IgG, IgA, and IgM—together with
complement components C1q, C3, and, in many cases,
properdin, localize to mesangial, subendothelial, and
subepithelial zones and are often accompanied by
interposed inflammatory leukocytes. The resulting
“full-house” pattern by immunofluorescence is a
hallmark that integrates with light microscopy and
electron microscopy to define class, activity, and
chronicity in a manner that informs prognosis and
therapy [30][33]. The standardized framework for
interpreting these findings has evolved from early
World Health Organization proposals to the current
International Society of Nephrology/Renal Pathology
Society (ISN/RPS) classification. This system anchors
diagnosis in glomerular morphologic features under
light microscopy, documents the distribution and
intensity of immune deposits by immunofluorescence,
and confirms the ultrastructural location and character
of deposits by electron microscopy. In 2018, the
ISN/RPS introduced quantitative refinements that
formalized scoring of active and chronic lesions,
improving reproducibility and prognostic resolution
across centers and studies [30][33]. As a result, renal
biopsy is not merely confirmatory; it is the
indispensable tool that translates the immunobiology
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Figure-1: Lupus Nephritis, Class 1. Hematoxylin
and eosin staining at x400 magnification.

In class I, minimal mesangial lupus nephritis,
glomeruli appear morphologically normal on light
microscopy; however, immunofluorescence reveals
mesangial immune complex deposition, and electron
microscopy can detect corresponding mesangial
electron-dense  deposits. Podocyte foot process
effacement may be present but is typically limited. The
paucity of proliferative change explains the frequently
subtle clinical expression of this class, which may
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present with no more than microscopic urinalysis
abnormalities. Class 11, mesangial proliferative lupus
nephritis, extends this  pattern:  mesangial
hypercellularity and matrix expansion are visible by
light microscopy, while immunofluorescence again
highlights mesangial deposition without
subendothelial or subepithelial deposits. A practical
morphologic criterion often used is the identification
of at least four mesangial nuclei fully surrounded by
matrix in nonhilar mesangium, a threshold that helps
distinguish true mesangial proliferation from focal
accentuation. Proteinuria and hematuria are common
correlates, yet renal function frequently remains intact
at this stage [33]. Classes Ill and 1V—the focal and
diffuse proliferative variants—encapsulate the most
aggressive inflammatory phenotypes. Both are defined
by endocapillary hypercellularity that may be
segmental or global within the involved glomeruli,
together with the cardinal presence of immune
complex deposition in mesangial, subendothelial, and
sometimes subepithelial locations. Class assignment is
based on the fraction of glomeruli involved: fewer than
50% in class 11l and 50% or more in class IV. Light
microscopy in these classes often discloses endothelial
swelling, capillary luminal occlusion by proliferating
cells and infiltrating leukocytes, karyorrhexis,
fibrinoid necrosis, and crescents. Immunofluorescence
reveals granular capillary-wall and mesangial staining
for 1gG, IgA, IgM, C3, and Clq in variable
combinations, while electron microscopy confirms
abundant subendothelial deposits that can bulge the
capillary wall into classic “wire  loop”
configurations—one of the most recognizable
indicators of renal activity in lupus. The diffuse pattern
(class 1V) is the most prevalent and carries the highest
risk of short- and long-term kidney failure, a reality
that has been consistently reproduced in cohort studies
and meta-analyses and underlies its designation as the
most ominous class from a prognostic standpoint
[29][31][33].

Class V, membranous lupus nephritis,
emphasizes subepithelial immune complex deposition
along the outer aspect of the glomerular basement
membrane. The resulting spike formation and
basement membrane thickening produce a uniform
capillary wall ribboning on light microscopy and
granular capillary immunofluorescence with attendant
mesangial staining; electron microscopy identifies
discrete subepithelial electron-dense deposits often
accompanied by podocyte foot process effacement.
The clinical corollary is nephrotic-range proteinuria
with variable degrees of renal insufficiency.
Importantly, class V can coexist with class 11l or 1V
lesions, a mixed pattern that complicates management
because the nephrotic physiology of membranous
disease overlays the inflammatory proliferation of the
focal or diffuse class. Class VI, advanced sclerosing
lupus nephritis, represents end-stage scarring, with
global or segmental sclerosis in at least 90% of
glomeruli; in this burned-out phase, immune deposits
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are often no longer detectable by immunofluorescence
because functional glomerular architecture has been
replaced by matrix, and the biopsy serves chiefly to
confirm  chronic  irreversibility —and  guide
nonimmunosuppressive  management [33]. The
lexicon used to describe lesions—particularly in
classes Il and IV—matters for both scoring and
clinical decision-making. Crescents are defined as
extracapillary hypercellularity that occupies 10% or
more of the circumference of Bowman’s capsule; they
are subclassified by composition into cellular (more
than 75% cells and fibrin), fibrocellular (25-75% cells
and fibrin with a fibrous matrix), and fibrous (more
than 75% fibrous matrix) crescents. Cellular crescents
signal active, potentially reversible capillary wall
rupture; fibrous crescents, in contrast, denote chronic,
largely irreversible damage. Adhesions are areas of
continuous extracellular matrix that tether the
glomerular tuft to Bowman’s capsule even when overt
segmental sclerosis is not present, often marking prior
capillary wall injury that has healed with scarring.
Fibrinoid necrosis is identified by fibrin deposition
associated with glomerular basement membrane
disruption or mesangial matrix lysis; it represents a
fulminant active lesion that, while reminiscent of
antineutrophil ~ cytoplasmic  antibody-associated
vasculitis, occurs in lupus in the context of immune
complex injury. Tubulointerstitial inflammation is
commonly present and must be reported explicitly as
occurring with or without concurrent fibrosis, because
the quantity and chronicity of interstitial lesions are
powerful predictors of renal outcome independent of
glomerular class [33].
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Figure-2: Lupus Nephritis, Class 111. Hematoxylin
and eosin—stained sections at X400 magnification.

Recognizing that histologic descriptors vary
in their implications for immediate treatment and long-
term prognosis, the 2018 ISN/RPS update codified
activity and chronicity indices. The activity index (0—
24) aggregates  semiquantitative  scores  for
endocapillary hypercellularity, neutrophils and/or
karyorrhexis, fibrinoid necrosis, hyaline “wire loop”
deposits or hyaline thrombi, cellular or fibrocellular
crescents, and interstitial inflammation. Each category
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is scored 0-3 based on the fraction of glomeruli or
cortical area involved; because fibrinoid necrosis and
cellular/fibrocellular crescents particularly reflect
fulminant capillary injury, their scores are doubled in
the total, emphasizing their clinical gravity. The
chronicity index (0-12) sums the extent of global or
segmental glomerulosclerosis, fibrous crescents,
tubular atrophy, and interstitial fibrosis, each likewise
graded from 0 to 3. Together, these indices distinguish
potentially reversible inflammatory activity from
established structural damage, providing a common
language to track response over time and to stratify
risk in clinical trials and practice [33]. These scores
convey more than numeric abstraction. A high activity
index correlates with brisk serologic activity, heavy
proteinuria and hematuria, and rapid decline in
filtration rate; it forecasts the need for
immunosuppressive induction and predicts the
likelihood of short-term remission when coupled with
appropriate therapy. In contrast, the chronicity index
integrates the residue of prior flares and incomplete
repair, quantifying the scarring that limits functional
recovery even if inflammation is quelled. Across
multiple cohorts, a higher chronicity index portends
worse renal survival and a muted response to therapy,
with particularly strong contributions from tubular
atrophy and interstitial fibrosis—lesions that mirror
final common pathways of nephron loss in chronic
kidney disease [34][35]. In day-to-day practice, these
indices refine clinician judgment: a patient with high
activity and low chronicity may be an excellent
candidate for aggressive induction aimed at organ
salvage, whereas high chronicity, even with modest
activity, warns that expectations for recovery should
be tempered and that supportive measures to slow
further decline must be prioritized alongside carefully
selected immunomodulation.

Immunofluorescence and electron
microscopy deepen this risk portrait. The “full-house”
staining pattern—simultaneous positivity for IgG,
IgA, IgM, C3, and C1g—supports a diagnosis of lupus
nephritis in the proper clinical context and signals
robust immune complex deposition. Subendothelial
deposits visible by electron microscopy often pair with
endocapillary hypercellularity on light microscopy
and low complement levels clinically; these deposits
are also the substrate for wire loop lesions, which are
not merely iconic but function as histologic
barometers of active disease. Mesangial deposits alone
align with mesangial classes and milder phenotypes,
whereas the appearance of subepithelial deposits,
particularly in organized rows along the outer
glomerular basement membrane, should prompt
consideration of membranous features and the
attendant risk of nephrotic syndrome. Podocyte foot
process effacement, while not specific to lupus,
conveys the hemodynamic and permeability
consequences of immune injury and explains the
magnitude of proteinuria in membranous and mixed
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classes [33]. The tubulointerstitial compartment
likewise deserves meticulous attention. Interstitial
leukocytic  infiltrates  reflect  cytokine-driven
recruitment by injured tubular epithelial and
endothelial cells and may form tertiary lymphoid
structures that perpetuate local autoantibody
production and antigen presentation. When
inflammation resolves incompletely, fibroblast
activation and extracellular matrix deposition ensue,
producing interstitial fibrosis and tubular atrophy that
are often irreversible. These lesions can dissociate
from glomerular findings—patients with substantial
interstitial disease may have only modest glomerular
proliferative features—hence the explicit scoring of
interstitial processes in the 2018 framework. Vascular
changes, including immune complex capillaritis and
thrombotic ~ microangiopathy, intersect  with
glomerular injury to compromise perfusion and
accelerate nephron dropout; their recognition helps
explain refractory hypertension, abrupt kidney
function declines, and the need to evaluate for
antiphospholipid  antibodies and  complement-
amplifying states [33][34].

From a pathophysiologic vantage, the
histologic tableau is a time-stamped imprint of
immunologic events unfolding within the kidney.
Early mesangial deposition is consistent with lower-
affinity or smaller complexes and robust mesangial
clearance, whereas the appearance of subendothelial
deposits and endocapillary proliferation indicates
more substantial immune complex burden and
complement activation sufficient to disrupt the
endothelial-glycocalyx interface. Crescents signify
capillary wall rupture and Bowman’s capsule
activation; abundant fibrinoid necrosis implies
explosive  necroinflammation. With  time—and
particularly after repeated flares—matrix
accumulation, capillary loop obliteration, and
interstitial scarring dominate, shrinking the pool of
salvageable nephrons. It is this dynamic evolution that
the class system and the activity/chronicity indices
capture, permitting clinicians to map where a patient
stands on the continuum from inflammation to
sclerosis and to match therapy intensity accordingly
[30][33][34]. Finally, although glomerular class
guides initial therapeutic strategy, the quantification of
active versus chronic lesions often calibrates
expectations and informs trial eligibility and
endpoints. For instance, in proliferative lupus
nephritis, high-weighted activity components—
fibrinoid necrosis and cellular crescents—ijustify
urgent, potent induction to avert irreversible injury,
while relatively low chronicity augurs a meaningful
chance of functional recovery. Conversely, in
advanced sclerosing disease, the predominance of
glomerulosclerosis and tubulointerstitial scarring
signals that immunosuppressive toxicity —may
outweigh benefit, and emphasis shifts to blood
pressure  control,  renin—angiotensin—aldosterone
system  modulation, lipid management, and
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preparation for renal replacement therapy when
appropriate. In all scenarios, careful documentation of
wire loop lesions, hyaline thrombi, and interstitial
inflammation provides a baseline against which
response is measured on repeat biopsy when clinically
indicated, anchoring longitudinal care in objective
tissue biology [33][35].
History and Physical

The clinical presentation of lupus nephritis is
deeply intertwined with the systemic manifestations of
systemic lupus erythematosus (SLE). Since SLE is a
multisystem autoimmune disease, the Kkidney
involvement that defines lupus nephritis often
develops within the broader context of widespread
immune-mediated injury. However, the onset of renal
disease is frequently insidious. Many patients remain
asymptomatic in the early stages, with nephritis first
detected through routine laboratory surveillance rather
than overt clinical complaints. Recognizing subtle
clues and maintaining vigilant follow-up are therefore
critical to preventing irreversible renal damage and
improving long-term outcomes [27][36].
Clinical History

Patients with lupus nephritis frequently
exhibit a spectrum of general SLE symptoms
preceding or coinciding with renal involvement. These
may include malar or discoid rash, fatigue, fever,
photosensitivity, serositis, oral ulcers, nonerosive
arthritis, seizures, psychosis, or hematologic
abnormalities such as anemia, leukopenia, or
thrombocytopenia. Such systemic features often
provide the first clue to the autoimmune process before
renal pathology becomes evident. In some cases,
however, nephritis can emerge as the initial
presentation of SLE, underscoring the disease’s
heterogeneous nature [27]. During the early stages of
lupus nephritis, patients may be entirely asymptomatic
or experience only mild urinary changes. Subtle
symptoms such as polyuria, nocturia, and foamy urine
may reflect early proteinuria or tubular dysfunction.
Proteinuria is often the earliest and most consistent
laboratory marker of renal involvement. When urinary
protein excretion exceeds 3.5 g/day, the patient meets
the criteria for nephrotic syndrome, typically
accompanied by hypoalbuminemia and peripheral
edema. The edema is usually most noticeable in
dependent areas, such as the ankles and periorbital
region, and can progress to generalized swelling
(anasarca) as the disease advances. Microscopic
hematuria is also common and reflects glomerular
inflammation and injury [36]. Some patients do not
report symptoms at all, but routine follow-up testing
for known SLE reveals abnormal findings such as
elevated serum creatinine, low serum albumin, or the
presence of active urinary sediment (red blood cells,
white blood cells, or casts). These subclinical findings
are typical in mesangial or membranous lupus
nephritis, where structural injury may not yet produce
significant hemodynamic compromise. As the disease
progresses to diffuse proliferative lupus nephritis
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(class 1V), renal symptoms become more apparent,
and hypertension frequently develops as a
consequence of glomerular and vascular injury.
Hypertensive symptoms can include headache,
dizziness, visual disturbances, and, in severe cases,
signs of left ventricular hypertrophy or heart failure
due to chronic afterload stress [27].
Physical Examination

Physical findings in lupus nephritis depend
on both the underlying SLE activity and the degree of
renal involvement. In focal and diffuse immune-
complex—mediated forms (classes Il and 1V), patients
often exhibit generalized lupus features such as malar
rash, photosensitivity, oral or nasal ulcers, synovitis,
and pleuritic or pericardial friction rubs from serositis.
These manifestations reflect systemic immune
activation and provide important diagnostic context
for renal disease. Evidence of fluid retention is among
the most common renal-specific findings. Peripheral
edema typically arises from either hypoalbuminemia
(due to heavy proteinuria) or salt and water retention
secondary to impaired renal excretory function. Pitting
edema over the ankles, shins, and sacrum is frequently
seen in hospitalized patients with active nephritis. In
more severe cases, generalized edema is accompanied
by ascites, pleural effusions, or pericardial effusion,
findings that can be appreciated on physical
examination as abdominal distention, dullness to
percussion, or distant heart sounds. These signs are
particularly prominent in membranous lupus nephritis
(class V) and in lupus podocytopathy, where nephrotic
syndrome predominates in the absence of significant
hypertension [36]. Blood pressure measurement is a
crucial component of the physical examination.
Hypertension is common in proliferative classes of
lupus nephritis (111 and 1V), resulting from both
glomerular inflammation and activation of the renin—
angiotensin—aldosterone system. Chronic uncontrolled
hypertension accelerates renal damage, perpetuating a
vicious cycle of glomerulosclerosis and further
nephron loss. Therefore, documentation of even
modest elevations in blood pressure should prompt
consideration of renal biopsy and therapeutic
adjustment. In contrast, patients with isolated
membranous lupus nephritis or podocytopathy often
exhibit nephrotic features without hypertension. These
include peripheral edema, ascites, and serous effusions
in the pericardial or pleural spaces. Children are
especially prone to lupus podocytopathy, where edema
may develop rapidly in the setting of minimal change—
like lesions on biopsy. Such presentations emphasize
that lupus nepbhritis is not a uniform process but rather
a diverse set of histopathologic syndromes that
converge on the kidney [27][36]. More severe renal
pathologies, such as collapsing glomerulopathy and
thrombotic microangiopathy (TMA), although rare,
can present with sudden-onset hypertension, rapidly
declining renal function, and microangiopathic
hemolytic anemia. Physical examination may reveal
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marked edema, retinopathy, or neurologic changes
suggestive of hypertensive encephalopathy. Because
these lesions carry a grave prognosis, renal biopsy is
imperative to differentiate them from the more
common immune complex—mediated variants and to
guide urgent therapy [27].
Integrated Assessment

A comprehensive evaluation of lupus
nephritis integrates clinical history, physical findings,
and laboratory assessment. The physical examination
must be contextualized within the systemic activity of
SLE: the coexistence of skin lesions, arthritis,
serositis, or hematologic abnormalities strengthens the
suspicion that renal findings are lupus-related rather
than coincidental. The presence of foamy urine,
dependent edema, or new-onset hypertension should
prompt immediate laboratory evaluation, including
serum creatinine, urinalysis, protein quantification,
and complement levels. Because lupus nephritis may
evolve silently, regular surveillance—even in the
absence of symptoms—is essential. This approach is
particularly critical for women of childbearing age,
who are disproportionately affected, and for patients
of Black, Hispanic, or Asian ancestry, who are at
higher risk for severe renal disease. Early detection
through vigilant history-taking and examination offers
the best chance to intervene before irreversible
nephron loss occurs. In summary, the history and
physical examination in lupus nephritis serve as the
clinical foundation for diagnosis and management.
While early disease may be silent, careful attention to
subtle symptoms such as nocturia, foamy urine, or
mild edema—combined with systematic assessment
for broader SLE features—enables timely
identification of renal involvement. Physical findings,
especially those related to hypertension and fluid
retention, reflect the underlying histologic class and
disease activity, guiding the need for confirmatory
biopsy and early initiation of therapy [27][36].
Evaluation
Laboratory

In the evaluation of suspected lupus nephritis,
laboratory testing anchors both initial detection and
longitudinal monitoring of disease activity. In active
systemic lupus erythematosus (SLE),
hypocomplementemia is common, with serum C3 and
C4 levels typically reduced in parallel with rising titers
of  anti-double-stranded DNA  (anti-dsDNA)
autoantibodies; this serologic constellation often
precedes or accompanies renal flares and helps
contextualize urinary findings [37]. Serum creatinine
may be normal early in the disease—despite
meaningful renal inflammation—so its elevation,
when present, usually indicates either substantial
active injury or accrued chronic damage. Urinalysis is
therefore indispensable: proteinuria, microscopic
hematuria, and red blood cell casts are classic
indicators of glomerular involvement, with proteinuria
serving as the most sensitive routine marker of lupus
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nephritis activity. When urinary protein excretion
exceeds 3.5 g per day, nephrotic-range proteinuria is
established and  typically  correlates  with
hypoalbuminemia on a comprehensive metabolic
panel, especially after sustained disease activity [37].
Because early disease may be clinically silent,
consensus practice is to screen patients with active
SLE for proteinuria and hematuria at least every three
months, even in the absence of new symptoms, to
intercept renal involvement before irreversible
scarring occurs [38]. Despite their ubiquity,
proteinuria and creatinine are blunt tools. Both may
lag behind immunologic changes and, when abnormal,
can reflect longstanding injury rather than
contemporaneous inflammatory  activity.  This
limitation has accelerated interest in more responsive
urinary  biomarkers  that  mirror intrarenal
immunopathology. Among these, urinary soluble
CD163—a cleaved product of the hemoglobin—
haptoglobin  scavenger receptor on activated
macrophages—has emerged as a particularly
promising indicator. Multiple studies demonstrate that
uCbD163 levels track closely with histologic activity
and clinical flares in lupus nephritis; importantly,
declines in uCD163 frequently precede improvements
in proteinuria and serum creatinine, suggesting it may
function as an “early warning” signal of therapeutic
response [38][39]. Moreover, receiver operating
characteristic analyses indicate that uCD163
outperforms traditional serologies (anti-dsDNA,
complement) for flare discrimination in some cohorts,
supporting its potential role in risk stratification and
treatment tailoring across inflammatory renal diseases
[37]1[39]. While standardization of assays and
threshold values remains an active area of research,
integrating uCD163 into the laboratory panel can
refine decision-making, particularly when
conventional metrics are equivocal. Additional
laboratory information contextualizes renal risk and
complications. Persistent hypoalbuminemia reflects
either ongoing nephrotic loss or malnutrition and
portends edema, hyperlipidemia, and thrombotic
vulnerability, whereas active urinary sediment—
dysmorphic red cells, leukocytes, and casts—supports
ongoing glomerular inflammation even when
proteinuria appears modest [37]. Serial linkage
between serologic activity (rising anti-dsDNA, falling
complement) and urinary abnormalities can guide the
timing of biopsy and intensity of immunosuppression,
while normalization of complement and antibody
titers, coupled with improving urine indices, generally
signifies remission trajectories, though histologic
confirmation is sometimes needed to validate true
quiescence [38][39].
Radiographic

Imaging complements laboratory testing by
excluding structural mimics of medical renal disease.
A bilateral renal ultrasound is recommended to
evaluate kidney size and echogenicity and to rule out
hydronephrosis or obstructive uropathy that could
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account for reductions in glomerular filtration rate.
Although ultrasound cannot diagnose lupus nephritis
or distinguish among its classes, the identification of
small, highly echogenic Kkidneys may suggest
advanced chronicity, informing both prognosis and the
risk—benefit calculus of invasive diagnostics or
aggressive immunosuppression [37]. In practice,
ultrasound is often performed prior to renal biopsy to
delineate anatomy, select the safer kidney for
sampling, and screen for unexpected obstructive
processes that would redirect management.

Biopsy

Renal biopsy remains the gold standard for
diagnosing lupus nephritis and for staging disease
activity and chronicity. Histologic classification
according to the World Health Organization and
International Society of Nephrology/Renal Pathology
Society frameworks defines the distribution and
intensity of immune complex  deposition,
endocapillary proliferation, necrosis, crescents, and
scarring; these features carry distinct prognostic
implications and guide the choice and duration of
immunosuppressive regimens [30][33]. Although
clinicians occasionally infer the presence of lupus
nephritis from clinical and serologic data alone, biopsy
yields irreplaceable information—particularly the
activity and chronicity indices—that cannot be
reliably deduced from creatinine, proteinuria, or
complement levels. Consequently, biopsy should be
pursued whenever its results are likely to alter
management, such as clarifying proliferative versus
membranous patterns, quantifying active lesions that
warrant induction therapy, or documenting chronic,
irreversible change that would temper expectations for
recovery [40]. Biopsy is not without risk.
Complications are more frequent in patients with
thrombocytopenia, coagulopathy, or markedly
shrunken kidneys, and in these situations clinicians
may initiate empiric therapy without tissue
confirmation, especially if other severe SLE
manifestations (e.g., central nervous system or
hematologic  involvement) already necessitate
cytotoxic agents such as cyclophosphamide [41]. Even
when safely obtained, sampling error and interpretive
variability must be acknowledged: focal lesions can be
missed in small cores, and interobserver differences
exist in scoring crescents, necrosis, and interstitial
disease. Nevertheless, interpretive consistency is
greater at high-volume centers, where pathologists
with dedicated expertise in medical renal biopsies
provide more reproducible readings across serial
specimens [41][42]. For these reasons, biopsy
interpretation should always be integrated with
clinical presentation, serology, and urinary indices to
avoid over- or undertreatment.

A crucial insight from contemporary cohorts
is the frequent discordance between clinical and
histologic responses. Many patients who meet clinical
remission criteria—serum creatinine near baseline and
proteinuria below 500 mg/day or reduced by at least
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half—still harbor histologically active nephritis on
repeat biopsy at 6 to 8 months, with activity indices
significantly above zero [40][42]. This occult activity
correlates with future renal flares and inferior long-
term outcomes, implying that reliance on proteinuria
and creatinine alone may permit smoldering
inflammation to progress. Conversely, some patients
cannot meet standard clinical remission thresholds due
to fixed chronic damage; in such cases, a repeat biopsy
demonstrating an activity index near zero can justify
tapering or discontinuing immunosuppression despite
residual proteinuria attributable to scarring rather than
ongoing immune injury [27][43]. Thus, judicious use
of protocolized or indication-driven repeat biopsy can
tailor therapy more precisely than clinical metrics
alone. The temporal kinetics of histologic healing are
heterogeneous. Complete histologic remission—
defined by the absence of active lesions—can lag
behind clinical improvement by months and, in some
patients, by years; reports document time frames
stretching up to a decade before full histologic
quiescence is achieved, even under well-controlled
clinical conditions [27]. Recognizing this lag prevents
premature cessation of therapy that might otherwise
invite relapse and acknowledges that proteinuria
reduction often reflects both immunologic control and
slow structural repair of the filtration barrier. The
converse is equally important: persistent histologic
activity in the face of improving proteinuria should
prompt consideration of intensifying or prolonging
immunosuppression to forestall future flares and
cumulative scarring [40][41].

Prospective data support a biopsy-guided de-
escalation strategy. In a trial from Argentina, patients
with proliferative lupus nephritis underwent planned
withdrawal of immunosuppression only if a repeat
biopsy showed an activity index of zero. Over a
median follow-up of eight years, subsequent lupus
flares occurred in 9.2% of participants—a rate
substantially lower than those reported in similar
cohorts managed without biopsy confirmation, where
flare frequencies ranged from 1.7- to 68-fold higher
depending on study design and population [44]. These
findings suggest that histologic verification of
quiescence provides a safer foundation for tapering
therapy than clinical criteria alone, potentially
reducing both relapse risk and cumulative drug
toxicity.  Although  generalizability  requires
confirmation in broader, multiethnic cohorts, the study
offers a pragmatic template for integrating repeat
biopsy into remission maintenance algorithms. Taken
together, a modern evaluation framework for lupus
nephritis weaves laboratory surveillance, targeted
imaging, and judicious biopsy into a coherent strategy.
Regular three-month screening for proteinuria and
hematuria during active SLE identifies renal
involvement early; serologic trends in complement
and anti-dsDNA titers contextualize risk; and
emerging biomarkers like urinary soluble CD163
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refine detection of subclinical activity and capture
response  earlier than  conventional  metrics
[37][38][39]. Ultrasound ensures that structural
confounders are excluded and that biopsy can be
performed safely. Most importantly, biopsy provides
the histologic specificity—class, activity, chronicity—
required to personalize immunosuppression, to
calibrate expectations for recovery, and, when
repeated in selected scenarios, to guide de-escalation
with a lower probability of relapse. By integrating
these elements, clinicians can move beyond reactive
care toward proactive, tissue-informed decision-
making that maximizes kidney preservation while
minimizing unnecessary exposure to
immunosuppressive risk [41][42][44].
Treatment / Management

The management of lupus nephritis is
anchored in histopathological class and unfolds across
two complementary phases—induction to quell active
inflammation and maintenance to consolidate
remission and prevent relapse—while simultaneously
addressing cardiovascular and renal risk factors that
accelerate chronic kidney disease (CKD) progression.
Across virtually all classes, background therapy with
hydroxychloroquine is recommended at baseline
unless contraindicated, coupled with regular
ophthalmologic monitoring to mitigate the risk of
retinal toxicity. Randomized and observational data
indicate that patients receiving hydroxychloroquine
experience fewer flares than those not treated,
supporting its foundational role in systemic lupus
erythematosus (SLE) and renal disease management
[45][46][47]. For classes | and Il lupus nephritis,
careful surveillance often suffices, especially when
proteinuria remains below 500 mg/day; by contrast,
proliferative phenotypes (classes 111 and 1V) generally
require timely immunosuppressive induction followed
by structured maintenance, and extensively scarred
kidneys in class VI necessitate a shift toward renal
replacement strategies rather than further cytotoxic
escalation. Notably, the presence of active lesions
predicts better treatment responsiveness than
advanced chronic damage, an observation that should
guide both patient counseling and therapeutic intensity
(B3). Equally critical is rigorous modification of
modifiable risk factors that potentiate CKD and end-
stage renal disease (ESRD) in lupus nephritis.
Dyslipidemia should be treated with statins given the
heightened atherosclerotic risk in SLE and CKD,
which together amplify cardiovascular morbidity and
mortality. Blood pressure control, preferentially with
renin—angiotensin system blockade using angiotensin-
converting enzyme inhibitors or angiotensin receptor
blockers, is recommended when proteinuria or
hypertension is present, both to reduce intraglomerular
pressure and to lower proteinuria. Adjunctive
nutritional and nutraceutical strategies have reported
benefits on inflammatory biomarkers and endothelial
function: vitamin D and E repletion and omega-3 fatty
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acids have been associated with improvements in
systemic inflammation and fatigue in SLE, and small
studies of curcumin suggest anti-inflammatory,
antioxidant, and anti-proteinuric effects in lupus
nephritis, though standardization and confirmatory
trials remain areas of active investigation [15][48].
These supportive measures complement, rather than
replace, disease-modifying immunosuppression.

The contemporary treatment paradigm
distinguishes an induction phase—aimed at achieving
renal response as efficiently and safely as possible—
from a maintenance phase designed to reduce relapse
risk with lower-intensity regimens over a prolonged
period. Guideline bodies including the European
Alliance of Associations for Rheumatology (EULAR),
the European Renal Association (ERA), and Kidney
Disease: Improving Global Outcomes (KDIGO)
recommend maintenance therapy following initial
response with low-dose mycophenolate mofetil
(MMF) or azathioprine, with or without low-dose
glucocorticoids (<7.5 mg prednisone equivalent), for
at least three years once stable clinical remission is
achieved (KDIGO permits a shorter minimum, 12
months, in sustained remission) [45]. Throughout
induction,  prophylaxis  against  Pneumocystis
pneumonia should be provided, given the cumulative
immunosuppressive burden; longer-term
glucocorticoid exposure also necessitates bone-
protective strategies, including calcium and vitamin D
supplementation and a baseline dual-energy x-ray
absorptiometry scan to track bone mineral density
[49][50]. For proliferative lupus nephritis (classes 111
and 1V), the 2019 EULAR recommendations support
two primary induction options: MMF (2-3 g/day or
equivalent mycophenolic acid) or cyclophosphamide
(e.g., 500 mg intravenously for six biweekly doses),
each combined with a short course of high-dose
glucocorticoids (typically three days of intravenous
pulses followed by a taper to the lowest effective oral
dose). Notably, pairing cyclophosphamide with pulse
steroids at each dose is associated with improved
outcomes and the opportunity to curtail cumulative
oral steroid exposure in classes 11, IV, and V disease,
reflecting an evolving emphasis on steroid
minimization where feasible [45][51]. In patients
presenting with nephrotic-range proteinuria or with
adverse prognostic features, either MMF in
combination with a calcineurin inhibitor or higher-
dose cyclophosphamide may be considered as
alternative induction paths; in responders, the median
time to complete remission during induction is
approximately 4.3 months, with a typical range of two
to six months, a timeframe that can help set
expectations for patients and clinicians [40].

Agent selection should be individualized to
clinical context and comorbidity. Cyclophosphamide
remains the preferred option when SLE manifests with
life-threatening organ involvement (e.g., pulmonary
hemorrhage) or rapidly progressive
glomerulonephritis, where its potency and experience
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base are advantageous [18]. However, multiple
comparative studies indicate that MMF is superior to
cyclophosphamide for induction in proliferative lupus
nephritis among Black, Hispanic, and Chinese
populations, and mechanistic work suggests MMF
exerts particular effects on dendritic cells that may
underpin this benefit [18][52][53][9] (Al). Where
intolerance or contraindications to these agents exist,
or when therapeutic goals are not met with standard
regimens, sirolimus (an mTOR inhibitor), tacrolimus,
cyclosporine, or methotrexate may be employed in
selected patients; evidence from the Chinese Systemic
Lupus Erythematosus Treatment and Research Group
suggests sirolimus can outperform tacrolimus in
reducing glucocorticoid exposure and improving
serologic profiles, highlighting a potential steroid-
sparing role in difficult cases [9][54]. Once an initial
renal response is achieved, therapy transitions to
maintenance. If improvement is documented by six
months, clinicians commonly de-escalate to lower
doses of MMF or switch to azathioprine; randomized
data support MMF as superior to azathioprine for
maintenance in preventing relapse and preserving
renal function, which has elevated MMF to a preferred
maintenance agent in many protocols (Al) [55][56].
Nevertheless, azathioprine remains an important
option, particularly for patients planning pregnancy or
for those with MMF intolerance, and the final choice
should incorporate patient preference, reproductive
plans, prior adverse effects, and adherence
considerations. During maintenance, persistent
attention to tight blood pressure control, lipid
management, and proteinuria reduction is essential,
because cardiometabolic risk tracks closely with renal
outcomes in lupus nephritis [45][48].

Reassessment is necessary when induction
fails to achieve an adequate renal response by
approximately six months. At that juncture, switching
to the alternative induction agent (e.g., MMF «
cyclophosphamide) is common practice, and many
clinicians consider B-cell-directed therapy. Rituximab
is widely used in refractory lupus nephritis due to its
accepted safety profile and biologic plausibility;
however, the LUNAR trial did not demonstrate a
statistically significant improvement when rituximab
was added to standard MMF-based therapy in active
proliferative disease, though numerical trends favored
rituximab and it remains a pragmatic option in real-
world refractory scenarios [45][18][57]. When
contemplating such changes, a repeat kidney biopsy
can be invaluable in discriminating against ongoing
activity from entrenched chronicity; escalation of
immunosuppression is unlikely to reverse fixed
scarring, whereas persistent active lesions justify
intensified therapy despite only partial clinical
responses [40]. Class-specific nuances merit
emphasis. In membranous lupus nephritis (class V),
where nephrotic physiology dominates, therapeutic
regimens often combine anti-proteinuric strategies
with immunomodulation tailored to proteinuria
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severity and concomitant proliferative lesions. When
class V coexists with class 111 or IV features, clinicians
typically treat according to proliferative protocols
(MMF or cyclophosphamide with glucocorticoids),
because the inflammatory component most strongly
dictates renal prognosis [45][51]. In contrast,
advanced sclerosing lupus nephritis (class V1), defined
by >90% globally sclerosed glomeruli, signals
irreversible damage; here, the focus shifts to preparing
for renal replacement therapy, = managing
complications of advanced CKD, and avoiding
immunosuppression that is unlikely to improve
outcomes. This pivot underscores the axiom that
“activity responds; chronicity does not,” a principle
reinforced by the prognostic weight of chronicity
indices on biopsy [49][50].

Glucocorticoid stewardship threads through
all phases of care. While high-dose steroids hasten
control of glomerular inflammation, cumulative
exposure drives metabolic, skeletal, and infectious
complications. Therefore, protocols increasingly
employ rapid steroid tapers and adjunctive agents to
achieve steroid-sparing control. Prophylaxis against
Pneumocystis ~ pneumonia  during  induction,
vaccination  updates  when  immunologically
appropriate, bone health surveillance with dual-energy
x-ray absorptiometry, and lifestyle interventions
(exercise, nutrition, smoking cessation) should be
standardized components of care to mitigate iatrogenic
harm [49][50]. In parallel, careful laboratory and
clinical monitoring—quarterly in active phases—
allows timely detection of subclinical flares and
adjustment of therapy before overt deterioration, with
particular attention to proteinuria trajectories,
complement and anti-dsDNA trends, and emerging
biomarkers such as urinary soluble CD163, which may
signal response or flare earlier than conventional
measures [37][38][39]. Therapeutic decision-making
should also account for heterogeneity across
populations. Evidence supporting MMF’s superior
induction performance in Black, Hispanic, and
Chinese cohorts highlights the value of tailoring
regimens to ancestry-associated risk profiles, access-
to-care  variables, and comorbidity patterns
[18][52][53]. Social determinants of health—
adherence barriers, insurance coverage, and proximity
to subspecialty care—often shape outcomes as
emphatically as pharmacology; thus, clear education
on medication goals and side effects, shared decision-
making regarding risks and benefits, and close follow-
up are essential adjuncts to any pharmacologic plan
[45][48]. Finally, long-term strategy requires realistic
goal-setting that integrates histology, clinical
response, and patient priorities. The median two-to-
six-month window for induction response provides a
practical benchmark, but some patients require longer
to achieve proteinuria reductions commensurate with
structural healing of the glomerular filtration barrier.
Others, constrained by chronic scarring, may never
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fully normalize creatinine or proteinuria; in these
cases, if repeat biopsy demonstrates an activity index
near zero, cautious de-escalation of
immunosuppression may be justified to reduce
toxicity without materially increasing relapse risk
[27][40]. The overarching objective is durable renal
preservation with the fewest complications—an
outcome most likely when therapy is biopsy-informed,
steroid-sparing, risk-factor—focused and adapted to the
individual’s clinical course and life context
[41][45][56][57].
Induction Therapy for Class V Lupus Nephritis
The therapeutic approach to class V
(membranous) lupus nephritis aims to control
immune-mediated podocyte injury, reduce
proteinuria, and forestall chronic scarring while
minimizing treatment toxicity. Hydroxychloroquine
should be co-prescribed unless contraindicated, given
its broad flare-preventive effects and favorable safety
when appropriately monitored with  periodic
ophthalmologic examinations [7]. In patients whose
proteinuria exceeds 1 g/day, immunosuppressive
therapy is generally warranted in addition to
hydroxychloroquine, as persistent nephrotic-range
protein loss accelerates tubulointerstitial damage,
thrombosis risk, and cardiovascular morbidity [7]. The
standard initial regimen consists of mycophenolate
mofetil (MMF) plus prednisone for approximately six
months, with the glucocorticoid course front-loaded
(often a brief pulse followed by a structured taper) to
suppress active inflammation rapidly while limiting
cumulative steroid exposure [30]. When clinical
improvement—typically  defined by  falling
proteinuria, stabilization or improvement of serum
creatinine, and quiescent urinary sediment—is
achieved, therapy transitions to maintenance with a
reduced MMF dose or azathioprine, selected on the
basis of tolerability, comorbidities, reproductive plans,
and adherence considerations [30]. If proteinuria and
serologic/urinary indices fail to improve adequately by
about six months, intensification is appropriate. One
evidence-based option is cyclophosphamide combined
with pulse-dose glucocorticoids for an additional six
months, prioritizing regimens that allow steroid
minimization while delivering sufficient cytotoxic
potency to reverse ongoing immune activity [30]. In
patients with membranous features plus proliferative
changes (class Il or V) on biopsy, management
should align with the class I11/1V induction protocol,
because the proliferative component most strongly
determines renal prognosis and requires more
assertive immunosuppression [30]. Beyond MMF and
cyclophosphamide, calcineurin inhibitors (CNIs)—
tacrolimus, cyclosporine, and the newer voclosporin—
as well as azathioprine with steroids can be considered
in selected cases to enhance anti-proteinuric effects or
address drug intolerance, always balancing efficacy
with risks such as nephrotoxicity and infectious
complications [7]. The strategic objective in class V
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disease is a sustained reduction of proteinuria to sub-
nephrotic or near-complete remission, recognizing
that structural repair of the filtration barrier lags
behind immunologic control. Consequently, close
monitoring every one to three months during
induction—tracking proteinuria, albumin, creatinine,
complements, and anti-dsDNA—qguides tapering,
switching, or escalation. Concomitant renin—
angiotensin  system blockade, dietary sodium
moderation, lipid control, and thrombosis prophylaxis
in high-risk nephrotic states are essential co-therapies
that improve outcomes and reduce non-immune
drivers of progression [7][30].
Renal Replacement Therapy

A proportion of patients with lupus nephritis
progress to end-stage renal disease (ESRD) despite
contemporary therapy. Reassuringly, once on dialysis,
outcomes are broadly comparable to those of patients
whose ESRD stems from non-lupus etiologies,
reflecting advances in both dialysis care and systemic
lupus management [7]. Transplant candidacy should
be discussed early—typically when the glomerular
filtration rate falls below 20 mL/min—to allow timely
evaluation and listing, as in other ESRD populations
[7]. Historical practice favored prolonged
hemodialysis to ensure immunologic quiescence
before transplantation; however, contemporary data
do not support mandatory waiting periods, and
preemptive transplantation is associated with better
allograft function without higher rates of recurrent
lupus in the graft [58]. The risk of recurrent lupus
pathology in the allograft is relatively low—estimated
at 2% to 11% at a median four-year follow-up—and
overall graft survival approximates that seen in non-
lupus transplant cohorts [7][58]. These observations
reinforce  an  individualized, forward-leaning
transplant strategy, emphasizing disease control rather
than arbitrary dialysis duration.
Pregnancy

Because SLE and lupus nephritis
predominantly affect women of childbearing age,
fertility preservation, pregnancy timing, and
medication safety are central to care. Rituximab is
often preferred over cyclophosphamide in women
prioritizing fertility preservation, given
cyclophosphamide’s gonadotoxic potential [9][18].
Prior to conception, women should be tested for
antiphospholipid antibodies—lupus anticoagulant,
anticardiolipin, and B-2 glycoprotein |—to stratify
risks of thrombosis, preeclampsia, and pregnancy loss.
Screening for anti-Ro/SSA and anti-La/SSB is
recommended due to the association with congenital
heart block, enabling plans for fetal echocardiographic
surveillance when indicated [59]. Ideally, patients
should achieve clinical remission for >6 months before
attempting pregnancy, as active nephritis at
conception portends worse maternal and fetal
outcomes [18]. During pregnancy, glucocorticoids
(prednisone, dexamethasone, or betamethasone)
remain first-line for controlling active renal and
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systemic disease, while azathioprine can be added as a
steroid-sparing agent when higher doses would
otherwise be required [18]. Hydroxychloroquine
should be continued, as it reduces lupus activity and
flare risk and is associated with improved pregnancy
outcomes. Belimumab can be used until the second
trimester in  selected situations, though
multidisciplinary risk—benefit discussion is warranted
[9][18]. To reduce preeclampsia and thrombotic risk,
low-dose aspirin is typically initiated around 12
weeks’ gestation unless contraindicated,
complementing  close  obstetric—rheumatology—
nephrology collaboration throughout gestation [18].
Antiphospholipid Syndrome

In patients with SLE who test positive for
antiphospholipid antibodies, thrombosis risk is
substantially  elevated. Hydroxychloroquine is
recommended for its thromboprotective effects, and
low-dose aspirin may be considered—particularly in
those with additional risk factors—to mitigate arterial
and venous events [60]. Lupus anticoagulant positivity
confers a marked increase in arterial thrombosis,
necessitating a conservative approach to exogenous
estrogen. Specifically, combined oral contraceptives,
patches, and rings should be avoided in patients with
SLE and antiphospholipid antibodies due to the
heightened thrombotic risk [61][62]. Importantly,
antiphospholipid  positivity in  candidates for
transplantation is associated with higher renal allograft
loss, so careful thrombosis prevention and
perioperative planning are integral to the transplant
workup (B2) [61][62].
New Therapies

The last several years have ushered in
multitargeted strategies that layer biologic and small-
molecule agents atop conventional regimens, enabling
more personalized treatment calibrated to serologic
activity, ancestry-related risks, and biopsy features.
Two agents have regulatory approval specifically for
lupus nephritis:  belimumab and voclosporin.
Belimumab, a soluble BAFF (B-cell activating factor)
antibody approved for SLE in 2011, received approval
in 2020 for induction therapy in lupus nephritis in
addition to standard MMF/cyclophosphamide/steroid
protocols. The BLISS-LN trial demonstrated
improved renal outcomes with belimumab add-on,
supporting its incorporation into induction for
appropriate patients [46][63] (Al). A complementary
mechanistic narrative posits that BAFF surges after B-
cell depletion may fuel disease recrudescence; in the
BEAT LUPUS trial, belimumab after rituximab
lowered anti-dsDNA titers and reduced nepbhritis flares
versus placebo, reinforcing sequential targeting of B-
cell survival signals in refractory disease [64].
Clinically, belimumab seems particularly helpful in
patients with high serologic activity and prominent
cutaneous or musculoskeletal involvement, without
the nephrotoxicity concerns that can limit CNI use
[61]. Voclosporin, a next-generation calcineurin
inhibitor, suppresses IL-2—dependent T-cell activation
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and stabilizes podocyte cytoskeleton dynamics,
thereby exerting both immunologic and anti-
proteinuric effects. Compared with tacrolimus
or cyclosporine, voclosporin is more potent and
pharmacokinetically stable, obviating routine drug-
level monitoring in most patients [65][66]. It can be
particularly effective in those with proteinuria >3.0
g/day, in whom rapid reductions in urinary protein are
desirable; by contrast, belimumab is less nephrotoxic
and can be used in the setting of impaired renal
function [67][68]. Notably, both agents have been
associated with faster glucocorticoid tapering, an
increasingly prioritized goal to limit steroid-related
complications [18].
Phase-3 Trials

A robust pipeline of phase-3 candidates
suggests an evolving standard of care that will further
individualize therapy. Anifrolumab, an interferon-a
receptor antagonist, interrupts the type-1 IFN axis that
primes dendritic cells, B cells, T cells, and
parenchymal targets; it improved key disease
parameters when added to standard therapy and was
approved in 2021 for moderate-to-severe SLE, with
accumulating experience in renal subsets [9].
Atacicept, a fusion protein comprising the TACI
receptor linked to 1IgG Fc, neutralizes BAFF and
APRIL simultaneously and may yield broader B-cell
modulation than BAFF-only strategies; telitacicept
employs a similar dual-ligand approach. Additional B-
cell-directed antibodies—including obinutuzumab,
ocrelizumab, and epratuzumab (targeting CD20 and
CD22)—are under investigation to refine depletion
depth and durability [9]. lanalumab, a BAFF-
receptor—targeting monoclonal with dual actions, has
shown promise in related autoimmunity (e.g., Sjégren
syndrome), offering a potential path to durable B-cell
pathway control. Beyond B cells, deucravacitinib, a
selective TYK2 inhibitor, modulates type-1 IFN-
associated gene expression and downstream cytokine
networks with greater specificity than first-generation
JAK inhibitors, aiming for efficacy with reduced off-
target toxicity. In parallel, SGLT2 inhibitors—now
foundational in diabetic and non-diabetic CKD—
reduce proteinuria and mortality across renal diseases
and, in a large SLE cohort, were associated with a
lower risk of developing lupus nephritis, suggesting
both preventive and adjunctive therapeutic roles in
selected patients [18][46]. Finally, povetacicept, a
next-generation dual BAFF/APRIL antagonist, has
entered early human studies with encouraging
tolerability and serologic signals—namely, reductions
in targeted antibody pools—spurring interest in
antibody-mediated renal autoimmunity, including
lupus nephritis and IgA nephropathy [69] (Al).
Together, these advances mark a transition from one-
size-fits-all regimens toward algorithmic, biomarker-
informed care. For class V lupus nephritis, that means
combining hydroxychloroquine, MMF-based
induction (or appropriate alternatives), meticulous
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risk-factor control, and judicious biologic or CNI add-
ons to meet proteinuria and serologic goals while
curbing steroid exposure. As phase-3 data mature and
dual-pathway agents enter practice, the capacity to
match mechanism to phenotype—and to a patient’s
pregnancy plans, ancestry-related risks, and biopsy-
specific activity/chronicity—should further improve
renal preservation and quality of life in this

challenging, heterogeneous disease
[71[30][58][61][63][67].
Prognosis

Prognosis in lupus nephritis is tightly linked
to histopathologic class and the balance between
active inflammation and chronic scarring. Classes |
(minimal mesangial) and Il (mesangial proliferative)
generally portend favorable long-term renal
preservation under vigilant surveillance and risk-
factor control. Progression to proliferative classes
worsens outlook: class Il carries a poorer prognosis
due to focal but often aggressive lesions, and class IV
has the gravest trajectory given diffuse endocapillary
proliferation, crescents, and high relapse rates without
timely induction and sustained maintenance therapy.
Early initiation of evidence-based treatment is crucial;
therapeutic delay permits accrual of irreversible
chronicity that blunts response and increases the
likelihood of end-stage renal disease. Over the past
four decades, outcomes have markedly improved. In
the 1950s, five-year survival was near zero for lupus
nephritis; with the advent of glucocorticoids and
immunosuppressants—particularly ~ mycophenolate
mofetil and cyclophosphamide—contemporary five-,
ten-, and twenty-year survival rates for biopsy-proven
disease have risen to approximately 94%, 86%, and
71%, respectively [29]. Mortality among patients who
progress to ESRD has also declined substantially.
From 1995-1999 to 2010-2014, mortality per 100
patient-years fell from 11.1 to 6.7, driven by
reductions in deaths from cardiovascular disease and
infection—44% and 63% decreases, respectively—
reflecting better cardiovascular risk management,
vaccination, infection prophylaxis, and dialysis and
transplant care [29][70]. Even so, cardiovascular
disease and serious infection remain the dominant
causes of death, emphasizing the need for stringent
blood pressure and lipid control, judicious
immunosuppression, vaccination, and early referral
for renal replacement therapy or transplantation when
indicated.

Enhancing Healthcare Team Outcomes:

Optimal outcomes in lupus nephritis depend
on coordinated, role-specific excellence across the
care continuum. Nurses are frontline integrators: they
perform blood pressure surveillance, edema
assessments, and medication reconciliation at every
encounter; teach self-monitoring of weight, home
blood pressure, and symptom diaries; reinforce
steroid-sparing strategies; triage red-flag symptoms
(sudden dyspnea, chest pain, marked oliguria); and
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coordinate vaccination and bone-health protocols.
Nurse-led telephone or telehealth check-ins between
visits can detect early relapse signals and address
adherence barriers, reducing emergency utilization.
Family medicine physicians anchor longitudinal,
whole-person care—screening quarterly urinalyses in
active SLE, managing hypertension with ACE
inhibitors/ARBs, titrating statins, addressing diabetes
or obesity, and orchestrating cancer screening and
contraception choices that respect antiphospholipid
status. They also time preconception counseling,
initiate low-dose aspirin in pregnancy when indicated,
and expedite referral to rheumatology and nephrology
for evolving renal signs. The laboratory team
underpins  precision  monitoring:  standardized
measurement of protein—creatinine ratios, timely
complement (C3/C4) and anti-dsDNA trends, and
validated platforms for emerging biomarkers such as
urinary soluble CD163 improve detection of
subclinical activity and gauge treatment response.
Close lab—clinician feedback loops shorten decision
cycles when results change rapidly. Medical records
professionals ensure interoperability and
completeness of the kidney care dataset: problem lists
reflect biopsy class and activity/chronicity indices;
medication lists flag teratogens and cumulative
cyclophosphamide  exposure; dashboards trend
proteinuria, creatinine, complements, blood pressure,
and vaccinations; and structured biopsy synopses are
readily accessible across specialties. Robust
documentation supports quality metrics (e.g.,
ACEI/ARB use with proteinuria), enables population
health outreach for missed monitoring, and enhances
safety by surfacing drug-disease interactions. By
aligning nursing vigilance, primary-care stewardship,
laboratory rigor, and high-fidelity information
management, teams create a proactive learning system
that detects flares earlier, individualizes therapy, and
measurably improves renal and cardiovascular
outcomes in lupus nephritis.

Conclusion:

In conclusion, lupus nephritis remains a
severe and potentially life-threatening complication of
systemic lupus erythematosus, driven by a complex
interplay of genetic, environmental, and immunologic
factors. Its management has evolved significantly,
moving from a one-size-fits-all approach to a more
personalized,  precision-based  strategy.  The
cornerstone of effective care is a timely renal biopsy,
which provides critical prognostic information
through histopathological classification and scoring of
activity and chronicity. This guides the strategic use of
induction and maintenance immunosuppressive
therapies, now enhanced by novel biologic agents like
belimumab and voclosporin, which offer improved
efficacy and steroid-sparing potential. Ultimately,
optimizing long-term outcomes requires an integrated,
interdisciplinary healthcare model. Success hinges on
the seamless collaboration of rheumatologists,
nephrologists, nurses, primary care physicians, and
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laboratory professionals. This team ensures vigilant
monitoring for early signs of renal involvement,
prompt diagnosis, tailored treatment regimens,
aggressive management of cardiovascular risk factors,
and comprehensive patient education. Such a
coordinated effort is essential to suppress disease
activity, prevent flares and progressive chronic kidney
damage, reduce treatment-related complications, and
improve survival. Through this collaborative
framework, the goal of preserving renal function and
enhancing the quality of life for patients with lupus
nephritis becomes an achievable reality.
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