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Abstract

Context: Systemic lupus erythematosus (SLE) is a chronic autoimmune disease characterized by multisystem involvement,

autoantibody production, and immune complex-mediated tissue damage. It predominantly affects women of reproductive age

and presents with a broad spectrum of clinical manifestations, ranging from cutaneous disease to severe organ involvement,

including lupus nephritis and neuropsychiatric complications. Advances in understanding disease pathophysiology have

highlighted the roles of B-cell hyperactivity, complement activation, and type I interferon signaling.

Evidence Acquisition: This narrative review synthesizes current evidence on the management of SLE, including conventional

therapies, biologic agents, emerging treatments, and implementation challenges in resource-limited settings such as Pakistan.

Results: Conventional therapies, including hydroxychloroquine, corticosteroids, and immunosuppressants such as

azathioprine, cyclophosphamide, and mycophenolate mofetil, remain the mainstay of treatment. However, long-term toxicity

and incomplete disease control have driven the development of targeted biologic therapies. Biologic agents such as belimumab

and anifrolumab represent important advances in precision medicine by targeting specific immune pathways and reducing

disease activity and flares. Emerging strategies, including CAR-T cell therapy and hematopoietic stem cell transplantation,

further expand the therapeutic landscape but remain experimental and are limited to specialized settings. Despite these

therapeutic advances, challenges such as delayed diagnosis, limited access to biologics, and high treatment costs continue to

affect outcomes in resource-limited regions.

Conclusions: Overall, SLE management is increasingly shifting toward personalized, targeted therapeutic approaches to

improve long-term disease control and patient outcomes.
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1. Context

Given its heterogeneous clinical presentation and
unpredictable disease course, systemic lupus
erythematosus (SLE) poses substantial challenges for
early diagnosis, risk stratification, and long-term
management. Over the past decade, advances in
immunology have shifted therapeutic approaches from
broad immunosuppression toward pathway-specific
targeted therapies, particularly those directed at B-cell
activity and type I interferon signaling (1). Despite these
developments, variability in treatment response and
persistent disease flares continue to contribute to

cumulative organ damage and reduced quality of life
(2). Furthermore, disparities in healthcare access and
specialist availability remain major barriers to optimal
disease control in many regions. These challenges
underscore the need for an updated synthesis of current
management strategies alongside emerging therapeutic
options and real-world implementation barriers.

Although conventional therapies such as
hydroxychloroquine, corticosteroids, and
immunosuppressive agents remain the foundation of
treatment, their long-term use is limited by toxicity and
incomplete disease control in a substantial proportion
of patients (1, 3). This has driven the development of
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biologic agents, including B-cell-targeted and
interferon-pathway-directed therapies, representing a
shift toward precision medicine in SLE management. In
parallel, emerging approaches such as cellular therapies
and stem cell transplantation are being explored for
refractory disease, although their clinical applicability
remains limited. However, the translation of these
therapeutic advances into routine clinical practice is
uneven, particularly in resource-limited settings, where
diagnostic delays, restricted access to advanced
therapies, and shortages of specialist care significantly
affect outcomes (3, 4). This review therefore aims to
provide a comprehensive overview of current and
emerging SLE therapies while contextualizing their
application in real-world healthcare environments.

The objective of this narrative review was to provide a
comprehensive synthesis of current evidence on the
management of SLE, including conventional therapies,
biologic agents, and emerging treatment strategies. The
review also highlights advances in targeted and
precision medicine approaches and examines
contextual challenges in implementing these therapies
in resource-limited settings, particularly in Pakistan,
where barriers to early diagnosis, access to biologics,
and specialist care significantly influence disease
outcomes.

2. Evidence Acquisition

This narrative review was conducted to summarize
current evidence on the management of SLE, focusing
on conventional therapies, biologic agents, and
emerging treatment strategies. Relevant literature was
identified through a non-systematic search of major
biomedical databases, including PubMed, Google
Scholar, and Scopus, and supplemented with guideline
documents and key review articles. The search primarily
covered publications from January 2015 to March 2026
to capture contemporary therapeutic advances, while
landmark earlier studies were included as needed to
provide foundational context.

Search terms included combinations of "systemic
lupus erythematosus," "SLE management," "lupus
nephritis," "hydroxychloroquine," "belimumab,"
"anifrolumab," "biologic therapy," and "emerging
treatments." Studies were selected based on their
clinical relevance to SLE management, emphasis on
therapeutic interventions, and contribution to
understanding disease pathophysiology or outcomes.
Priority was given to recent peer-reviewed clinical trials,
systematic reviews, meta-analyses, and international
guideline statements. This review used a narrative
synthesis approach. No formal risk-of-bias assessment or

quantitative data synthesis was performed. Study
selection and interpretation were guided by the
authors' clinical judgment, with an emphasis on
contemporary treatment paradigms and applicability to
real-world clinical practice, including in resource-
limited settings.

3. Results

3.1. Pathophysiology of Systemic Lupus Erythematosus

The pathophysiology of SLE is complex and involves
multiple interacting immune mechanisms. A hallmark
feature is the production of autoantibodies, such as
anti-nuclear antibodies (ANA) and anti-double-stranded
DNA (anti-dsDNA), which form immune complexes that
deposit in tissues and trigger inflammation (5, 6). These
immune complexes activate the complement system,
leading to additional tissue injury and amplification of
the inflammatory response. In addition, dysregulation
of type I interferon pathways plays a central role in
sustaining immune activation and promoting
autoimmunity (6, 7). Genetic predisposition,
environmental triggers (such as infections or ultraviolet
light exposure), and hormonal factors collectively
contribute to immune dysregulation (7, 8). The interplay
between innate and adaptive immunity ultimately
results in chronic inflammation and progressive organ
damage if not adequately controlled.

3.2. Clinical Features of Systemic Lupus Erythematosus

The clinical manifestations of SLE are highly variable,
reflecting its multisystem nature. Cutaneous
involvement is common, with the classic malar rash
appearing over the cheeks and nasal bridge and often
exacerbated by sunlight exposure (9, 10).
Musculoskeletal symptoms, particularly non-erosive
arthritis, are also frequently observed and contribute
substantially to morbidity. Renal involvement, known as
lupus nephritis, is among the most serious
complications and can progress to chronic kidney
disease if untreated (10, 11). Neurological manifestations
may include seizures, psychosis, cognitive dysfunction,
and peripheral neuropathy, indicating involvement of
the central or peripheral nervous system (1, 12).
Hematological abnormalities are also common and may
include anemia, leukopenia, lymphopenia, and
thrombocytopenia due to immune-mediated
destruction or bone marrow suppression (9, 12). The
variability and unpredictability of these clinical features
make early diagnosis and ongoing monitoring essential
for disease management.
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In addition, the severity and pattern of organ
involvement often guide therapeutic decision-making,
ranging from baseline immunomodulatory therapy to
aggressive immunosuppression for organ-threatening
disease. Early recognition of these manifestations is
therefore critical to preventing irreversible organ
damage and improving long-term outcomes. This
clinical heterogeneity also supports the need for
individualized, organ-specific treatment strategies in
SLE.

3.3. Treatment of Systemic Lupus Erythematosus

Table 1 summarizes conventional, biologic, and
emerging therapeutic approaches in SLE, highlighting
mechanisms of action, clinical indications, and key
limitations for each treatment class. This structured
comparison clarifies the relative positioning of each
therapeutic class within the overall treatment
algorithm for SLE. It also facilitates a rapid clinical
overview of evolving treatment strategies, ranging from
conventional immunosuppression to targeted and
investigational therapies.

3.4. Conventional Therapies

Conventional therapies remain the cornerstone of
SLE management and primarily aim to control
inflammation, prevent disease flares, and minimize
long-term organ damage. Despite the emergence of
targeted biologic agents, these treatments remain
essential across all stages of disease severity because of
their proven efficacy and broad clinical applicability.

3.4.1. Antimalarials

Hydroxychloroquine remains a cornerstone of SLE
management and is recommended for nearly all
patients unless contraindicated (6, 13). It exerts
immunomodulatory effects by interfering with antigen
presentation and toll-like receptor signaling, thereby
reducing immune activation. Long-term
hydroxychloroquine use has been shown to decrease
disease flares, improve survival, and confer protective
cardiovascular and metabolic benefits (14, 15). Its
relatively favorable safety profile makes it suitable for
chronic use, although regular ophthalmologic
monitoring is necessary to prevent rare retinal toxicity
(16).

3.4.2. Corticosteroids

Corticosteroids are widely used for the rapid control
of acute disease exacerbations and severe organ
involvement (17, 18). They suppress multiple

inflammatory pathways and provide rapid symptomatic
relief. However, prolonged use is associated with
substantial adverse effects, including osteoporosis,
hypertension, diabetes mellitus, weight gain, and
increased infection risk (17, 18). Accordingly, current
treatment strategies emphasize the use of the lowest
effective dose for the shortest possible duration, often in
combination with steroid-sparing agents to minimize
long-term toxicity.

3.4.3. Immunosuppressants

Immunosuppressive agents such as azathioprine,
methotrexate, cyclophosphamide, mycophenolate
mofetil, and rituximab are commonly used in patients
with moderate-to-severe disease or organ-threatening
manifestations such as lupus nephritis (14).
Azathioprine and methotrexate are often used for
maintenance therapy because of their relatively safer
long-term profiles, whereas cyclophosphamide is
reserved for severe or refractory cases (13).
Mycophenolate mofetil and rituximab have gained
prominence because of their efficacy in inducing and
maintaining remission in lupus nephritis, with more
favorable safety profiles than older cytotoxic agents (6).
These drugs play a critical role in controlling immune-
mediated damage and preserving organ function.

3.5. Specific Biologic Therapies for Systemic Lupus
Erythematosus

Biologic therapies are generally reserved for patients
with moderate-to-severe or refractory SLE who have an
inadequate response to conventional
immunosuppressive regimens. They represent a
targeted approach aimed at specific immune pathways,
marking a transition from broad immunosuppression
toward precision medicine in SLE management.
However, the high cost and limited availability of
biologic agents substantially restrict their use in
resource-limited settings such as Pakistan, where access
remains largely confined to select tertiary care centers.

3.5.1. Belimumab

Belimumab represents a significant advance in SLE
management as the first approved biologic therapy
specifically targeting the disease (19, 20). It inhibits B-
lymphocyte stimulator (BLyS), a cytokine essential for B-
cell survival and differentiation. By reducing the
survival of autoreactive B cells, belimumab helps
decrease autoantibody production and overall disease
activity (19, 20). Clinical studies have demonstrated its
effectiveness in reducing flares and steroid dependence,
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Table 1. Overview of Therapies for Systemic Lupus Erythematosus: Mechanisms, Indications, and Limitations

Therapy Class Example Agents Mechanism of Action Main Indications in SLE Key Limitations

Antimalarials Hydroxychloroquine
Inhibits toll-like receptor signaling

and antigen presentation;
immunomodulatory effects

All patients with SLE unless
contraindicated

Retinal toxicity is rare; requires
long-term monitoring

Corticosteroids Prednisone, methylprednisolone
Broad anti-inflammatory and
immunosuppressive effects

Acute flares and severe organ
involvement

Long-term toxicity, including
osteoporosis, diabetes, and

infection risk

Conventional
immunosuppressants

Mycophenolate mofetil,
azathioprine, cyclophosphamide,

methotrexate

Inhibit lymphocyte proliferation and
immune activation

Moderate-to-severe SLE, lupus
nephritis, and organ-
threatening disease

Infection risk, cytopenias, and
fertility concerns with

cyclophosphamide

Biologic therapy (B-cell
targeted)

Belimumab Inhibits B-cell activating factor
(BAFF/BLyS)

Active SLE with inadequate
response to standard therapy

High cost and limited
availability in low-resource

settings

Biologic therapy (IFN
pathway) Anifrolumab

Blocks type I interferon receptor
signaling

Moderate-to-severe SLE,
especially skin and joint

manifestations

Infection risk, cost, and limited
long-term data

Investigational cellular
therapy

CAR-T cell therapy Depletion of autoreactive immune
cells and immune reset

Refractory SLE in clinical trials
or selected cases

Experimental status, safety
concerns, and limited access

Experimental
regenerative therapy

Hematopoietic stem cell
transplantation

Immune system reset through
hematopoietic reconstitution

Severe refractory SLE
High risk, transplant-related

mortality, and limited
availability

particularly in patients with active but non-severe
disease (19, 20).

3.5.2. Anifrolumab

Anifrolumab is another important biologic agent
that targets the type I interferon receptor, thereby
blocking one of the central pathways implicated in SLE
pathogenesis (21, 22). Type I interferons are known to
drive immune activation and perpetuate chronic
inflammation in patients with lupus. By inhibiting this
signaling pathway, anifrolumab has shown promising
results in reducing skin and joint manifestations, as
well as overall disease activity (21, 22). Its introduction
marks a shift toward precision immunotherapy in lupus
treatment.

3.6. Advances in Lupus Nephritis

Lupus nephritis remains one of the most clinically
significant organ-threatening manifestations of SLE and
a major determinant of long-term morbidity and
mortality (23). Contemporary management is typically
structured into induction therapy, which aims to
achieve rapid disease control, and maintenance therapy,
which is designed to sustain remission and prevent
relapse (6, 19). Induction therapy commonly includes
high-dose corticosteroids combined with either
mycophenolate mofetil or intravenous
cyclophosphamide. Mycophenolate mofetil is
frequently preferred because of its comparable efficacy
and more favorable safety profile, whereas
cyclophosphamide is generally reserved for severe or

refractory disease (23, 24). Recent treatment strategies
emphasize the early implementation of steroid-sparing
approaches to minimize cumulative glucocorticoid
toxicity.

Maintenance therapy is usually based on continued
mycophenolate mofetil or azathioprine following
successful induction. The goal is to maintain renal
remission while reducing long-term
immunosuppressive exposure (23, 24). In selected
patients, particularly those with persistent disease
activity or a high risk of relapse, biologic agents such as
belimumab may be considered as adjunctive therapy to
standard immunosuppression. Treatment outcomes are
increasingly defined by the achievement of complete or
partial renal remission, reduction in proteinuria,
stabilization or improvement of glomerular filtration
rate, and prevention of progression to end-stage renal
disease (23, 25). Early response to therapy is a strong
predictor of long-term renal survival.

Ongoing management also requires regular
monitoring, including assessment of proteinuria,
serum creatinine, estimated glomerular filtration rate,
complement levels, and anti-dsDNA antibody titers (23,
25). Close clinical follow-up is essential to detect early
relapse, guide tapering of immunosuppressive therapy,
and minimize irreversible renal damage (14). Overall,
advances in lupus nephritis management have
improved renal outcomes by combining optimized
immunosuppressive regimens with biologic adjuncts
and treat-to-target strategies, although long-term
prognosis remains dependent on early diagnosis and
timely initiation of therapy.
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3.7. Personalized and Precision Medicine in Systemic Lupus
Erythematosus

Personalized and precision medicine is becoming
increasingly important in SLE management (1, 26).
Treatment decisions are increasingly guided by disease
severity, specific organ involvement, and the presence of
predictive biomarkers (26). Genetic profiling,
autoantibody patterns, and interferon signature
assessments are being explored to tailor therapy more
precisely (1). This individualized approach allows
clinicians to select therapies that are more effective for
specific patient subgroups while minimizing
unnecessary immunosuppression. The shift toward
precision and personalized care reflects a broader trend
in modern medicine aimed at improving efficacy and
safety. However, implementation of precision medicine
approaches is limited in low-resource settings because
of restricted access to advanced biomarker testing and
genetic profiling infrastructure.

3.8. Emerging Therapies for Systemic Lupus Erythematosus

Several emerging and highly specialized therapeutic
approaches are under investigation for SLE, particularly
for refractory or treatment-resistant disease. These
strategies vary substantially in evidence maturity,
clinical availability, and regulatory status. At present,
these therapies should be regarded as experimental or
investigational rather than established components of
standard SLE management.

3.8.1. CAR-T Cell Therapy

CAR-T cell therapy represents an investigational
approach in SLE and is currently limited to early-phase
clinical studies and selected refractory cases (27, 28). It
aims to deplete autoreactive B-cell populations and
reset immune tolerance. Although early results are
promising, its use remains experimental, with concerns
regarding safety, long-term immune suppression, cost,
and limited accessibility.

3.8.2. Hematopoietic Stem Cell Transplantation

Hematopoietic stem cell transplantation (HSCT) has
been explored as a potential immune reset strategy in
severe, refractory SLE (29, 30). However, it is not a
standard therapy and is reserved for highly selected
patients because of substantial risks, including
treatment-related morbidity, infection, and transplant-
related mortality. Its use remains restricted to
specialized centers and clinical protocols.

3.8.3. Cytokine-Targeted and Next-Generation Biologic
Therapies

Cytokine-targeted and next-generation biologic
therapies include agents directed at interleukin
pathways and interferon signaling and are at varying
stages of development (31, 32). Some are in advanced
clinical trials, whereas others remain preclinical or
exploratory. These therapies aim to further refine
immune modulation beyond currently approved
biologics.

Overall, although these approaches represent
important advances in immunology and translational
medicine, they are not part of routine clinical practice
in SLE management. Their role is currently limited to
research settings or highly selected refractory cases, and
further evidence is required before broader clinical
adoption. Moreover, advanced interventions such as
CAR-T cell therapy and stem cell transplantation remain
inaccessible in most low- and middle-income countries
because of infrastructural and financial constraints.

3.9. Healthcare Challenges in Pakistan

In Pakistan, SLE management is constrained by
multiple healthcare system and socioeconomic barriers.
Delayed diagnosis is common because of limited
awareness among primary care providers and restricted
access to rheumatology services, often resulting in
patients presenting with established organ damage at
their first specialist evaluation (33, 34). Limited
availability of diagnostic immunological testing,
including autoantibody profiling and complement
levels, in peripheral healthcare facilities further
contributes to diagnostic delay (34, 35). Access to
biologic therapies such as belimumab and anifrolumab
remains extremely limited because of high cost and lack
of inclusion in most public-sector treatment programs.
Consequently, these therapies are largely restricted to
private tertiary care settings, creating substantial
treatment inequity. Conventional immunosuppressive
agents remain the mainstay of therapy, even for patients
who may benefit from targeted biologics.

In addition, there is a shortage of trained
rheumatologists relative to the national disease burden,
leading to delayed referrals and suboptimal long-term
disease monitoring (36). Irregular medication
adherence due to financial constraints and inconsistent
drug availability further contributes to poor disease
control and higher flare rates. These systemic
limitations substantially affect the real-world
implementation of modern SLE management strategies,
including biologic therapy, steroid-sparing approaches,
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and emerging precision medicine models (4, 35).
Consequently, patients in resource-limited settings such
as Pakistan experience a delayed transition from
conventional immunosuppression to targeted
therapies, resulting in persistent disease activity and
higher cumulative organ damage.

3.10. Future Perspectives and Recommendations

SLE management is expected to continue shifting
toward increasingly precise, mechanism-based, and
individualized therapeutic strategies. Advances in
immunology, biomarker discovery, and molecular
profiling are likely to further refine risk stratification
and enable earlier identification of patients who may
benefit from targeted therapies. Expansion of precision
medicine approaches, including interferon signature-
based stratification and genomic profiling, may
improve treatment selection and optimize clinical
outcomes. Emerging therapies, such as cellular-based
interventions and novel biologic agents targeting
specific immune pathways, represent promising
developments; however, their clinical integration will
depend on the generation of robust long-term efficacy
and safety data, as well as improvements in affordability
and accessibility. At present, these therapies remain
largely restricted to clinical trials or specialized centers,
underscoring the need for cautious, evidence-based
adoption.

From a health systems perspective, strengthening
early diagnostic capacity, particularly in primary care
settings, is essential to reduce delays in treatment
initiation and prevent irreversible organ damage.
Increasing awareness of SLE among healthcare
providers and improving access to immunological
testing may substantially improve early detection rates.
In resource-limited settings such as Pakistan, improving
access to essential medications, expanding
rheumatology training programs, and integrating cost-
effective treatment protocols are critical steps toward
improving outcomes. Inclusion of biologic therapies in
broader healthcare coverage schemes and development
of local treatment guidelines adapted to resource
constraints may help bridge existing treatment gaps.
Overall, future progress in SLE management will depend
on a dual approach: continued advancement of targeted
and innovative therapies alongside strengthening
healthcare infrastructure to ensure equitable access to
established and emerging treatments.

3.11. Limitations of the Review

This narrative review has several limitations. As a
non-systematic literature review, study selection was not

based on a structured protocol or formal risk-of-bias
assessment, which may introduce selection bias.
Although major biomedical databases and key
publications were considered, the possibility of
incomplete literature capture cannot be excluded. In
addition, heterogeneity among available studies on SLE,
particularly studies of emerging therapies, limits direct
comparison and synthesis of findings. Evidence related
to newer interventions such as cellular therapies
remains preliminary and largely based on early-phase or
experimental studies, which may limit generalizability
to routine clinical practice. Furthermore, regional data
from resource-limited settings, including Pakistan,
remain scarce, which may affect the applicability of
global evidence to local healthcare contexts.

4. Conclusions

Recent advances in the treatment of SLE have
transformed disease management from generalized
immunosuppression to more targeted and personalized
therapeutic strategies. The introduction of biologic
agents such as belimumab and anifrolumab has
improved patient outcomes by targeting key immune
pathways involved in disease pathogenesis, leading to
fewer disease flares and improved quality of life. Beyond
currently approved therapies, ongoing research is
expanding the therapeutic pipeline to include precision
medicine approaches and investigational cellular
therapies. Among these, CAR-T cell therapy and
hematopoietic stem cell transplantation represent
highly specialized and experimental strategies that are
currently limited to selected refractory cases or research
settings. In contrast, established biologic agents remain
the cornerstone of targeted SLE management in routine
clinical practice.

Despite these therapeutic advances, translation into
routine care remains uneven across healthcare systems.
In resource-limited settings such as Pakistan, barriers
including delayed diagnosis, restricted access to
biologics, and shortages in the rheumatology workforce
continue to limit the real-world impact of these
innovations. These improvements are also reflected in
lupus nephritis management, in which structured
induction and maintenance regimens, along with
earlier diagnosis and optimized immunosuppressive
strategies, have contributed to improved rates of renal
remission and reduced progression to end-stage renal
disease.

Footnotes
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