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Abstract
Systemic lupus erythematosus (SLE) is an autoimmune disease, which poses significant challenges due to its
chronic nature and complex clinical manifestations. For patients with moderate-to-severe SLE, anifrolumab,
a monoclonal antibody that targets the type 1 interferon receptor (IFNAR), has emerged as a cutting-edge
treatment option that can reduce disease activity, prevent organ damage from the illness or side effects
resulting from medications, and enhance the quality of life for those living with SLE. Consequently, this drug
has received approval from major regulatory agencies. Anifrolumab's safety, effectiveness, and long-term
results are assessed in this systematic review using information from clinical trials, real-world research, and
retrospective analysis. In particular, clinical investigations, such as the MUSE Phase II and TULIP Phase III
trials, showed that anifrolumab significantly improved important outcomes compared to placebo, including
the SLE Responder Index, major clinical response, and disease activity ratings. During extended use,
anifrolumab demonstrated significant sustained efficacy and a tolerable safety profile, with controllable side
events mostly associated with viral infections. Moreover, subgroup analyses, demonstrating that Asian
patients and individuals with a strong interferon gene profile are particularly responsive to anifrolumab,
underscore the importance of customized treatment methods. Anifrolumab’s safety and effectiveness were
further validated by real-world data, particularly in patients who reached the Lupus Low Disease Activity
State (LLDAS), where the drug decreased glucocorticoid consumption and disease activity. Overall,
anifrolumab shows great promise as a treatment for moderate-to-severe SLE, providing significant efficacy
together with a manageable safety profile. To fully explore its therapeutic potential and optimize therapy
approaches for the management of SLE, further research is necessary, especially in lupus nephritis and other
disease subsets.
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Introduction And Background
Systemic lupus erythematosus (SLE) is the most common type of lupus and is defined as a chronic
autoimmune condition that affects multiple systems and is characterized by relapsing and remitting
episodes [1]. The immunopathogenesis of SLE is characterized by elevated levels of circulating cell death
debris, resulting from impaired clearance of apoptotic cells and neutrophil extracellular traps (NETs). This
accumulation of self-antigens leads to heightened activation of the type I interferon (IFN-I) pathway and the
formation of immune complexes, driving an inflammatory response that contributes to tissue damage [2]. It
has been shown that women of reproductive age are more subjected to developing SLE, with a female
predominance of 9:1 [3]. The clinical spectrum of this illness encompasses a broad range of symptoms,
spanning from fever and malaise to joint pain and weight changes, alongside varying degrees of cutaneous
involvement and extending to severe organ damage such as heart failure, pulmonary hypertension, and
kidney failure [4-6]. Often symptoms are nonspecific and can mimic other conditions such as autoimmune
diseases, infections, and endocrine abnormalities [6]. 

Clinical manifestations of SLE
In patients affected by SLE, musculoskeletal involvement is quite common, with joint pain being a primary
reason for seeking medical attention [7]. Arthritis, arthralgia, and osteonecrosis are prevalent, affecting
small joints asymmetrically and typically without significant deformity [6]. Cutaneous manifestations are
characterized by four main hallmarks, those being malar rash, photosensitivity, discoid rash, and alopecia
[6]. Renal involvement is also quite common in patients with SLE, with immunoglobulin deposits in
glomeruli often present despite only half of the patients exhibiting clinical symptoms [8]. Additionally,
neuropsychiatric symptoms such as cognitive disorders, seizures, and neuropathies, along with pulmonary
manifestations such as pleurisy and pulmonary embolism, may arise as clinical manifestations of SLE [6,8].
Other common features are gastrointestinal involvement, which often presents with abdominal pain and
nausea, and cardiac manifestations ranging from pericarditis to accelerated coronary artery disease [6,9].
Vascular complications, including Raynaud's phenomenon and vasculitis as well as ocular manifestations,
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may also occur [6]. Furthermore, hematologic abnormalities, such as cytopenias and thrombocytopenia, are
common in SLE patients and are often accompanied by elevated inflammatory markers [6]. Also, flares can
happen frequently, and remission can be hard to induce and sustain [10]. Researchers and clinicians in the
field are still actively studying the factors underlying lupus causes and symptoms. The most comprehensive
and accurate classification criteria to date are those employed by the American College of Rheumatology
(ACR) and the European League Against Rheumatism (EULAR) [11].

Genetic and environmental influences in SLE
Although the precise pathophysiology of SLE remains unclear, patients present with vasculopathy,
deposition of immunological complexes (ICs) in multiple organs, and an overall inflammatory environment
[1]. The clinical heterogeneity of SLE revealed that the disease pathology is influenced by a variety of
susceptibility variables, including genetic, epigenetic, environmental, infectious, and hormonal factors [1].
The development of SLE is mainly caused by a number of genes, the interaction of sex hormones, and faulty
immune regulatory systems, including poor removal of apoptotic cell debris and immune complex
deposition [5,12]. Genome-wide association studies (GWAS) have identified over 100 gene loci associated
with SLE susceptibility, categorized into four main groups [13-15]. The first group includes genes involved in
apoptosis, autophagy, DNA repair, lysosome function, and immune complex clearance [14]. The second
group encompasses genes related to innate immunity and associated signaling pathways like IFN-I, toll-like
receptors (TLR), and nuclear factor κB (NFκB) [15]. Approximately 50% of SLE patients have chronically high
blood levels of IFN-I [16]. Also, the "IFN signature," characterized by the overexpression of IFN-I pathway
genes in peripheral blood cells, has been observed in an even higher proportion of individuals [17-19]. IFN
signature genes can also be induced by other pathways and downstream effectors [20-22]. Elevated IFN-1
activity has been correlated with other cytokines, such as B-cell activating factor (BAFF) and type II IFN
(IFN-II), along with certain autoantibodies and clinical symptoms like lupus nephritis [23-25]. The third
group consists of genes involved in adaptive immunity, including HLA and non-HLA genes [15]. The fourth
group comprises genes with known immune functions but unclear roles in SLE [15]. These genetic factors
explain about 30-50% of SLE heritability, with other contributions from rare genetic variants, epigenetic
changes, and gene interactions [26,27]. On this account, numerous epigenetic alterations, including
methylation, acetylation, and short RNA, have also been discovered to influence the pathophysiology of the
disease; yet, as these modifications might differ from one another, a customized strategy is needed to clarify
the function of these mechanisms in lupus patients [10].

Corticosteroids and immunosuppressant medications are commonly used in combination as current
treatments for SLE; however, many of these medications have serious adverse effects and are not FDA-
approved for the condition [28]. Despite advances in treatment, individuals with moderate-to-severe SLE
still face a large illness burden and few therapeutic options. In over 50 years, the FDA has only approved two
novel molecularly targeted medications as adjuvant therapy for adult SLE patients namely: belimumab and
anifrolumab, which recognize BAFF and the IFN-I receptor, respectively [29,30].

Anifrolumab treatment in SLE
The pivotal role of IFN-I in SLE pathogenesis led to the development of anifrolumab (Saphnelo™), a human
IgG1κ monoclonal antibody that antagonizes the type 1 interferon receptor subunit 1 (IFNAR1) to inhibit
IFN-I signaling, involved in innate and adaptive antiviral immunity across various cells [2,30]. By doing so,
anifrolumab impedes the formation of the IFN/IFNAR complex, consequently inhibiting subsequent gene
transcription. Also, by targeting the receptor involved in the cellular signaling, anifrolumab neutralizes
several interferons including IFN-α, IFN-β, IFN-ε, IFN-κ, and IFN-ω [31]. This inhibition prevents the
activation of the IFN-I pathway, which is known to play a central role in the immunopathogenesis of SLE
and thus helps correct the dysregulated immune responses seen in SLE.

Anifrolumab has been approved for the treatment of adult patients with moderate-to-severe SLE based on
findings from the phase 2 MUSE trial and two phase 3 trials, TULIP-1 and TULIP-2 [2]. It was developed by
AstraZeneca for the treatment of autoimmune disorders, including SLE and lupus nephritis, whose
underlying pathogenesis involves IFN-I [30]. Before being approved by major regulatory agencies, in 2021 by
the FDA and 2022 by the EMA, anifrolumab underwent several clinical trials including the two TULIP Phase
III trials and the MUSE Phase II trial [32,33]. In particular, analysis of data obtained from the trials indicated
that anifrolumab suppressed inflammatory proteins associated with disease activity, improved markers of
cardiometabolic disease, and reversed SLE-related cytopenias, supporting the broad impact of IFNAR1
blockade [2].

The aim of this systematic review was to compile and evaluate the available data on anifrolumab's safety,
efficacy, and long-term results for treating moderate-to-severe SLE, taking into account information from
clinical trials as well as empirical data. To fully understand anifrolumab's clinical utility, it is essential not
only to summarize data from clinical trials but also to explore the subtleties of the drug's performance in
different patient subgroups. Through the assessment of anifrolumab's safety, efficacy, and pharmacokinetics
in a range of demographic groups and disease phenotypes, this review aims to provide a more
comprehensive understanding of the drug's potential for therapeutic use in real-world clinical scenarios.
Hopefully, through the identification of patient variables that may impact therapy outcomes, this study will
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aid in the progress toward more personalized therapeutic techniques to meet the needs of each particular
patient.

Research question
The research question of this systematic review was to evaluate the safety, efficacy, and long-term
effectiveness of anifrolumab for treating moderate-to-severe SLE, based on available data from clinical trials
and empirical research.

Research objective
The objective of this systematic review was to evaluate all available data, including real-world studies and
clinical trial data, regarding the use of anifrolumab in the treatment of moderate-to-severe SLE. We aimed to
offer insights into the drug's therapeutic potential and support clinical decision-making by synthesizing this
evidence.

Research rationale
The rationale for conducting this study stems from the need to address the unmet medical need in SLE
management and explore innovative treatment approaches. Anifrolumab has emerged as a promising
therapy for SLE, offering the potential to reduce disease activity, prevent organ damage, and improve
patient’s quality of life. 

Review
Methodology 
Search Strategy 

A systematic search was conducted in PubMed using the following keywords: "anifrolumab," "systemic lupus
erythematosus," "efficacy," and "safety." The search was limited to articles published 1st of May 2024.

The inclusion criteria for this systematic review include publications that assess anifrolumab's safety and
effectiveness in treating SLE, that were published by the specified date, that involved human subjects, and
that reported original research findings, including observational studies, case-control studies, and clinical
trials. On the other hand, the exclusion criteria comprise medical letters and documentation that do not
provide new information regarding anifrolumab's safety and efficacy in the treatment of SLE, systematic
reviews and meta-analyses comparing different biological agents in SLE that are considered outdated, and
articles that concentrate on lupus nephritis rather than SLE. 

Article Selection 

Initially, 40 articles were identified through the search. Six articles that addressed lupus nephritis rather
than SLE were disqualified from consideration. Moreover, three papers were eliminated because they
compared various biological agents in SLE through systematic reviews and meta-analyses, which were
judged out of date given the field's developments. Finally, four medical letters and documentation were not
included in the evaluation as they did not provide newer findings regarding the efficacy and safety of the
drug. All 27 remaining articles identified during the initial search process were utilized for this systematic
review. In addition to the articles retrieved from the initial search, an extra article was included based on its
relevance to the topic under investigation.

Data Items Extraction and PICO Framework

From the 28 remaining articles selected for screening, a meticulous extraction process was undertaken to
collect relevant data about the study's methodology. This included information about the study's design
(e.g., observational studies, randomized controlled trials (RCT), or case-control studies), as well as specific
data items according to the PICO framework, which stands for population, intervention, comparison, and
outcome.

Population: The study participants' demographic attributes, including their ethnicity, as well as information
about the disease's attributes, such as its duration and severity, were documented and reported in the chosen
publications. 

Intervention: Detailed information about anifrolumab administration was recorded, including dosage,
frequency, duration, and mode of administration.

Comparison: In the included studies, anifrolumab was compared to both placebo and standard of treatment
allowing us to evaluate its safety and efficacy, as well as how well it worked in comparison to other
established treatments for SLE.
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Outcome: Detailed summaries of the research were collected, covering efficacy outcomes such as clinical
response rates, disease activity metrics, and changes in biomarkers. All adverse events (AEs) and safety
concerns pertaining to the administration of anifrolumab were also recorded.

Table 1 outlines the details of the systematic search conducted in PubMed for articles related to
anifrolumab's safety and efficacy in treating SLE.

Search
number Query Filters Search details Results

1

"anifrolumab"
AND "systemic
lupus
erythematosus"
AND "efficacy"
AND "safety"

- Publication Date: Up to 1st
May 2024 - Article type:
Original research - Study
types: Observational studies,
case-control studies, clinical
trials

Conducted a systematic search in
PubMed using the mentioned
keywords with a publication date
restriction up to 1st May 2024.
Excluded articles that did not meet
inclusion criteria.

40 articles were
identified, and 27 were
retained after exclusions.
1 extra article was
included based on
relevance to the topic.

TABLE 1: Summary of the specifics of the systematic search for publications about the safety and
effectiveness of anifrolumab in treating SLE.

PRISMA Guidelines 

To ensure transparency and adherence to rigorous systematic review methods, the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines was followed. Figure 1 shows a
PRISMA flowchart that describes the study selection procedure. This flowchart presents the totality of
articles selected, screened, and included at each stage as well as the rationale behind their exclusion, along
with the methodical search approach that was used.

FIGURE 1: PRISMA chart representing the systematic process
employed for selecting studies to be included in the systematic review
on the safety and efficacy of anifrolumab in treating SLE.
PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses

Quality Assessment 

Ensuring that only studies of high methodological quality were included in the review, this assessment
covered important factors like study design appropriateness, sample size adequacy, implementation of

 

2024 Cingireddy et al. Cureus 16(7): e63966. DOI 10.7759/cureus.63966 4 of 13

javascript:void(0)
javascript:void(0)
https://assets.cureus.com/uploads/figure/file/1097192/lightbox_a7e42290391411efa937f5ca4db25551-prisma-ultra.png


blinding techniques (i.e., single-blind, double-blind), proper randomization procedures, allocation
concealment methods (i.e., randomization) to minimize bias and robust strategies for handling missing data.

Data Interpretation 

An extensive analysis was conducted to synthesize and evaluate the retrieved data in order to get valuable
insights into the safety and efficacy of anifrolumab as a treatment for SLE. In order to reach well-founded
conclusions about the drug's therapeutic potential in managing SLE, this process involved carefully
weighing the advantages and disadvantages of the included studies, spotting trends among disparate
research findings, and critically evaluating the body of available data. The interpretation phase also involved
addressing any discrepancies or conflicting results among the included studies, ensuring a comprehensive
and nuanced understanding of anifrolumab's role in SLE management.

Results
Evaluating Safety, Effectiveness, and Long-Term Results of Anifrolumab in Clinical Trials of Moderate-to-Severe
SLE

Before being approved by major regulatory agencies, anifrolumab underwent several clinical trials including
two TULIP Phase III trials and the MUSE Phase II trial [32,33]. 

During the MUSE Phase IIb (NCT01438489), a randomized, double-blind, placebo-controlled study,
anifrolumab was assessed for efficacy and safety in adults with moderate-to-severe SLE [34]. For 48 weeks,
patients (n=305) received conventional therapy in addition to intravenous anifrolumab (300 mg or 1000 mg)
or placebo every four weeks. A considerably higher percentage of patients treated with anifrolumab than
with placebo achieved the primary endpoint, the SLE Responder Index SRI (4) response at week 24, which
included a sustained reduction of oral corticosteroids, improvement of skin disease, and a reduction of flare
rates [34]. In patients with a strong baseline IFN signature, the effect was more noticeable. Monthly
intravenous administration of 300 mg of anifrolumab produced significant treatment differences (>16%) in
response rates to the Composite Lupus Assessment at Week 52 across all studies, based on the British Isles
Lupus Assessment Group-based Composite Lupus Assessment (BICLA) [34]. Moreover, patients on
anifrolumab at week 52 showed improved responses in a number of secondary outcomes and across various
clinical endpoints, including major clinical response, BICLA, modified SRI (6), and SRI (4) [34,35]. Also, a
meta-analysis of three RCTs involving 459 patients, and 468 controls confirmed that anifrolumab, as
opposed to placebo, significantly increased BICLA responses. When compared to a placebo, anifrolumab also
significantly decreased the use of steroids and the Cutaneous Lupus Erythematosus Disease Area and
Severity Index (CLASI) scores. Moreover, anifrolumab increased SRI (7) and SRI (8) responses compared to
placebo [36]. 

During the MUSE trial, an analysis of the exposure-response relationship, pharmacokinetics, and SRI (4)
efficacy data indicated that intravenous injections of anifrolumab 300 mg every four weeks were the optimal
dosage [37]. The entirety of the anifrolumab pharmacokinetics and pharmacodynamics data combined with
the low immunogenicity has demonstrated that, overall, the approved anifrolumab 300 mg IV every four
weeks regimen provides sufficient drug exposure to maximize benefit, while maintaining a tolerable safety
profile in SLE patients who are receiving standard therapy [38-40].

In patients with moderate-to-severe SLE who completed the MUSE Phase IIb RCT, anifrolumab was
investigated for its long-term safety and tolerability over a study period spanning three years. AEs were
monitored monthly, and exploratory endpoints included disease activity, damage index, pharmacodynamics,
and health-related quality of life (HRQoL) [34-36,41]. Of the patients who completed the RCT, 88.6%
enrolled in the open-label extension study, with 63.8% completing the full three-year treatment. In the first
year of open-label extension treatment, about 69.7% of patients reported having at least one AE, and
throughout the course of three years, constant patterns of significant AEs were noted [41]. As a result, a
small percentage of patients (6.9%) stopped their therapy, and no new safety flags were noted. In the IFN-
high population, there was a persistent decrease in disease activity and retention of IFN-I gene signature
neutralization. Overall, the safety profile of long-term anifrolumab treatment was found to be acceptable,
and serologic markers, HRQoL, and SLE disease activity all showed consistent improvements [41]. 

Moreover, because patients might find subcutaneous administration more convenient than intravenous
delivery, researchers sought to assess the pharmacokinetics, pharmacodynamics, safety, and efficacy of
subcutaneous anifrolumab on individuals with SLE, active skin disease, and a high IFN-I gene signature.
Indeed, the safety profile of subcutaneously administered anifrolumab every two weeks to SLE patients with
moderate-to-severe skin manifestations remained consistent with previous studies of intravenously
administered anifrolumab. This supports the ongoing development of subcutaneous anifrolumab therapy for
patients with SLE [42].

Global Phase III clinical trials (TULIP 1 and 2) further evaluated anifrolumab's efficacy [43,44]. TULIP
1 (NCT02547922) and TULIP 2 (NCT02446899) were 52-week randomized, placebo-controlled trials that
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involved the intravenous administration of anifrolumab every four weeks. In TULIP 1, anifrolumab and
placebo groups did not exhibit statistically significant differences in primary endpoints, specifically in
BICLA response. On the other hand, TULIP 2 demonstrated noteworthy advancements in various
parameters, such as the BICLA response rate at week 52, irrespective of the presence of the IFN signature.
Furthermore, TULIP 2 showed noteworthy advancements in important secondary outcomes including the
reduction in glucocorticoid dose to ≤7.5 mg/day, sustained from week 40 to week 52, a reduction of ≥50% in
the Cutaneous Lupus Erythematosus Disease Area and Severity Index (CLASI) at week 12, a reduction of
≥50% from baseline in counts of swollen and tender joints at week 52, and the annualized flare rate through
week 52 [43,44]. 

Overall, unlike previous trials with rontalizumab and sifalimumab, anifrolumab demonstrated efficacy in
tested groups, with statistically significant effects on secondary endpoints. Ultimately, these findings
suggested that targeting IFN-I in SLE patients is associated with clinical efficacy and safety, which
ultimately supports the approval of this drug by several regulatory agencies [45]. In particular, in a critical
appraisal of evidence that led to FDA approval of anifrolumab for SLE treatment, it has been stated that
anifrolumab was found to be effective in lowering disease activity and improving clinical outcomes in
patients with moderate-to-severe SLE, although the occurrence of certain AEs warrants attention [46]. In
particular, with the exception of a slightly higher incidence of some viral infections, such as varicella zoster
and herpes zoster, as well as possibly influenza, nasopharyngitis, and bronchitis, especially in patients
without specific comorbidities or chronic infections, AEs were generally comparable between the
anifrolumab and placebo groups [34,36,41,43,47-51]. This may prompt specific precautions such as
preemptive vaccination and individual risk-benefit assessments.

Assessing Pharmacokinetics, Safety, and Efficacy of Anifrolumab in Various Patient Subgroups With Moderate-
to-Severe SLE

Moreover, pooled data from two phase III trials were analyzed to characterize the relationship between
anifrolumab pharmacokinetics, efficacy, and safety in patients with moderate to severe SLE despite standard
therapy [38]. The analysis included patients receiving anifrolumab (150 mg or 300 mg) or placebo, with a
focus on those who completed treatment and had high interferon gene signature (IFNGS). BICLA and SRI (4)
response rates were evaluated at week 52 using exposure-response analysis in relation to the average serum
concentration of anifrolumab (Cave). Cave was found to be a significant covariate in the anticipated BICLA
response by logistic regression, meaning that higher anifrolumab Cave was associated with increased
efficacy. Anifrolumab 300 mg was preferred over placebo in BICLA and SRI (4) treatment differences across
all Cave subgroups and analytic populations. Importantly, neither anifrolumab dose was associated with
exposure-driven safety events in any of the individuals [38]. 

Another pooled analysis of phase II and III trials was carried out to evaluate the safety and tolerability of
anifrolumab in adults with moderate to severe SLE. According to the study, anifrolumab was generally well
tolerated during a 52-week period, with AEs occurring in 86.9% of participants as opposed to 79.4% in the
placebo group [48]. 

Moreover, a long-term extension study investigated the safety of anifrolumab 300 mg compared to placebo
in SLE patients who completed the TULIP phase III trial [52]. Patients continued anifrolumab 300 mg or
switched from anifrolumab 150 mg to 300 mg or were re-randomized from placebo to either anifrolumab 300
mg or placebo every four weeks. Results showed that SAEs and AEs leading to treatment discontinuation
were lower with anifrolumab compared to placebo. Moreover, COVID-related AEs were higher with
anifrolumab, but no COVID-related AEs occurred in fully vaccinated individuals. Malignancy and major
cardiovascular events were low and comparable between groups. Anifrolumab was associated with lower
glucocorticoid use and greater improvement in the SLE Disease Activity Index 2000 (SLEDAI‐2K). Overall,
the study supported the favorable long-term benefit-risk profile of anifrolumab for patients with moderate-
to-severe SLE [52].

Anifrolumab's safety and effectiveness in treating SLE were investigated in another post hoc analysis using
pooled data from the phase III TULIP 1 and TULIP 2 studies, taking into account differences in patient
subgroups. These subgroups included those based on serological markers, clinical features, demographic
parameters, and IFNGS. When compared to IFNGS-low individuals, IFNGS-high patients typically had higher
baseline disease activity and aberrant serological markers. Subgroups showing larger treatment differences
included IFNGS-high patients, those with abnormal baseline serological markers, and Asian patients [53].
This brings attention to potential variations across different subgroups and emphasizes how crucial it is to
carefully choose patients in order to maximize treatment outcomes [54-57].

In particular, in another post hoc analysis of the phase III TULIP-2 trial, the efficacy and safety of
anifrolumab in Japanese patients with SLE were evaluated [54,56]. In this study, 362 patients on
conventional care were randomized to receive 300 mg IV anifrolumab every four weeks or a placebo during a
52-week period. Anifrolumab's safety and tolerability profile in SLE patients from Japan were in line with
what was shown in the TULIP-2 cohort as a whole. According to these results, anifrolumab 300 mg is safe
and efficacious for SLE patients in Japan, which is consistent with its established clinical profile in the larger
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trial group [54,56]. Overall these studies suggest consistent efficacy and safety of anifrolumab across a range
of patients with moderate-to-severe SLE [53-56].

In order to provide a comprehensive overview of the efficacy and safety of anifrolumab in the management
of moderate-to-severe SLE, a table summarizing the key findings from the mentioned clinical trials was
compiled (Table 2).
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Study Title
Study
Design

Patient
Population

Intervention
Primary
Endpoint(s)
Achieved

Secondary Endpoint(s)
Achieve

AEs  

MUSE phase
IIb 
[34,35,37,39-41]
 

RCT

Adults with
moderate-
to-severe
SLE

IV
anifrolumab
(300 mg or
1,000 mg) or
placebo
every 4
weeks

SLE
Responder
Index SRI (4)
response at
week 24

Composite Lupus Assessment
at Week 52, major clinical
response, modified SRI (6), and
SRI (4) at week 52

Higher incidence of viral
infections (varicella zoster,
herpes zoster, possibly
influenza, nasopharyngitis, and
bronchitis); 69.7% reported at
least one AE in first year; 6.9%
discontinued due to AEs; no
new safety flags

 

Global phase III
trials (TULIP 1
and TULIP 2)
[34,36,43,44,46-
51]  

RCT

Patients
with
moderate-
to-severe
SLE

IV
anifrolumab
(300 mg)
every 4
weeks

Significant
improvements
in BICLA
response rate
at week 52
(TULIP 2)

Reduction in glucocorticoid
dose to ≤7.5 mg/day,  from
Week 40 to 52; reduction of
≥50% in CLASI at Week 12;
reduction of ≥50% in counts of
swollen and tender joints at
Week 52; annualized flare rate
through Week 52

Higher incidence of viral
infections (varicella zoster,
herpes zoster, possibly
influenza, nasopharyngitis, and
bronchitis); AEs generally
comparable to placebo

 

Long-term
safety
assessment
after MUSE
phase IIb [34-
36,41]  

Observational

SLE
patients
completing
MUSE
phase IIb
RCT

IV
anifrolumab
(300 mg)
every 4
weeks

Acceptable
safety profile,
persistent
decrease in
disease
activity,
improvement
in HRQoL

N/A

69.7% reported at least one AE
in the first year; 6.9%
discontinued due to AEs; no
new safety flags noted

 

LTE study after
TULIP trials [52]

RCT

SLE
patients
completing
TULIP
Phase III
trials

Anifrolumab
300 mg or
150 mg or
placebo
every 4
weeks

Lower
incidence of
SAEs and AEs
leading to
treatment
discontinuation
with
anifrolumab
compared to
placebo

Lower glucocorticoid use and
greater improvement in the
SLEDAI‐2K

Higher incidence of COVID-
related AEs with anifrolumab,
but none in fully vaccinated
individuals; low and
comparable rates of
malignancy and major
cardiovascular events between
groups

 

Pooled analysis
of TULIP 1 and
TULIP 2 trials
[38,48]

Observational

Adults with
moderate-
to-severe
SLE

IV
anifrolumab
every 4
weeks

Safety and
effectiveness
consistent with
trial cohorts

N/A

AEs in 86.9% of anifrolumab
group vs. 79.4% of placebo
group; higher incidence of
certain viral infections (varicella
zoster, herpes zoster,
nasopharyngitis, and
bronchitis)

 

Analysis in
Japanese
patients (TULIP
2 trial) (53-57)  

RCT
Japanese
patients
with SLE

IV
anifrolumab
(300 mg)
every 4
weeks

Safety and
efficacy
consistent with
larger trial
group

N/A

AEs generally consistent with
larger trial population; higher
incidence of viral infections
(varicella zoster and herpes
zoster)

 

TABLE 2: Key findings from clinical trials evaluating the safety and effectiveness of anifrolumab
in moderate-to-severe SLE.
AEs, adverse events; LTE, long-term extension; SAEs, serious adverse events; RCT, randomized controlled trial; SLE, systemic lupus erythematosus

Now that the drug is being widely used in the real world, it will generate the data required to understand
more about the types of patients who respond best to it and when anifrolumab should be utilized in a
treatment plan [58].
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Recently, anifrolumab's safety and effectiveness were assessed in a retrospective observational study in SLE
patients classified by Lupus Low Disease Activity State (LLDAS) in actual clinical settings (Table 3) [59]. The
primary endpoint was the retention rate of anifrolumab over 26 periods following commencement. At week
12, LLDAS achievement rates were evaluated by contrasting patients who experienced mild flares with those
who did not achieve LLDAS. Using propensity score adjustment, safety and effectiveness were compared with
standard of care (SoC) groups receiving immunosuppressive therapy or glucocorticoids. At week 26, the
retention rate for anifrolumab was 89.7%. Week 12 LLDAS accomplishment rates were 42.9% in the non-
LLDAS achievement group and 66.7% in the minor flare group. The anifrolumab group, especially those with
mild flares, presented considerably lower glucocorticoids dosages without significantly differing in LLDAS
accomplishment compared to SoC groups. These results imply that anifrolumab may be able to successfully
decrease disease activity and lower glucocorticoids dosages, particularly in patients who are having mild
flare-ups following LLDAS [59]. 

Study Title
Patient
Population

Intervention Primary Endpoint(s) Achieved Secondary Endpoint(s) Achieved AEs

Retrospective
observational study
in clinical settings
[58,59]

SLE
patients
classified
by LLDAS

IV
anifrolumab

Retention rate of anifrolumab over 26
weeks, LLDAS achievement rates at
week 12, safety comparison with
SoC groups

Lower glucocorticoids dosages in
anifrolumab group; no significant
differences in LLDAS accomplishment
compared to SoC groups

N/A

TABLE 3: Findings from a retrospective observational study in clinical settings evaluating safety
and effectiveness of anifrolumab in moderate-to-severe SLE.
LLDAS, Lupus Low Disease Activity State; AEs, adverse events; SLE, systemic lupus erythematosus; SoC, standard of care

Discussion 
The results of this systematic review shed important light on the long-term effects, safety, and efficacy of
anifrolumab in the management of moderate-to-severe SLE. Following a thorough assessment in several
clinical trials such as the MUSE Phase II and the TULIP Phase III trials, anifrolumab showed notable
effectiveness in meeting key endpoints, including major clinical response, BICLA, CLASI, and SRI response
[34-41,43,44]. Patients treated with anifrolumab demonstrated significant improvements in skin disease, a
sustained reduction in oral corticosteroids, and a lower frequency of flare-ups when compared to those
receiving a placebo [34]. Furthermore, anifrolumab's long-term safety and tolerability were evaluated over
the course of a three-year study, and the findings demonstrated an acceptable safety profile with consistent
improvements in disease activity, serologic markers, and HRQoL [34-36,41]. Notably, side effects were
mostly under control, and only a small number of patients had a slightly elevated risk of some viral
infections, including varicella-zoster and herpes zoster, as well as possible influenza, nasopharyngitis, and
bronchitis [34-36,47,49-51].

It was shown that anifrolumab's pharmacokinetics and pharmacodynamics were most effective in
optimizing therapeutic effects while keeping a manageable safety profile. This was especially true when the
drug was administered intravenously at a dose of 300 mg every four weeks, even in a long-term assessment
study [37,52]. Moreover, evidence showing similar safety and efficacy to intravenous administration also
backed the convenience of anifrolumab subcutaneous dosing every two weeks, which would ultimately
enhance patient convenience and comfort while maintaining therapeutic efficacy and safety [42].

Asian patients and those with a strong IFNGS were among the patient groups for which subgroup analysis
demonstrated anifrolumab's effectiveness [53-57]. In these subgroups, administering anifrolumab has
demonstrated steady efficacy and safety, which supports its validation as a viable SLE therapy choice by
regulatory agencies [32,33]. These results highlight the significance of personalizing treatment plans to the
unique features of each patient since they imply that specific biological and demographic variables may
affect how well a medication works. Anifrolumab's application in the real world is expected to provide
priceless insights into the subtleties of patient response patterns as data mounts. By means of extensive
observation and examination of results across many clinical contexts, scientists and medical professionals
can gain a more profound comprehension of the patient characteristics that are most advantageous for
positive reactions to anifrolumab treatment. With the support of this increasing amount of data,
anifrolumab can be optimally incorporated into individualized treatment plans for patients with SLE,
allowing for more complex and personalized approaches to treatment decision-making.

The results of this systematic analysis are reinforced by empirical data demonstrating anifrolumab's efficacy
and retention rate in patients classified according to LLDAS [59]. According to these results, anifrolumab
therapy may be useful in lessening the severity of SLE and, consequently, the requirement for glucocorticoid
medication, especially in individuals who experience mild flare-ups after reaching LLDAS. These findings
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point to a possible direction for tailored therapeutic approaches meant to maximize disease control and
reduce side effects associated with treatment. This suggests the importance of taking into account unique
patient features and disease trajectories when making treatment decisions, highlighting the potential of
anifrolumab to meet the unique needs of patients navigating the challenges associated with managing SLE.

Moreover, given the proven efficacy and safety of anifrolumab in treating SLE, there has been a growing
interest in exploring additional treatment avenues for this drug. For instance, it has been suggested that
further drug development efforts targeting plasmacytoid dendritic cells and TLR may provide additional
benefits given their role in interferon production [45]. By targeting these components, one may strategically
intervene early in the immune response cascade and maybe lessen the hyperactive immunological response
that is a hallmark of SLE. By modulating the activity of plasmacytoid dendritic cells and TLR, it may be
possible to more effectively regulate interferon production, thereby exerting a broader influence on the
immune dysregulation underlying SLE pathology. When combined with anifrolumab, this multimodal
approach may have synergistic benefits that improve clinical outcomes and help better manage the
condition in SLE patients.

In addition, a study evaluated the impact of anifrolumab on neutrophil dysregulation and cardiometabolic
disease markers in patients with moderate-to-severe SLE. Specifically, it was demonstrated that anifrolumab
markedly decreased the production of NETs, tumor necrosis factor (TNF), and interleukin-10 (IL-10) levels,
all of which were correlated with IFN-I pathway activity. Anifrolumab treatment improved dysregulated
cardiometabolic disease markers, such as glycoprotein acetylation (GlycA) and cholesterol efflux capacity
(CEC), relative to baseline. These results imply that anifrolumab, which inhibits the IFN-I pathway, may
reduce the risk of cardiovascular disease in SLE patients by modifying the variables that lead to SLE
vasculopathy [60].

Another recent study demonstrated that anifrolumab holds promise in addressing refractory cutaneous
manifestations in patients with cutaneous lupus erythematosus (CLE), including those with SLE. Its
effectiveness in alleviating cutaneous symptoms is supported by evidence from the literature and clinical
instances, despite the paucity of real-world efficacy and safety data. Specifically, it was reported that
anifrolumab treatment produced positive results for four patients with SLE and refractory CLE. This finding
suggests that patients with skin-limited lupus may also benefit from anifrolumab treatment [61].

Moreover, although not the focus of this systematic review, anifrolumab is being evaluated in lupus
nephritis, one of the most common severe organ manifestations of SLE, occurring in up to ~50% of patients
[62,63]. In particular, the safety and tolerability profile in the TULIP-LN trial (NCT02547922) has been shown
to be generally acceptable, with promising efficacy results for the patients receiving an intensified regimen
of 900 mg for the first three doses followed by 300 mg anifrolumab. Collectively, the results support further
investigation of an anifrolumab-intensified dosing regimen in larger populations of patients with active
proliferative lupus nephritis.

Conclusions
Overall, this systematic review offers a thorough understanding of the effectiveness, safety, and long-term
consequences of anifrolumab in the management of moderate-to-severe SLE. To assess these points, the
results obtained from the MUSE Phase II and TULIP Phase III trials have been evaluated. The analysis
resulted in the finding that anifrolumab significantly improved patient outcomes, while remaining safe to
use and generally well tolerated. Also, across prolonged trial periods, it was shown that the use of this drug
resulted in sustained improvements in disease activity and quality of life for affected patients, ultimately
indicating that its long-term safety profile is still positive. Moreover, anifrolumab's efficacy in treating
particular patient groups, such as Asian patients and those with a strong interferon gene signature, has also
been highlighted by subgroup studies, which adds to the evidence supporting its acceptance as a treatment
option for SLE.

The increased interest in investigating alternative therapy options, such as targeting toll-like receptors and
plasmacytoid dendritic cells, underlines the potential for more innovation in SLE management strategies.
Additionally, there were newer data points to possible advantages of anifrolumab beyond its original
indications, such as effects on markers of cardiometabolic illness, neutrophil dysregulation, and refractory
cutaneous symptoms in individuals affected by CLE. Although further studies are required to completely
understand the wider therapeutic implications of anifrolumab, especially in lupus nephritis, these findings
support further research into anifrolumab's role in personalized treatment plans for SLE.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Ananya Reddy Cingireddy, Navya Ramini, Anirudh Reddy Cingireddy

 

2024 Cingireddy et al. Cureus 16(7): e63966. DOI 10.7759/cureus.63966 10 of 13

javascript:void(0)
javascript:void(0)
javascript:void(0)
javascript:void(0)


Acquisition, analysis, or interpretation of data:  Ananya Reddy Cingireddy, Navya Ramini, Anirudh
Reddy Cingireddy

Drafting of the manuscript:  Ananya Reddy Cingireddy, Navya Ramini, Anirudh Reddy Cingireddy

Critical review of the manuscript for important intellectual content:  Ananya Reddy Cingireddy, Navya
Ramini, Anirudh Reddy Cingireddy

Supervision:  Ananya Reddy Cingireddy

Disclosures
Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References
1. Akhil A, Bansal R, Anupam K, Tandon A, Bhatnagar A: Systemic lupus erythematosus: latest insight into

etiopathogenesis. Rheumatol Int. 2023, 43:1381-93. 10.1007/s00296-023-05346-x
2. Baker T, Sharifian H, Newcombe PJ, Gavin PG, Lazarus MN, Ramaswamy M: Type I interferon blockade with

anifrolumab in patients with systemic lupus erythematosus modulates key immunopathological pathways
in a gene expression and proteomic analysis of two phase 3 trials. Ann Rheum Dis. 2024, 10:

3. Justiz Vaillant AA, Goyal A, Varacallo M: Systemic Lupus Erythematosus. StatPearls Publishing, Treasure
Island (FL); 20242024.

4. Kaul A, Gordon C, Crow MK, et al.: Systemic lupus erythematosus. Nat Rev Dis Primers. 2016, 2:16039.
10.1038/nrdp.2016.39

5. Ameer MA, Chaudhry H, Mushtaq J, et al.: An overview of systemic lupus erythematosus (SLE) pathogenesis,
classification, and management. Cureus. 2022, 14:e30330. 10.7759/cureus.30330

6. Cojocaru M, Cojocaru IM, Silosi I, Vrabie CD: Manifestations of systemic lupus erythematosus . Maedica
(Bucur). 2011, 6:330-6.

7. Zoma A: Musculoskeletal involvement in systemic lupus erythematosus . Lupus. 2004, 13:851-3.
10.1191/0961203303lu2021oa

8. Ben-Menachem E: Review article: systemic lupus erythematosus: a review for anesthesiologists . Anesth
Analg. 2010, 111:665-76. 10.1213/ANE.0b013e3181e8138e

9. Cervera R, Khamashta MA, Font J, et al.: Morbidity and mortality in systemic lupus erythematosus during a
10-year period: a comparison of early and late manifestations in a cohort of 1,000 patients. Medicine
(Baltimore). 2003, 82:299-308. 10.1097/01.md.0000091181.93122.55

10. Adams DE, Shao WH: Epigenetic alterations in immune cells of systemic lupus erythematosus and
therapeutic implications. Cells. 2022, 11:506. 10.3390/cells11030506

11. Hanly JG: ACR classification criteria for systemic lupus erythematosus: limitations and revisions to
neuropsychiatric variables. Lupus. 2004, 13:861-4. 10.1191/0961203304lu2024oa

12. Mok CC, Lau CS: Pathogenesis of systemic lupus erythematosus . J Clin Pathol. 2003, 56:481-90.
10.1136/jcp.56.7.481

13. Borchers AT, Naguwa SM, Shoenfeld Y, Gershwin ME: The geoepidemiology of systemic lupus
erythematosus. Autoimmun Rev. 2010, 9:A277-87. 10.1016/j.autrev.2009.12.008

14. Sestan M, Kifer N, Arsov T, Cook M, Ellyard J, Vinuesa CG, Jelusic M: The role of genetic risk factors in
pathogenesis of childhood-onset systemic lupus erythematosus. Curr Issues Mol Biol. 2023, 45:5981-6002.
10.3390/cimb45070378

15. Deng Y, Tsao BP: Updates in lupus genetics . Curr Rheumatol Rep. 2017, 19:68. 10.1007/s11926-017-0695-z
16. Weckerle CE, Franek BS, Kelly JA, et al.: Network analysis of associations between serum interferon-α

activity, autoantibodies, and clinical features in systemic lupus erythematosus. Arthritis Rheum. 2011,
63:1044-53. 10.1002/art.30187

17. Baechler EC, Batliwalla FM, Karypis G, et al.: Interferon-inducible gene expression signature in peripheral
blood cells of patients with severe lupus. Proc Natl Acad Sci. 2003, 100:2610-5. 10.1073/pnas.0337679100

18. Bennett L, Palucka AK, Arce E, Cantrell V, Borvak J, Banchereau J, Pascual V: Interferon and granulopoiesis
signatures in systemic lupus erythematosus blood. J Exp Med. 2003, 197:711-23. 10.1084/jem.20021553

19. Crow MK, Kirou KA, Wohlgemuth J: Microarray analysis of interferon-regulated genes in SLE.
Autoimmunity. 2003, 36:481-90. 10.1080/08916930310001625952

20. Ghodke-Puranik Y, Dorschner JM, Vsetecka DM, et al.: Lupus-associated functional polymorphism in PNP
causes cell cycle abnormalities and interferon pathway activation in human immune cells. Arthritis
Rheumatol. 2017, 69:2328-37. 10.1002/art.40304

21. Robinson T, Kariuki SN, Franek BS, et al.: Autoimmune disease risk variant of IFIH1 is associated with
increased sensitivity to IFN-α and serologic autoimmunity in lupus patients. J Immunol. 2011, 187:1298-
303. 10.4049/jimmunol.1100857

22. Kariuki SN, Kirou KA, MacDermott EJ, Barillas-Arias L, Crow MK, Niewold TB: Cutting edge: autoimmune
disease risk variant of STAT4 confers increased sensitivity to IFN-alpha in lupus patients in vivo. J
Immunol. 2009, 182:34-8. 10.4049/jimmunol.182.1.34

23. Ritterhouse LL, Crowe SR, Niewold TB, et al.: B lymphocyte stimulator levels in systemic lupus

 

2024 Cingireddy et al. Cureus 16(7): e63966. DOI 10.7759/cureus.63966 11 of 13

https://dx.doi.org/10.1007/s00296-023-05346-x
https://dx.doi.org/10.1007/s00296-023-05346-x
https://ard.bmj.com/content/early/2024/05/17/ard-2023-225445
http://www.ncbi.nlm.nih.gov/books/NBK535405/
https://dx.doi.org/10.1038/nrdp.2016.39
https://dx.doi.org/10.1038/nrdp.2016.39
https://dx.doi.org/10.7759/cureus.30330
https://dx.doi.org/10.7759/cureus.30330
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3391953/
https://dx.doi.org/10.1191/0961203303lu2021oa
https://dx.doi.org/10.1191/0961203303lu2021oa
https://dx.doi.org/10.1213/ANE.0b013e3181e8138e
https://dx.doi.org/10.1213/ANE.0b013e3181e8138e
https://dx.doi.org/10.1097/01.md.0000091181.93122.55
https://dx.doi.org/10.1097/01.md.0000091181.93122.55
https://dx.doi.org/10.3390/cells11030506
https://dx.doi.org/10.3390/cells11030506
https://dx.doi.org/10.1191/0961203304lu2024oa
https://dx.doi.org/10.1191/0961203304lu2024oa
https://dx.doi.org/10.1136/jcp.56.7.481
https://dx.doi.org/10.1136/jcp.56.7.481
https://dx.doi.org/10.1016/j.autrev.2009.12.008
https://dx.doi.org/10.1016/j.autrev.2009.12.008
https://dx.doi.org/10.3390/cimb45070378
https://dx.doi.org/10.3390/cimb45070378
https://dx.doi.org/10.1007/s11926-017-0695-z
https://dx.doi.org/10.1007/s11926-017-0695-z
https://dx.doi.org/10.1002/art.30187
https://dx.doi.org/10.1002/art.30187
https://dx.doi.org/10.1073/pnas.0337679100
https://dx.doi.org/10.1073/pnas.0337679100
https://dx.doi.org/10.1084/jem.20021553
https://dx.doi.org/10.1084/jem.20021553
https://dx.doi.org/10.1080/08916930310001625952
https://dx.doi.org/10.1080/08916930310001625952
https://dx.doi.org/10.1002/art.40304
https://dx.doi.org/10.1002/art.40304
https://dx.doi.org/10.4049/jimmunol.1100857
https://dx.doi.org/10.4049/jimmunol.1100857
https://dx.doi.org/10.4049/jimmunol.182.1.34
https://dx.doi.org/10.4049/jimmunol.182.1.34


erythematosus: higher circulating levels in African American patients and increased production after
influenza vaccination in patients with low baseline levels. Arthritis Rheum. 2011, 63:3931-41.
10.1002/art.30598

24. Oke V, Gunnarsson I, Dorschner J, Eketjäll S, Zickert A, Niewold TB, Svenungsson E: High levels of
circulating interferons type I, type II and type III associate with distinct clinical features of active systemic
lupus erythematosus. Arthritis Res Ther. 2019, 21:107. 10.1186/s13075-019-1878-y

25. Muskardin TL, Niewold TB: Type I interferon in rheumatic diseases . Nat Rev Rheumatol. 2018, 14:214-28.
10.1038/nrrheum.2018.31

26. Chen L, Morris DL, Vyse TJ: Genetic advances in systemic lupus erythematosus: an update . Curr Opin
Rheumatol. 2017, 29:423-33. 10.1097/BOR.0000000000000411

27. Cui Y, Sheng Y, Zhang X: Genetic susceptibility to SLE: recent progress from GWAS . J Autoimmun. 2013,
41:25-33. 10.1016/j.jaut.2013.01.008

28. He J, Li Z: Dilemma of immunosuppression and infection risk in systemic lupus erythematosus .
Rheumatology (Oxford). 2023, 62:i22-9. 10.1093/rheumatology/keac678

29. Blair HA, Duggan ST: Belimumab: a review in systemic lupus erythematosus . Drugs. 2018, 78:355-66.
10.1007/s40265-018-0872-z

30. Deeks ED: Anifrolumab: first approval . Drugs. 2021, 81:1795-802. 10.1007/s40265-021-01604-z
31. Liu Z, Cheng R, Liu Y: Evaluation of anifrolumab safety in systemic lupus erythematosus: a meta-analysis

and systematic review. Front Immunol. 2022, 13:996662. 10.3389/fimmu.2022.996662
32. AstraZeneca. Saphnelo (anifrolumab) approved in the US for moderate to severe systemic lupus

erythematosus [Internet]. (2021). Accessed: May 3, 2024: https://www.astrazeneca.com/media-centre/press-
releases/2021/saphnelo-approved-in-the-us-for-sle.html.

33. AstraZeneca. Saphnelo approved in the EU for the treatment of moderate to severe systemic lupus
erythematosus [Internet]. (2021). Accessed: May 3, 2024: https://www.astrazeneca.com/media-centre/press-
releases/2022/saphnelo-approved-in-eu-for-sle.html.

34. Furie R, Khamashta M, Merrill JT, et al.: Anifrolumab, an anti-interferon-α receptor monoclonal antibody, in
moderate-to-severe systemic lupus erythematosus. Arthritis Rheumatol. 2017, 69:376-86. 10.1002/art.39962

35. Tanaka Y, Tummala R: Anifrolumab, a monoclonal antibody to the type I interferon receptor subunit 1, for
the treatment of systemic lupus erythematosus: an overview from clinical trials. Mod Rheumatol. 2021,
31:1-12. 10.1080/14397595.2020.1812201

36. Lee YH, Song GG: Anifrolumab for the treatment of active systemic lupus erythematosus: a meta-analysis of
randomized controlled trials. Z Rheumatol. 2021, 80:988-94. 10.1007/s00393-020-00928-7

37. Chia YL, Santiago L, Wang B, Kuruvilla D, Wang S, Tummala R, Roskos L: Exposure-response analysis for
selection of optimal dosage regimen of anifrolumab in patients with systemic lupus erythematosus.
Rheumatology (Oxford). 2021, 60:5854-62. 10.1093/rheumatology/keab176

38. Chia YL, Zhang J, Tummala R, Rouse T, Furie RA, Morand EF: Relationship of anifrolumab
pharmacokinetics with efficacy and safety in patients with systemic lupus erythematosus. Rheumatology
(Oxford). 2022, 61:1900-10. 10.1093/rheumatology/keab704

39. Tang W, Tummala R, Almquist J, Hwang M, White WI, Boulton DW, MacDonald A: Clinical
pharmacokinetics, pharmacodynamics, and immunogenicity of anifrolumab. Clin Pharmacokinet. 2023,
62:655-71. 10.1007/s40262-023-01238-2

40. Chia YL, Tummala R, Mai TH, et al.: Relationship between anifrolumab pharmacokinetics,
pharmacodynamics, and efficacy in patients with moderate to severe systemic lupus erythematosus. J Clin
Pharmacol. 2022, 62:1094-105. 10.1002/jcph.2054

41. Chatham WW, Furie R, Saxena A, Brohawn P, Schwetje E, Abreu G, Tummala R: Long-term safety and
efficacy of anifrolumab in adults with systemic lupus erythematosus: results of a Phase II open-label
extension study. Arthritis Rheumatol. 2021, 73:816-25. 10.1002/art.41598

42. Bruce IN, Nami A, Schwetje E, Pierson ME, Rouse T, Chia YL: Pharmacokinetics, pharmacodynamics, and
safety of subcutaneous anifrolumab in patients with systemic lupus erythematosus, active skin disease, and
high type I interferon gene signature: a multicentre, randomised, double-blind, placebo-controlled, phase 2
study. Lancet Rheumatol. 2021, 3:101-10. 10.1016/S2665-9913(20)30342-8

43. Tanaka Y: State-of-the-art treatment of systemic lupus erythematosus . Int J Rheum Dis. 2020, 23:465-71.
10.1111/1756-185X.13817

44. Furie RA, Morand EF, Bruce IN, Manzi S, Kalunian KC, Vital EM: Type I interferon inhibitor anifrolumab in
active systemic lupus erythematosus (TULIP- 1): a randomised, controlled, phase 3 trial. Lancet Rheumatol.
2019, 1:208-19. 10.1016/S2665-9913(19)30076-1

45. Kalunian KC: Interferon-targeted therapy in systemic lupus erythematosus: is this an alternative to
targeting B and T cells?. Lupus. 2016, 25:1097-101. 10.1177/0961203316652495

46. Loncharich MF, Anderson CW: Interferon inhibition for lupus with anifrolumab: critical appraisal of the
evidence leading to FDA approval. ACR Open Rheumatol. 2022, 4:486-91. 10.1002/acr2.11414

47. Kirou KA, Dall Era M, Aranow C, Anders HJ: Belimumab or anifrolumab for systemic lupus erythematosus? A
risk-benefit assessment. Front Immunol. 2022, 13:980079. 10.3389/fimmu.2022.980079

48. Tummala R, Abreu G, Pineda L, Michaels MA, Kalyani RN, Furie RA, Morand EF: Safety profile of
anifrolumab in patients with active SLE: an integrated analysis of phase II and III trials. Lupus Sci Med.
2021, 8:000464. 10.1136/lupus-2020-000464

49. Steiger S, Ehreiser L, Anders J, Anders HJ: Biological drugs for systemic lupus erythematosus or active lupus
nephritis and rates of infectious complications. Evidence from large clinical trials. Front Immunol. 2022,
13:999704. 10.3389/fimmu.2022.999704

50. Narain S, Furie R: Update on clinical trials in systemic lupus erythematosus . Curr Opin Rheumatol. 2016,
28:477-87. 10.1097/BOR.0000000000000311

51. Koh JW, Ng CH, Tay SH: Biologics targeting type I interferons in SLE: a meta-analysis and systematic review
of randomised controlled trials. Lupus. 2020, 29:1845-53. 10.1177/0961203320959702

52. Kalunian KC, Furie R, Morand EF, et al.: A randomized, placebo-controlled Phase III extension trial of the
long-term safety and tolerability of anifrolumab in active systemic lupus erythematosus. Arthritis

 

2024 Cingireddy et al. Cureus 16(7): e63966. DOI 10.7759/cureus.63966 12 of 13

https://dx.doi.org/10.1002/art.30598
https://dx.doi.org/10.1002/art.30598
https://dx.doi.org/10.1186/s13075-019-1878-y
https://dx.doi.org/10.1186/s13075-019-1878-y
https://dx.doi.org/10.1038/nrrheum.2018.31
https://dx.doi.org/10.1038/nrrheum.2018.31
https://dx.doi.org/10.1097/BOR.0000000000000411
https://dx.doi.org/10.1097/BOR.0000000000000411
https://dx.doi.org/10.1016/j.jaut.2013.01.008
https://dx.doi.org/10.1016/j.jaut.2013.01.008
https://dx.doi.org/10.1093/rheumatology/keac678
https://dx.doi.org/10.1093/rheumatology/keac678
https://dx.doi.org/10.1007/s40265-018-0872-z
https://dx.doi.org/10.1007/s40265-018-0872-z
https://dx.doi.org/10.1007/s40265-021-01604-z
https://dx.doi.org/10.1007/s40265-021-01604-z
https://dx.doi.org/10.3389/fimmu.2022.996662
https://dx.doi.org/10.3389/fimmu.2022.996662
https://www.astrazeneca.com/media-centre/press-releases/2021/saphnelo-approved-in-the-us-for-sle.html
https://www.astrazeneca.com/media-centre/press-releases/2021/saphnelo-approved-in-the-us-for-sle.html
https://www.astrazeneca.com/media-centre/press-releases/2022/saphnelo-approved-in-eu-for-sle.html
https://www.astrazeneca.com/media-centre/press-releases/2022/saphnelo-approved-in-eu-for-sle.html
https://dx.doi.org/10.1002/art.39962
https://dx.doi.org/10.1002/art.39962
https://dx.doi.org/10.1080/14397595.2020.1812201
https://dx.doi.org/10.1080/14397595.2020.1812201
https://dx.doi.org/10.1007/s00393-020-00928-7
https://dx.doi.org/10.1007/s00393-020-00928-7
https://dx.doi.org/10.1093/rheumatology/keab176
https://dx.doi.org/10.1093/rheumatology/keab176
https://dx.doi.org/10.1093/rheumatology/keab704
https://dx.doi.org/10.1093/rheumatology/keab704
https://dx.doi.org/10.1007/s40262-023-01238-2
https://dx.doi.org/10.1007/s40262-023-01238-2
https://dx.doi.org/10.1002/jcph.2054
https://dx.doi.org/10.1002/jcph.2054
https://dx.doi.org/10.1002/art.41598
https://dx.doi.org/10.1002/art.41598
https://dx.doi.org/10.1016/S2665-9913(20)30342-8
https://dx.doi.org/10.1016/S2665-9913(20)30342-8
https://dx.doi.org/10.1111/1756-185X.13817
https://dx.doi.org/10.1111/1756-185X.13817
https://dx.doi.org/10.1016/S2665-9913(19)30076-1
https://dx.doi.org/10.1016/S2665-9913(19)30076-1
https://dx.doi.org/10.1177/0961203316652495
https://dx.doi.org/10.1177/0961203316652495
https://dx.doi.org/10.1002/acr2.11414
https://dx.doi.org/10.1002/acr2.11414
https://dx.doi.org/10.3389/fimmu.2022.980079
https://dx.doi.org/10.3389/fimmu.2022.980079
https://dx.doi.org/10.1136/lupus-2020-000464
https://dx.doi.org/10.1136/lupus-2020-000464
https://dx.doi.org/10.3389/fimmu.2022.999704
https://dx.doi.org/10.3389/fimmu.2022.999704
https://dx.doi.org/10.1097/BOR.0000000000000311
https://dx.doi.org/10.1097/BOR.0000000000000311
https://dx.doi.org/10.1177/0961203320959702
https://dx.doi.org/10.1177/0961203320959702
https://dx.doi.org/10.1002/art.42392


Rheumatol. 2023, 75:253-65. 10.1002/art.42392
53. Vital EM, Merrill JT, Morand EF, et al.: Anifrolumab efficacy and safety by type I interferon gene signature

and clinical subgroups in patients with SLE: post hoc analysis of pooled data from two phase III trials. Ann
Rheum Dis. 2022, 81:951-61. 10.1136/annrheumdis-2021-221425

54. Tanaka Y, Atsumi T, Okada M, et al.: The efficacy and safety of anifrolumab in Japanese patients with
systemic lupus erythematosus: TULIP-2 subanalysis. Mod Rheumatol. 2023, 33:134-44. 10.1093/mr/roac010

55. Anderson E, Furie R: Anifrolumab in systemic lupus erythematosus: current knowledge and future
considerations. Immunotherapy. 2020, 12:275-86. 10.2217/imt-2020-0017

56. Tanaka Y, Atsumi T, Okada M, et al.: The long-term safety and tolerability of anifrolumab for patients with
systemic lupus erythematosus in Japan: TULIP-LTE subgroup analysis. Mod Rheumatol. 2023, road092.
10.1093/mr/road092

57. Sciascia S, Foddai SG, Arbrile M, et al.: Assessing the steroid-sparing effect of biological agents in
randomized controlled trials for lupus: a scoping review. Immunol Res. 2024, 10.1007/s12026-024-09463-y

58. Gensous N, Lazaro E, Blanco P, Richez C: Anifrolumab: first biologic approved in the EU not restricted to
patients with a high degree of disease activity for the treatment of moderate to severe systemic lupus
erythematosus. Expert Rev Clin Immunol. 2024, 20:21-30. 10.1080/1744666X.2023.2268284

59. Miyazaki Y, Funada M, Nakayamada S, et al.: Safety and efficacy of anifrolumab therapy in systemic lupus
erythematosus in real-world clinical practice: LOOPS registry. Rheumatology (Oxford). 2023,
10.1093/rheumatology/kead568

60. Casey KA, Smith MA, Sinibaldi D, et al.: Modulation of cardiometabolic disease markers by type I interferon
inhibition in systemic lupus erythematosus. Arthritis Rheumatol. 2021, 73:459-71. 10.1002/art.41518

61. Paolino G, Ramirez GA, Calabrese C, et al.: Anifrolumab for moderate and severe muco-cutaneous lupus
erythematosus: a monocentric experience and review of the current literature. Biomedicines. 2023, 11:2904.
10.3390/biomedicines11112904

62. Jayne D, Rovin B, Mysler E, et al.: Anifrolumab in lupus nephritis: results from second-year extension of a
randomised phase II trial. Lupus Sci Med. 2023, 10:000910. 10.1136/lupus-2023-000910

63. Maroz N, Segal MS: Lupus nephritis and end-stage kidney disease . Am J Med Sci. 2013, 346:319-23.
10.1097/MAJ.0b013e31827f4ee3

 

2024 Cingireddy et al. Cureus 16(7): e63966. DOI 10.7759/cureus.63966 13 of 13

https://dx.doi.org/10.1002/art.42392
https://dx.doi.org/10.1136/annrheumdis-2021-221425
https://dx.doi.org/10.1136/annrheumdis-2021-221425
https://dx.doi.org/10.1093/mr/roac010
https://dx.doi.org/10.1093/mr/roac010
https://dx.doi.org/10.2217/imt-2020-0017
https://dx.doi.org/10.2217/imt-2020-0017
https://dx.doi.org/10.1093/mr/road092
https://dx.doi.org/10.1093/mr/road092
https://dx.doi.org/10.1007/s12026-024-09463-y
https://dx.doi.org/10.1007/s12026-024-09463-y
https://dx.doi.org/10.1080/1744666X.2023.2268284
https://dx.doi.org/10.1080/1744666X.2023.2268284
https://dx.doi.org/10.1093/rheumatology/kead568
https://dx.doi.org/10.1093/rheumatology/kead568
https://dx.doi.org/10.1002/art.41518
https://dx.doi.org/10.1002/art.41518
https://dx.doi.org/10.3390/biomedicines11112904
https://dx.doi.org/10.3390/biomedicines11112904
https://dx.doi.org/10.1136/lupus-2023-000910
https://dx.doi.org/10.1136/lupus-2023-000910
https://dx.doi.org/10.1097/MAJ.0b013e31827f4ee3
https://dx.doi.org/10.1097/MAJ.0b013e31827f4ee3

	Evaluation of the Efficacy and Safety of Anifrolumab in Moderate-to-Severe Systemic Lupus Erythematosus
	Abstract
	Introduction And Background
	Clinical manifestations of SLE
	Genetic and environmental influences in SLE
	Anifrolumab treatment in SLE
	Research question
	Research objective
	Research rationale

	Review
	Methodology
	TABLE 1: Summary of the specifics of the systematic search for publications about the safety and effectiveness of anifrolumab in treating SLE.
	FIGURE 1: PRISMA chart representing the systematic process employed for selecting studies to be included in the systematic review on the safety and efficacy of anifrolumab in treating SLE.

	Results
	TABLE 2: Key findings from clinical trials evaluating the safety and effectiveness of anifrolumab in moderate-to-severe SLE.
	TABLE 3: Findings from a retrospective observational study in clinical settings evaluating safety and effectiveness of anifrolumab in moderate-to-severe SLE.

	Discussion

	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


