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 Corticosteroids 

 Hydroxychloroquine 

 Azathioprine 

 Mycophenolate mofetil 

 Cyclophosphamide (IV-low dose Eurolupus) 

 Methotrexate 

 Belimumab 

 Rituximab 



 Corticosteroids 

 Hydroxychloroquine/chloroquine 

 Azathioprine 

 Mycophenolate mofetil 

 Cyclophosphamide (IV-Eurolupus) 

 Methotrexate 

 Belimumab 

 Rituximab 

 Acute flares; To maintain remission 

 Mild; in combination; maintenance 

 Maintenace; in combination; sparing 

 Nephritis (induction/maintenance) 

 Nephritis, CNS, alveolar hemorrhage 

 Skin/joint involvement, sparing 

 Skin/joint. Elevated DNA, low C3 

 Nephritis, refractory 
thrombocytopenia or hemolytic 
anemia, CNS involvement 





 Abatacept 

 Fostamatinib (R788) 

 Laquinimod/paquinimod 

 Forigerimod (Lupuzor) 

 Sirukumab 

 Sifalimumab 

 Anifrolumab 

 Eculizumab 

 Lupus arthritis 

 Lupus nephritis 

 Lupus arthritis and nephritis 

 Moderate active SLE 

 Skin disease, mild SLE 

 Moderate active SLE 

 Moderate active SLE 

 Severe lupus nephritis 





 B cells target 

 Non-B cell target 

 T cell interactions or cytokines such as 

 Type I interferons 

 Bortezomic 

 Inhibitors of Toll-like receptors 





 B cells play a central role in pathogenesis 

 Polyclonal B cell activation results in production of autoantibodies directed 
against nuclear, cytoplasmic and plasma membrane antigens 

 Almost 95% of SLE patients have ANA. 

 Many of clinical manifestations of lupus result of immune complex deposition 
in tissues and subsequent multi-organ damage 

 B cells perpetuate inflammatory response by presenting auto-antigens to T 
cells and producing pro-inflammatory cytokines 



 Chimeric anti-CD20 antibody, efficiently and reliably depletes CD20-positive 
B cells. 

 EXPLORER and LUNAR have evaluated rituximab for treatment of SLE. 

 Both failed to meet their primary endpoints of significant reduction of disease 
activity compared to placebo. 

 EXPLORER trial, group treated with rituximab had significant improvements 
in serology-reduced anti-ds-DNA antibody, increased C3 and C4 levels. 

 LUNAR trial, there was a trend to improved response rate in AA subjects 
treated with rituximab. dsDNA fell and C3 levels improved. 



 Prospective observational study of rituximab as part of corticosteroid-sparing 
regimen in lupus nephritis patients showed promising results with good renal 
outcomes in 45/50 patients treated on an open-label basis. 

 Led to multicenter randomized controlled trial (RITUXILUP) with rituximab as 
induction therapy followed by maintenance mycophenolate mofetil. However, 
trial was halted due to difficulties in recruitment. 

 RING study (Rituximab for lupus nephritis with Remission as a Goal) is 
another ongoing trial of rituximab which is an open-label, multicenter trial 
aiming to determine the efficacy of rituximab in achieving complete renal 
remission in lupus nephritis patients with persistent proteinuria. Patients 
who have been treated for a minimum of 6 months of standard 
Immunosuppression may participate. 



 Fully humanized monoclonal antibody that binds to soluble human B 
lymphocyte stimulator (BLyS). 

 First new drug for SLE approved by FDA in 50 years. 

 BLISS-52 [n= 865] and BLISS-76 [n= 819]. 

 Patients with active disease (SLEDAI ≥ 6) and majority of patients entered 
with active arthritis and/or rash. 

 Randomized to receive placebo plus IV infusions of belimumab at 1 or 10 
mg/kg at 2 and 4 weeks, and then monthly until 48 weeks. 

 Both studies excluded SLE patients with with active lupus nephritis or 
neuropsychiatric disease. 



 Both studies, met their primary endpoints  

  With significantly greater response rates in the treatment groups than the 
placebo groups. 

 Belimumab was more effective in SLE patients who were serologically active, 
that is those who were anti-dsDNA antibody positive and were 
hypocomplementemic. 

 BLISS-LN phase III study has been devised to evaluate the efficacy and safety 
of belimumab plus standard of care in active lupus nephritis. 

 



 Recombinant human fusion protein that targets the BLyS/APRIL axis. 

 There have been 3 phase II/III studies. One of these randomized 461 patients 
to placebo or two different doses of atacicept. 

 Outcome measure was the ability to prevent flares of lupus in patients whose 
disease was inactive at the start of the trial period. 

 Atacicept led to an improvement in serology (anti-dsDNA and complement) 
but response was only better than placebo in the higher dose group. 

 Trial in this higher dose group was halted due to two fatal infections. 





 Monoclonal antibody targeting CD22 receptor (a cell surface marker on 
transitional B cells and naïve mature B cells) leading to moderate B cell 
depletion via antibody-dependent cellular cytotoxicity (ADCC). 

 Phase II study (EMBLEM) was promising as a dose of 2400 mg per month in 
divided doses was safe and appeared to show improved efficacy compared to 
placebo. 

 Two, however, phase III studies failed to meet their primary endpoint and did 
not show benefit of epratuzumab over placebo plus standard therapy. 



 T lymphocytes play a key role in SLE. 

 Enhance autoantibody production by B cells and trigger SLE disease. 

 T cells can only be stimulated by interaction with specialized antigen 
presenting cells (APCs), which include B cells. 

 In an APC-T cell interaction, there are two points of contact between the cells. 

 Firstly, APC presents the antigen to the T cell in association with a MHC 
molecule; this is the antigen-dependent interaction. 

 Secondly, there is a co-stimulatory signal between pair of ligands, one on the 
APC and one on the T cell, leading to the antigen-independent interaction. 



 Many drugs, which act as inhibitors of T cell/APC co-stimulation, have failed 
in different clinical trials. 

 Examples: anti-CD40L treatment as IDEC-131 or BG9588, both humanized 
anti-CD40L antibodies. 

 First one failed in a phase II double-blind trial due to inefficacy over placebo. 

 Second one was associated with unacceptable high rate of thromboembolic 
events. 

 Abatacept: fusion protein comprised of Fc portion of human IgG1 associated 
with a cytotoxic T lymphocyte antigen (CTLA4). Selective co-stimulation 
modulator as it inhibits the co-stimulation of T cells. 

 Phase II trial of abatacept in non-renal SLE patients failed to meet its primary 
endpoint of reduction in new flares.  



 Phase III trial of abatacept in proliferastive lupus nephritis (classes III and IV) 
failed to meet its study endpoint of complete renal response. However, a very 
strict endpoint definition of complete renal response was used in this study. 

 Re-analysis of the same study data was undertaken using outcome measures 
from the LUNAR and ALMS trials and did show a positive outcome in favor of 
abatacept therapy. 

 Other T cell therapies are at a preliminary stage of development in the 
treatment of SLE. 

 Tyrosine kinases play a central role in the signalling processes in the 
pathogenesis of autoimmune disease. 



 Spleen tyrosine kinase (SyK) is a cytoplasmic protein widely expressed in 
many cells of the immune system including B and T cells. 

 Fostamatinib (R788), a SyK inhibitor has been studied in lupus-prone mice 
and it significantly prolonged survival delaying the onset of proteinuria and 
reducing kidney infiltrates. 

 R788 has been studied in patients with RA, but no trials in SLE, yet. 

 JAK inhibitor, tofacitinib, approved for RA, and baracitinib studied in RA, not 
evaluated in SLE, yet. 

 Other T cell-targeting therapies at early stages include quinoline-3-
carboxamide derivatives (laquinimod and paquinimod), U1 small 
ribonucleotide fragments (forigerimod) and sphingosine-1-phosphatase 
analogues (fingolimod and KRP-203). 



 IL-6 levels found to be raised in serum and it has both pro-inflammatory and 
anti-inflammatory effects. 

 Tocilizumab is a humanized monoclonal antibody targeted against the IL-6 
receptor. 

 Phase I trial showed good tolerance to the drug with reduction in active urinary 
sediment and autoantibody titers. 

 Tocilizumab used in 15 SLE patients with mild-moderate disease activity with a 
reduction in the activity of T and B cells. Concerns were raised about its safety, 
Dose-related decreases in the absolute neutrophil count and infection. 

 Sirukumab: phase I in patients with cutaneous or systemic lupus with mild, 
stable, active disease. It showed good tolerability, although associated with dose-
independent reduction in white cell, absolute neutrophil and platelet counts. 

 Phase II SLE patients with active lupus nephritis completed. Awaiting results. 



 Role of TNF-⍺ in SLE is controversial. 

 Lupus mice: expression of TNF-⍺ is variable, and beneficial effects on the 
disease can be observed either after administration of TNF or blockade. 

 Inflamed kidney: renal expression of TNF is usually increased. 

 Lupus mice: skin disease may be TNF-dependent, and anti-TNF treatment 
can cause worsening of nephritis. 

 Humans: some studies have reported low concentrations of serum TNF-⍺, 
while other studies have observed elevated amounts or no significant 
differences between SLE patients and healthy controls. 

 TNF blockers can induce autoantibodies and lupus-like syndromes.  

 Anti-TNF therapy associated with improvement of arthritis and nephritis, but 
also with severe infusion reactions. 



 IFN-⍺ plays a role in the pathogenesis of SLE. 

 New Zealand Black mouse model of SLE: deficiency of the type I IFN receptor 
led to significantly reduced disease activity. 

 Serum IFN-⍺ levels correlate with disease activity and severity in SLE patients 

 Gene expression microarray profiles demonstrate upregulation of interferon-
inducible genes, particularly in those with severe nephritis and CNS diseases. 

 Sifalimumab: fully human anti-IFN-⍺ monoclonal antibody was shown in a 
phase I study to induce a dose-dependent inhibition of type I interferon-
induced mRNAs in patients with moderately active SLE. 

 Phase IIB trial evaluating the efficacy and safety of sifalimumab in SLE 
achieved its primary endpoints using the SRI(4) and the more stringent SRI 
(6-8) 



 Anifrolumab, anti-interferon-⍺ receptor 1 antibody, has a more significant 
and sustained impact on the interferon gene signature than sifalimumab. 

 Phase IIb study showed that anifrolumab reduced disease activity more than 
placebo, particularly in patients with high interferon signature. 

 Therefore, anifrolumab is in development for phase II studies. 

 Vaccination against IFN-⍺ kinoid is being investigated in murine models. 

 IFN-⍺ immunogen induced transient neutralizing antibodies to the cytokine 
without side effects, and lupus manifestations were delayed or prevented. 

 Rontalizumab, recombinant humanized monoclonal antibody, evaluated in a 
phase II study (ROSE) but it did not meet the primary endpoint. 



 Choice of end points: SLE is a complex condition and the concept of response to 
therapy is more complicated than in RA. SLEDAI and BILAG 2004 index can be 
used to derive numerical score for activity or to define what constitutes a flare of 
disease. Composite index, incorporating SLEDAI and BILAG and a physician 
global score may be the best way to approach. 

 Selection of patients-Many studies exclude patients with active neuropsychiatric 
or renal disease. 

 Treatment of the „placebo‟ group- ethical reasons, not possible to treat the non-
biologic group with placebo alone. Comparator group treated with corticosteroids 
and immunosuppressants, which often leads to response rates of 40%. 

 Requirement for large number of patients-SLE rare disease. BLISS-52 and BLISS-
76 belimumab trials, only ones to meet their primary endpoint, were also the 
largest with over 800 patients each. Hard to recruit patients-RITUXILUP 



 It is a list of 24 items, 16 of which are clinical items such as seizure, 
psychosis, organic brain syndrome, visual disturbance, other neurological 
problems, hair loss, new rash, muscle weakness, arthritis, blood vessel 
inflammation, mouth sores, chest pain worse with deep breathing and 
manifestations of pleuresy and/or pericarditis and fever. 

 Eight of the items are laboratory results such as urinalysis testing, blood 
complement levels, increased DNA antibody levels, low platelets, and low 
WBC count. 

 These manifestations are scored based on whether these manifestations are 
present or absent in the previous 10 days. 

 Organ involvement is weighted; joint pain and kidney disease are each 
multiplied by four, but CNS involvement is multiplied by 8. The weighted 
organ manifestations are then summed into a final score, range from zero to 
105. 



 Scores greater than 20 are rare. A SLEDAI of 6 or more has been shown to be 
consistent with active disease requiring therapy. 

 A clinically meaningful difference has been reported to be an improvement of 
6 points or worsening of 8 points. 

 The SLEDAI was modified in the Safety of Estrogen in Lupus Erythematosus 
National Assessment (SELENA) trial; this modification is known as the 
SELENA_SLEDAI system. 

 The SELENA-SLEDAI adds some clarity to some of the definitions of activity 
in the individual items, but does not change the basic scoring system. 



 BILAG is an organ-specific 86-question assessment based on the principle of 
the doctor‟s intent to treat, which requires an assessment of 

 Improved (1), the same (2), worse (3), or new (4) over the last month. 

 Within each organ system, multiple manifestations and laboratory tests are 
combined into a single score for the organ. 

 The resulting scores for each organ can be A through E, where A is very 
active disease, B is moderate activity, C is mild stable disease, D is resolved 
activity, and E indicates the organ was never involved. 

 There are 8 general headings; General, Mouth and Skin, Neurological, Joint 
and Muscles, Cardiovascular and Pulmonary, Blood Vessel Inflammation 
(Vasculitis), Kidney, and Blood. 

 Instruments taken into account in clinical monitoring of lupus activity, 
particularly research. 

 

 



 Developed based on data from the belimumab Phase II trial. 

 Requires improvement of disease activity without worsening of overall 
condition or specific organ systems. 

 In agreement with FDA, OMERACT and EULAR guidelines on the 
development of drugs for the treatment of SLE. 

 SRI(4) requires a ≥ 4 point improvement in SLEDAI-2K. 

 No new BILAG “A” or >1 new “B” domain score. 

 No clinically significant worsening (≥ 0.3) in PGA. 

 Limitation of the SLE Responder Index is that the clinical relevance of a 
response and its application to clinical practice are difficult to determine. 



 Development of biomarkers. 

 Neuropsychiatric symptoms occur in a large proportion of patients with SLE, 
but are usually not due to active disease and do not require increase 
immunosuppression. 

 A variety of different serological and imaging tests have been suggested as aid 
to diagnosing which patients have true neuropsychiatric SLE, none has 
achieved sufficient specificity or sensitivity to be adopted into clinical 
practice.  

 No serum or urine biomarkers are sufficiently accurate in the diagnosis of 
incipient or relapsing lupus nephritis that renal biopsies can be replaced. 

 Management of pregnancy in SLE is also a developing field. 


