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Objective 

•To update on the new therapeutic targets in lupus nephritis 

•To understand the problems behind clinical trials in lupus 

nephritis 



 



 



 



Rahman A and Isenberg D. N Engl J Med 2008;358:929-939 

Targeted Therapeutic Approaches in Systemic Lupus Erythematosus 

 



Figure 1 Rituximab-opsonized B cells are subject to attack and 

killing by at least three pathways 

Taylor RP and Lindorfer MA (2007) Drug Insight: the mechanism of action of rituximab in autoimmune 
disease—the immune complex decoy hypothesis 

Nat Clin Pract Rheumatol 3: 86–95 doi:10.1038/ncprheum0427 
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Vs 
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BLyS Activates B Cells 

 



B-Cell Subsets and BLyS Receptors 

 



•B-lymphocyte stimulator (BLyS)1 

– Expressed by monocytes, activated 

neutrophils, T cells and dendritic cells 

– Has been shown to bind to three receptors 

on the surface of B cells (BR3, TACI and 

BCMA) 

– Has been shown to promote B-cell survival 

and isotype switching (IgM/IgD to IgG) 

 

1. Cancro MP, et al. J Clin Invest 2009; 119:1066–1073; 2. Mackay F, et al. J Exp Med 

1999; 190:1697–1710;                                                          3. Khare SD, et al. Proc Natl 

Acad Sci USA 2000; 97:3370–3375; 4. Ramanujam M, et al. Arthritis Rheum 2010; 

62:1457–1468. 

Summary of preclinical studies 



Elevated BLyS levels in SLE patients correlated with 

high anti-dsDNA titres and changes in SELENA-SLEDAI 

score 

 

 

 

 

 

 

 

 

1. Zhang J, et al. J Immunol 2001; 166:6–10;  

2. Petri M, et al. Arthritis Rheum 2008; 

58:2453–2459. 

BLyS levels found to be 
elevated in patients with 
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* Multivariate analysis of the association  of BLyS level with a change in SELENA-SLEDAI (SS) 
score from previous visit. SELENA-SLEDAI was administered and plasma BLyS autoantibodies 
were measured at baseline, 3, 6, 9, 12, 18 and 24 months and at any unscheduled visits. 

Two independent sets of SLE sera (SLE1) and plasmas (SLE2) were collected and assayed. 



Elevated BLyS levels in SLE patients correlated with 

high anti-dsDNA titres and changes in SELENA-SLEDAI 

score 
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Elevated BLyS levels 
correlated with elevated 
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* Multivariate analysis of the association  of BLyS level with a change in SELENA-SLEDAI (SS) 
score from previous visit. SELENA-SLEDAI was administered and plasma BLyS autoantibodies 
were measured at baseline, 3, 6, 9, 12, 18 and 24 months and at any unscheduled visits. 

1. Zhang J, et al. J Immunol 2001; 166:6–10;  
2. Petri M, et al. Arthritis Rheum 2008; 58:2453–2459. 

Two independent sets of SLE sera (SLE1) and plasmas (SLE2) were collected and assayed. 



Increased BLyS levels 
associated with 

worsening of SLE2* 
 
 
 
 
 
 
 
 
 
 
 
 

Elevated BLyS levels in SLE patients correlated with 

high anti-dsDNA titres and changes in SELENA-SLEDAI 

score 

 

 

 

 

 

 

 

 

1. Zhang J, et al. J Immunol 2001; 166:6–10;  

2. Petri M, et al. Arthritis Rheum 2008; 

58:2453–2459. 
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BLyS levels found to be 
elevated in patients with 

SLE1 
 

* Multivariate analysis of the association  of BLyS level with a change in SELENA-SLEDAI (SS) 
score from previous visit. SELENA-SLEDAI was administered and plasma BLyS autoantibodies 
were measured at baseline, 3, 6, 9, 12, 18 and 24 months and at any unscheduled visits. 
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Two independent sets of SLE sera (SLE1) and plasmas (SLE2) were collected and assayed. 



BLyS Antagonists Facilitate 

Apoptosis of Autoreactive B 

Cells  
  

BLyS Inhibition Helps Promote Apoptosis in Autoreactive B Cells   

Fully human monoclonal antibody 

Selectively targets and inhibits the biological activity of soluble BLyS 

Inhibition of BLyS may result in autoreactive B-cell apoptosis  

Do RKG et al. J Exp Med. 2000;192:953-964; Ammana et al. J Immunol.  2003;170:4593-4600.         
   Baker KP et al. Arthritis Rheum. 2003;48:3253-65.  

Autoimmune Disease 

B-cell survival 

Belimumab Binds Soluble BLyS 

B-cell apoptosis 

BLyS TACI, BCMA or BAFF-R Belimumab 



Belimumab 

 

Frieri M, et al. J Pharmacol Pharmacother 2015;6:71-6. 



Figure 1 Renal improvement at week 52 in patients with renal involvement at 

baseline.  

MA Dooley et al. Lupus 2012;22:63-72 

Safety of Estrogens in Lupus 

Erythematosus National 

Assessment–Systemic Lupus 

Erythematosus Disease 

Activity Index renal organ 

system and item improvement 

in  

(A)pooled population and  

(B) subgroup with low 

complement levels and anti-

double-stranded DNA positivity 

at baseline. 

(C) British Isles Lupus 

Assessment Group renal 

organ system improvement in 

patients with renal A or B score 

and active renal disease at 

baseline. 



Figure 2 Renal remission and flare, and changes in proteinuria over 52 

weeks in the pooled population.  

MA Dooley et al. Lupus 2012;22:63-72 

(A)Renal remission 

rates and median times 

to first renal remission 

in patients with baseline 

proteinuria 1 g/24 h.  

 

 

(B) Renal flare rates in 

the full pooled 

population.  

 

 

 

 

 

 

 

 

C) Median percent 

reductions in proteinuria 

in patients with baseline 

proteinuria >0.2 g/24 h 

(n¼ 643). *p<0.05; 

þp<0.01; #p<0.001. 



Krumbholz, M. et al. (2012) B cells and antibodies in multiple sclerosis pathogenesis and therapy 

Nat. Rev. Neurol. doi:10.1038/nrneurol.2012.203 

Atacicept blocking Blys and APRIL 

•A proliferation 

inducing ligand 

(APRIL) 

 



Atacicept 

 

• Infection 

risk not 

seen in RA 

• MMF, Ig, 

Nephrosis 

responsible 

for the high 

infection 

risk 

 



Simon Fillatreau, et al. Nature Reviews Immunology 8, 391-397 (May 2008) 

 

TheCD40-CD40L interaction results in B- cell differentiation, germinal 

center formation, and anti- body isotype switching 



BG9588  (anti-human CD40L antibody) 

 

Boumpas DT et al. ARTHRITIS & RHEUMATISM. Vol. 48, No. 3, March 2003, pp 719–727 



BG9588 (anti-human CD40L antibody) 

 

Boumpas DT et al. ARTHRITIS & RHEUMATISM. Vol. 48, No. 3, March 2003, pp 719–727 



Rahman A and Isenberg D. N Engl J Med 2008;358:929-939 

Interaction between a T Cell and an Antigen-Presenting Cell (APC) 

 



 





Abatacept in Lupus Nephritis Trials 

Wolfy D. ARTHRITIS & RHEUMATISM. Vol. 64, No. 11, November 2012, pp 3660–3665 

 



Efficacy and Safety of Abatacept in Lupus Nephritis: A 

Twelve‐Month, Randomized, Double‐Blind Study 

 

Arthritis & Rheumatology 

Volume 66, Issue 2, pages 379-389, 27 JAN 2014 DOI: 10.1002/art.38260 

http://onlinelibrary.wiley.com/doi/10.1002/art.38260/full#art38260-fig-0001 

A. Time to 

achievement of 

confirmed 

complete 

response, by 

treatment group.  

B. Time to 

achievement of 

renal 

improvement, 

by treatment 

group.  

http://onlinelibrary.wiley.com/doi/10.1002/art.v66.2/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/art.38260/full#art38260-fig-0001
http://onlinelibrary.wiley.com/doi/10.1002/art.38260/full#art38260-fig-0001
http://onlinelibrary.wiley.com/doi/10.1002/art.38260/full#art38260-fig-0001
http://onlinelibrary.wiley.com/doi/10.1002/art.38260/full#art38260-fig-0001
http://onlinelibrary.wiley.com/doi/10.1002/art.38260/full#art38260-fig-0001
http://onlinelibrary.wiley.com/doi/10.1002/art.38260/full#art38260-fig-0001


Change in mean urinary protein-to-creatinine 

ratio  

 

Arthritis & Rheumatology 

Volume 66, Issue 2, pages 379-389, 27 JAN 2014 DOI: 10.1002/art.38260 

http://onlinelibrary.wiley.com/doi/10.1002/art.38260/full#art38260-fig-0002 

A. nephrotic-range 

proteinuria at 

baseline 

 

 

 

 

 

 

 

B. No nephrotic-range 

proteinuria at 

baseline 

http://onlinelibrary.wiley.com/doi/10.1002/art.v66.2/issuetoc
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Changes in biomarker levels  

 

Arthritis & Rheumatology 

Volume 66, Issue 2, pages 379-389, 27 JAN 2014 DOI: 10.1002/art.38260 

http://onlinelibrary.wiley.com/doi/10.1002/art.38260/full#art38260-fig-0003 

A, anti–double-

stranded DNA antibody  

 

 

 

 

B, Percentage of 

patients with low 

complement C3 levels 

at baseline whose C3 

levels normalized.  

 

 

C, Percentage of 

patients with low 

complement C4 levels 

at baseline whose C4 

levels normalized.  

http://onlinelibrary.wiley.com/doi/10.1002/art.v66.2/issuetoc
http://onlinelibrary.wiley.com/doi/10.1002/art.38260/full#art38260-fig-0003
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http://onlinelibrary.wiley.com/doi/10.1002/art.38260/full#art38260-fig-0003
http://onlinelibrary.wiley.com/doi/10.1002/art.38260/full#art38260-fig-0003


Fc region of 

human IgG1 Extracellular domain of 

human p75 TNF receptor 

Etanercept (Enbrel) 

 

Contains unique, human 

CDR regions, allowing 

specific binding to TNF 

Adalimumab 

Golimumab, certolizumab  

Mouse 

(binding site for TNF) 

Human (IgG1) 

 

 

Infliximab  

Human (IgG1) 

S S 
1 

1 

1 

Anti-TNF 

 



Long-term follow-up of seven patients with lupus nephritis treated with 

infliximab.  

Martin Aringer et al. Rheumatology 2009;48:1451-1454 

The levels of 

proteinuria (black 

triangles, left y-axis), 

serum creatinine 

(white triangles, left 

y-axis) and anti-

dsDNA antibodies 

(RIA, right y-axis) are 

shown.  

 



Figure 1 Antibodies directed against IL-6 signalling 

Ruderman, E. M. (2015) IL-6 inhibition in RA—déjà vu all over again? 

Nat. Rev. Rheumatol. doi:10.1038/nrrheum.2015.58 

 



R. van Vollenhoven et al. Ann Rheum Dis 2014;73:78 

© 2014 by BMJ Publishing Group Ltd and European League Against Rheumatism 

Sirukumab  

 



AE 

•5 withdrawal because of an AE: anaphylactic reaction, 

increased liver enzymes, neutropenia, pneumonia, and LN 

worsening.  

•No deaths occurred.  

•Approximately half (47.5%, 10/21) of sirukumab-treated 

pts had ≥1 serious AE, the majority of which were 

infections. 





Lessons learned 

Definitions of Complete Response 

Wolfy D. ARTHRITIS & RHEUMATISM. Vol. 64, No. 11, November 2012, pp 3660–3665 



Alternative Definitions of Complete Response 

Support Conflicting Conclusions 

 

Wolfy D. ARTHRITIS & RHEUMATISM. Vol. 64, No. 11, November 2012, pp 3660–3665 



Lessons learned 

•Background Medicines 

•Geography – SAE 

•Racial Differences - Efficacy  

•Duration of the Trial  



Ocrelizumab 

 



Lessons learned 

•Background Medicines 

•Geography – SAE 

•Racial Differences - Efficacy  

•Duration of the Trial  



Take home messages 

•An expanded understanding of immunopathogenesis of SLE 
has resulted in the ability to supply the lupus community with the 
reagents needed to perform clinical trials. 

•Belimumab has been approved for patients with SLE through 
the traditional route of randomized controlled trials.  

•The basis for our failures relates to trial design issues, 
confounding by background medicines, and the multiplicity of 
active biologic pathways in this disease.  

•Despite the obstacles, there currently is unprecedented clinical 
trial activity in lupus nephritis, which most likely will lead to new 
drug approval 
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