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• Disclosures: I am a paediatric rheumatologist!

I love working with neurologists (I always learn a lot!)



Overview 

• Cyclophosphamide/corticosteroids

• Developments in field of novel therapeutics for autoimmunity

• Rheum/general immunomodulation/clinical trial perspective 



Cyclophosphamide

• Concerns about toxicity

• Alternative therapies e.g MMF

Results:
• 140 patients with AAV-

non inferiority 
• 8 children
• 67% remission rate in 

MMF group
• 62% in cyclophosphamide 

group
• MMF safe well tolerated 



Mycophenolate Mofetil (MMF) Versus Cyclophosphamide (CYC) in 
Childhood Polyarteritis Nodosa: MYPAN trial  

Compare the effectiveness of a less toxic treatment 
(MMF) to standard (more toxic) treatment 

(cyclophosphamide, CYC)

Rare diseases: 
• Sample sizes are often unachievable 
• Still need randomised data 
• Bayesian randomised controlled trial

Results: Combining the prior expert opinion with 
results posterior estimates of remission:
• 71% for MMF (90% credibility interval [90% CrI] 

51, 83) 
• 75% for CYC (90% CrI 57, 86). 



Corticosteroids-assessing toxicity

http://kdcaap.mrcctu.ucl.ac.uk

• Body mass index

• Growth velocity

• Glucose metabolism

• Blood pressure

• Hyperlipidemia

• Bone mineral density

• Steroid myopathy

• Skin glucocorticoid toxicity

• Neuropsychiatric toxicity

• Infections

• Composite pGTI

• Specific items pGTI



B cell depleting agents 



B cell biology 

Lee at al, Nature Reviews 2020



Roles of B cell lineage cells in autoimmune disorders

Lee at al, Nature Reviews 2020



mAbs targeting CD19 or CD20 

Not only antibody mediated 
Multiple other pathways targeted



Drug name 
Target based 
technology 

Therapeutic indication

Ublituximab
Next-generation fully 
humanized anti-CD20 
mAb

Relapsing multiple 
sclerosis 

Obinutuzumab 
Fully humanized anti-
CD20 mAb

Systemic lupus 
erythematosus 

Inebilizumab 
(MEDI-551) 

Humanized anti-CD19 
mAb 

NMOSD 

NMDAR encephalitis 

Relapsing multiple 
sclerosis 

Obexelimab 
(XMAB5871) 

Fully humanized anti-
CD19 antibody 

Systemic lupus 
erythematosus 

Belimumab and 
rituximab combination 
therapy 

Chimeric anti-CD20 
and fully humanized 
anti-BAFF mAbs

Systemic lupus 
erythematosus 

Lupus nephritis 

Idiopathic 
thrombocytopenic 
purpura 

Drug name Target based technology Therapeutic indication

mAbs targeting CD19 or CD20 

Rituximab Chimeric anti-CD20 mAb

Relapsing multiple 
sclerosis 

NMDAR encephalitis 

Systemic lupus 
erythematosus

Juvenile dermatomyositis

ANCA associated vasculitis 

Rheumatoid arthritis

Ocrelizumab Humanized anti-CD20 mAb 

Relapsing and progressive 
multiple sclerosis 

Systemic lupus 
erythematosus 

Ofatumumab 
Fully humanized anti-CD20 
mAb 

Relapsing multiple 
sclerosis 

Pemphigus vulgaris 

Rheumatoid arthritis 

mAbs targeting CD19 or CD20 



Rituximab in SLE •Merrill et 
al.(EXPLORER)Phase 
II/III RCT
•Moderate-to-severe
• Primary endpoints:
• a) Major
• b) partial clinical 
response at 52 weeks

•Primary endpoints not 
met
•Pre-specified subgroup 
analysis found better 
response in blacks and 
Hispanic group treated 
with rituximab vs 
placebo
•Strict definitions for 
major and partial clinical 
response
•Amount of background 
therapy mitigated 
differences between 
treatment arms



B-cell-activating factor of the TNF family (BAFF)



Belimumab in SLE 

• Randomised 1:1:1 ratio to 
belimumab 1 mg/kg or 10 mg/kg, or 
placebo

• 867 patients 

• Significantly higher response rates  
with belimumab 1 mg/kg( p=0·0129) 
and 10 mg/kg (p=0·0006) than with 
placebo

• No safety concerns 



B-cell-activating factor of the TNF family (BAFF) inhibitors
Drug name Target based technology Therapeutic indication

Belimumab Anti-BAFF mAb

Systemic lupus 
erythematosus 

Vasculitis 

Sjögren syndrome 

Ianalumab Anti-BAFF mAb

Systemic lupus 
erythematosus 

Sjögren syndrome 

Rheumatoid arthritis 

Telitacicept (RC18) TACI–Ig fusion protein 

NMOSD 

Rheumatoid arthritis 

Myasthenia gravis 

Multiple sclerosis 

AMG 570 
Bispecific anti-BAFF 
peptibody, anti-ICOSL mAb

Systemic lupus 
erythematosus 

Rheumatoid arthritis 

Tabalumab
Fully humanized monoclonal antibody against 
soluble and membrane-bound BAFF

Systemic Lupus 
Erythematosus

Atacicept Blocks both Blys and APRIL
Systemic lupus 
erythematosus

Blisibimod Selective BAFF inhibitor
Systemic lupus 
erythematosus



Bruton’s tyrosine kinase (BTK) as a target for autoimmune diseases 

Haselmayer et al, J Immunology 
2019



Bruton’s tyrosine kinase (BTK) inhibitors

Drug name Target based technology Therapeutic indication

Tolebrutinib
(SAR442168) 

Small molecule 

Rheumatoid Arthritis

Systemic lupus erythematosus

Relapsing multiple sclerosis 

Secondary progressive multiple 
sclerosis 

Primary progressive multiple 
sclerosis 

Systemic lupus erythematosus

Evobrutinib Small molecule Relapsing multiple sclerosis 



Other therapies targeting B cells? 



Anti CD19 CAR cell therapies for systemic lupus 
erythematosus

• In SLE  still several refractory cases 
• Deep depletion of CD19+ B cells and plasmablasts in tissues =immune reset 
• T cells activated to kill B cells by expressing vector construct encoding CAR 

for specific antigen on target cells
• Highly effective and robust depletion of target cells in cancer therapy 

(chronic lymphocytic leukemia, acute lymphoblastic leukemia and B cell 
non-Hodgkin lymphoma)

• Two preclinical studies in lupus-prone mice supported efficacy of CD19 CAR 
T cells. 

• Tolerability and efficacy of CD19 CAR T cells in a small series of seriously ill 
and treatment-resistant patients with SLE

Mackensen et al, Nature 2022



Anti CD19 CAR cell therapies for systemic lupus erythematosus



IFN blockade



Janus kinase inhibitors: mechanism of action



Janus kinase inhibitors



JAK inhibition in systemic lupus erythematosus

• 314 patients randomized to: 
placebo, baricitinib 4 mg, 
baricitinib 2mg

• 67% on bari 4mg achieved 
remission at week 24 (OR 1.8 
96% CI 1-33) for comparison 
with placebo



Janus Kinase Inhibition in the Aicardi–Goutières Syndrome

Vanderver et al, NEJM 2020

NHS England policy: therapeutic 
access for monogenic 
interferonopathies 

https://www.england.nhs.uk/public
ation/baricitinib-for-use-in-
monogenic-interferonopathies-
adults-and-children-2-years-and-
over/



Anifrolumab





IFN-γ blockade

Vallurupalli et al, Blood 2019
Locatelli et al, NEJM 2020

FDA approved for primary HLH
Ongoing trial for secondary HLH



Proteasome inhibitors

Russo et al, Adv Therapy 2017 



Summary of pharmaceuticals targets for lupus 

Parodis et al, Frontiers 
Immunology 2020

JAK inhibitors



Summary 

• Several emerging novel therapies

• General thinking paradigm for improving therapies ( rheum experience):
• Reduce toxicity
• Understand pathomechanisms

• Targeted therapies 
• Common mechanisms

• Robust outcome measures
• Clinical tools
• Biomarkers 

• Other cytokine/chemokine targeted therapies

• Treat to target 



Ongoing challenges

• Therapies for rare diseases 
• Small sample size
• Robust outcome measures
• Novel trial design

• Several novel targeted therapies for autoimmune diseases
• Establish efficacy and safety for specific indications
• Long term efficacy data
• Unexpected toxicity

• Access in routine clinical care 
• Costs
• Age restrictions

• Collaboration (team work!)


