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L Mouthon. Livre de l’interne en Médecine Interne. 2007 

Rituximab 
 
Ocrelizumab 



Randomized controlled trials 
Anti-CD20 and rheumatoid arthritis 
Anti-CD20 and ANCA-associated vasculitis 
Anti-CD20 and ITP 
Anti-CD20 and cryoglobulinemia vasculitis 
Anti-BAFF and systemic lupus 
 
Other studies 
Anti-CD20 and systemic lupus 
Anti-CD20 and Sjögren’s syndrome 
Anti-CD22 and systemic lupus 

B-cell targeting therapies 



 



B lymphocyte stimulator (BLyS) 

Litinskiy et al. Nat Immunol. 2002; 3:822-9 



Induce total B-cell depletion 
Anti-CD20 
 
Decrease B-cell activation and proliferation 
Anti-BAFF (belimumab) 
Anti-CD22 (épratuzumab) 

Effects of B-cell targeting therapies 



Variables regions from murine anti-CD20 Ab: IDEC-2B8 

Constant regions: human IgG1k 

First monoclonal antibody approved  by the FDA (1997) 

Anti-CD20 - Rituximab 



ADCC: Antibody-dependant cellular cytotoxicity 

Rituximab: ADCC 
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Reff et al. Blood 1994; 83 : 435. 
Smith. Oncogene 2003; 22 : 735. 
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Rituximab: apoptosis 



Utilisation du Rituximab dans les pathologies 
autoimmunes 

Legendre P, Mouthon L Rev Med Int 2014 



Emerging cell and cytokine targets in 
rheumatoid arthritis 

Nature Reviews Rheumatology 10, 77–88 (2014) 



Essais prospectifs randomisés effectués avec le 

rituximab (Mabthera) dans la polyarthrite rhumatoïde 



Rituximab dans la PR 

• PR avec critères ACR 1987 

• Echec d’au moins un DMARD autre que le MTX 

• Sous MTX seul depuis au moins 16 sem dont 4 
à dose stable 10mg/sem 

• PR active définie par: 
– NAG et NAD  8 à l’inclusion 

– 2 des critères suivants: 
• CRP  15 mg/L 

• VS  30 mm/h 

• Raideur matinale > 45 minutes 

• Facteur rhumatoide  20 IU/mL 

Edwards, NEJM, 2004 



PR: initiation du Rituximab (II) 
Fiches CRI. Revue Rhum. Dec 2007; 74 Hors série N°5 

 La réponse thérapeutique observée est supérieure 

lorsque l’administration de rituximab est combinée 

au méthotrexate, à des posologies entre 10 et 

25mg/semaine, comparée au rituximab seul.  

Même si le rituximab n’a reçu l’AMM qu’en 

association avec le méthotrexate, il faut noter que le 

rituximab en monothérapie a démontré une 

efficacité supérieure à celle du placebo. 

 

Edwards JC, NEJM 2004 



Biologics for rheumatoid arthritis: an overview of 

Cochrane reviews (Review) 

Singh JA et al. Cochrane 2009  

Comparison of each biologic to placebo for benefit (ACR 50) 



Biologics for rheumatoid arthritis: an overview of 

Cochrane reviews (Review) 

Singh JA et al. Cochrane 2009  

Comparison of each biologic to placebo for safety 



• Higher risk of severe infection !!! 



Potential B-cell-targeted therapies 
for lupus nephritis. 

•Jul 2012 Nature Reviews Nephrol  



EXPLORER (I) 
Efficacy of rituximab in moderately to severely active SLE 

Merrill JT Arthritis Rheum 2010 

257 

patients 

88 

patients 

169 

patients 



Proportion of patients experiencing a major 

clinical response (MCR), a partial clinical 

response (PCR), and no clinical response 

(NCR) at 52 weeks 

Merrill JT Arthritis Rheum 2010 



Lunar 2012 



B-cell-depletion therapy in SLE--what are the current 

prospects for its acceptance? 
Favas C, Isenberg DA.  

Nat Rev Rheumatol. 2009 Dec;5(12):711-6. 

• The failure of rituximab, a monoclonal antibody that induces B-

cell depletion, to meet its primary and secondary end points in 

trials of nonrenal SLE (EXPLORER) and renal (LUNAR) lupus 

nephritis has been disappointing given the success reported in 

many open-label studies. Concluding that B-cell-depletion 

therapy is not effective in SLE seems rather extreme.  

• Further analysis of the as-yet unpublished results and their 

comparison with data from published studies might provide 

insight into whether B-cell depletion will eventually be accepted 

as a useful approach for the treatment of SLE. 



B lymphocyte stimulator (BLyS) 

Litinskiy et al. Nat Immunol. 2002; 3:822-9 





Benlysta (belimumab): anti-BAFF in SLE 

• Seropositive SLE patients (ie, antinuclear antibody positive 
and/or anti-DNA positive) without active nephritis or active 
central nervous system disease were enrolled in two phase II/III 
studies (BLISS-52 and BLISS-76)  and treated with placebo, 1 
mg/kg of anti-BAFF, or 10 mg/kg of anti-BAFF.  

• Primary endpoint: SRI (SLE Responder Index),  

• Both studies showed superiority of the 10 mg/kg dose to 
placebo at 12 months (56.7% of patients have shown 
improvement when treated with a 10 mg/kg dose of belimumab 
in addition to standard treatment as opposed to 43.6% 
improvement under standard treatment and placebo). 

• Benlysta (belimumab): agreement US FDA (july 2011). 

Wallace DJ et al. Arthritis Care Res (Hoboken) 2009 ; 62 : 580 – 1 . 

Petri M et al. Arthritis Rheum 2010;62:S190 (abstract). 



Belimumab efficacy is 'mild' but market 

potential still great: anticipating us approval 

of the first lupus drug since 1957.  
Weintraub B. BioDrugs. 2011 Jun 1;25(3):203-5. 

Only three drugs were FDA-approved for the 

treatment of SLE: 

Prednisone  

Aspirin  

Hydroxychloroquine  

 



Sclérose en plaques 





Rituximab for relapsing-remitting  

multiple sclerosis 

 One trial involving 104 adult RRMS patients This trial evaluated 
rituximab as monotherapy versus placebo, with a single course 
of 1000 mg intravenous rituximab (on day 1 and day 15). 

 Patients receiving rituximab had a significant reduction in total 
number of gadolinium-enhancing lesions at week 24 (mean 
number 0.5 versus 5.5; relative reduction 91%) and in 
annualised rate of relapse at week 24 (0.37 versus 0.84) but 
not at week 48 (0.37 versus 0.72). 

 There is not sufficient evidence to support the use of rituximab 
as a disease-modifying therapy for RRMS because only one 
RCT was included. 

 The potential benefits of rituximab for treating RRMS need to 
be evaluated in large-scale studies that are of high quality along 
with long-term safety 

He D et al. Cochrane 2013 





Among patients with relapsing multiple sclerosis, ocrelizumab was associated with 

lower rates of disease activity and progression than interferon beta-1a over a period 

of 96 weeks. Larger and longer studies of the safety of ocrelizumab are required. 



Ocrelizumab in multiple sclerosis 

• Roche’s OCREVUS (ocrelizumab) approved in the European Union 

for relapsing forms of multiple sclerosis and primary progressive 

multiple sclerosis 

• First and only approved disease-modifying medicine for people in 

the European Union (EU) with early primary progressive multiple 

sclerosis (PPMS) 

• An important new treatment option for people with active relapsing 

forms of MS (RMS) that significantly suppressed three major 

markers of disease activity and disability progression compared with 

Rebif (interferon beta-1a) 

• A favourable benefit-risk profile demonstrated in three large Phase 

III studies with a diverse patient population, including those early in 

the disease 

• OCREVUS is administered by intravenous infusion every six 

months, with no routine testing between dosing 

 



Natalizumab in multiple sclerosis  

Miller DH, NEJM, 2003 





Natalizumab 

Natalizumab was approved in 2004 by the FDA. It was subsequently withdrawn from 

the market by its manufacturer after it was linked with three cases of the rare 

neurological condition progressive multifocal leukoencephalopathy (PML) when 

administered in combination with interferon beta-1a.  

The drug was returned to the US market in 2006 under a special program.  

By January 2010, 31 cases of PML were attributed to natalizumab. The FDA did not 

withdraw the drug from the market because its clinical benefits outweigh the risks 

involved. In the European Union, it has been approved for human use only for the 

treatment of multiple sclerosis and only then as a monotherapy  

http://en.wikipedia.org/wiki/List_of_withdrawn_drugs
http://en.wikipedia.org/wiki/List_of_withdrawn_drugs
http://en.wikipedia.org/wiki/Progressive_multifocal_leukoencephalopathy
http://en.wikipedia.org/wiki/Interferon_beta-1a
http://en.wikipedia.org/wiki/Interferon_beta-1a
http://en.wikipedia.org/wiki/Interferon_beta-1a
http://en.wikipedia.org/wiki/European_Union


Vascularites ANCA positives 



Therapeutic strategy in ANCA-associated 

vasculitides 

 

State of the art in 2000 

Induction 

Glucocorticoids 

Cyclophosphamide (IV, oral) 

 

 Maintenance 

Cyclophosphamide  

Azathioprine 



2000 2003 2012 2014 2015 2010 

NORAM 

CYC > 

MTX 

Induction 

RTX = CYC  

Induction 

At 6 

months 

GWAS: distinct genetic 

background in anti-MPO  

vs anti-PR3 

2005 2008 

MEPEX: EP > MP 

Induction 

CYCLOPS 

CYC IV =  

CYC oral 

IVIg vs 

placebo 

1 course 

Transient 

efficacy 

2013 2009 

Revised Chapel Hill Nomenclature  

Therapeutic strategy in AAV: 2000 - 2017 



1 à 3 pulse 
methylprednisolone 

Prednisone + 

CYC oral, 3 à 6 
months 

+ placebo 
Rituximab 

Rituximab  

375 X 4  

+ prednisone 

+ placebo CYC 

Stone JH et al. N Engl J Med 
2010; 363: 221-32 

Azathioprine 

12-15 mois Placebo 

RAVE 

Prednisone + 

CYC IV, 3 à 6 

months 

Rituximab 

375 x 4 

 prednisone 

2 bolus CYC  

Jones RB et al. N Engl J Med 
2010; 363: 211-20 

Azathioprine 

RITUXVAS 

Nothing 

197 patients 44 patients 

33 patients 11 patients 



RITUXVAS: Cumulative Incidence of 
Remission and Cumulative Proportion 

of Patients with a Severe Adverse Event. 



RAVE: Time to first relapse after complete remission 

according to treatment 

Specks U et al. NEJM 2013 



2000 2003 2012 2014 2015 2010 

MAINRITSAN 

RTX > AZA Maintenance 

NORAM 

CYC > 

MTX 

Induction 

CYCAZAREM 

Azathioprine = 

CYC 

Maintenance 

RTX = CYC  

Induction 

At 6 

months 

WGET: Etanercept for the 

maintenance of remission: failure 

WEGENT 

Methotrexate 

= azathioprine 

Maintenance 

GWAS: distinct genetic 
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vs anti-PR3 
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Low dose = high 

dose 

2005 2008 

RAVE: RTX = CYC:  

Induction At 6 months 

MEPEX: EP > MP 

Induction 

CYCLOPS 

CYC IV =  

CYC oral 

IVIg vs 

placebo 

1 course 

Transient 

efficacy 

2013 2009 

Revised Chapel Hill Nomenclature  

MMF  

< AZA 
Maintenance 

Therapeutic strategy in AAV: 2000 - 2017 



MAINRITSAN trial 



46 

P = 0.002 

Guillevin, NEJM 2014; 37: 1771-80  



47 

Maintenance treatment 
 

2 wk 5 mo + 
2 wk 

6 mo 6 mo 

R R R R R 

R = 500 mg of rituximab  
Endpoint  

28 mo 

R R R R 
Monitoring 

On demand 

ACR 2017 San Diego 



MAINRITSAN 2 

Parameter Fixed dose On demand 

RTX infusions, n 5 3 

Relapses 17% 10% 

Major relapses 7.4% 3.7% 

48 
ACR 2017 San Diego 



MAINRITSAN 2 

49 
ACR 2017 San Diego 



REOVAS (EGPA) 



Therapeutic strategy in ANCA-associated 

vasculitides 

State of the art in 2017 

 Induction 

Glucocorticoids 

Cyclophosphamide (IV, oral)/Rituximab 

Plasma exchanges 

  Maintenance 

Cyclophosphamide  

Azathioprine 

Methotrexate 

Rituximab 

 Avoid adverse events / prophylaxis of infections/ Vaccination 



Efficacy 



Fcγ receptor type IIIA polymorphism influences 

treatment outcomes in patients with rheumatoid 

arthritis treated with rituximab 

Objective To assess the association between a single 

nucleotide polymorphism in the gene of FCGR3A and 

the response to treatment with rituximab (RTX) in 

rheumatoid 

arthritis (RA). 

Methods SMART. Among the 224 patients 

included, 111 could be genotyped and were included in 

an ancillary study of SMART.  

Results Among the 111 patients, 90 (81%) were 

responders of whom 30 (27%) were good responders. V 

allele carriage was significantly associated with a higher 

response rate (91% of responders vs 70%, OR 4.6 

(95% CI 1.5 to 13.6), p=0.006).  

In multivariate analysis, V allele carriage 

was independently associated with response to RTX 

(OR 3.8 (95% CI 1.2 to 11.7), p=0.023). 

Ruyssen-Witrand A et al. Ann Rheum Dis 2012 

Conclusion The 158V/F polymorphism of FCGR3A seems to influence the 

response to RTX in patients with RA after failure, intolerance or 

contraindication to TNF blockers. 



Quelle tolérance?  



Prémédication 

1. Méthylprednisolone 100 mg 

2. Polaramine 1 Amp. IVD. 

3. Perfalgan 1 gr. en perfusion 

de 10 mn 

 

SNFMI 10 Décembre 2014 Journée des soignants  

 



Rave: adverse events at 18 months 

Specks U et al. NEJM 2013 



Marco et al. BMC Musculoskeletal Disorders 2014, 15:178 

Characteristics and treatments of patients receiving rituximab 

The effect of rituximab therapy on immunoglobulin 

levels in patients with multisystem autoimmune disease 



Frequency and severity of low immunoglobulin levels 

Marco et al. BMC Musculoskeletal Disorders 2014, 15:178 

Conclusion 

• Prior CYC exposure and GC 

but not cumulative RTX dose 

was associated with increased 

incidence of 

hypogammaglobulinaemia. 

• Severe infections were 

common but were not 

associated with Ig levels. 

Repeat dose RTX appears 

safe with judicious monitoring. 

The effect of rituximab therapy on immunoglobulin levels in 

patients with multisystem autoimmune disease 



Rituximab: hepatitis B flare 

Hépatite B chronique active 

Risque de réactivation évolutive sous 

rituximab (+ polychimiothérapie) 

Une dizaine de cas d’évolution fatale 

décrits dans la littérature 

Traitement préventif par lamivudine 

recommandé 

Hernandez JA et al, Hematologica 2003; Westhoff Th, Blood 2003 

Tsutsumi Y, Leukemia lymphoma 2004; Law JK, Leukemia lymphoma 2005 

Niscola P, Leukemia 2005; Sarrechia C, J Infect Chemother. 2005 

Arlet JB, Neuromuscular disorders 2006 (en révision)  



P jiroveci et rituximab 

• Etude retrospective des infections à P jiroveci associées à un 
traitement par rituximab entre 1998 et 2011. 

• 30 patients.  

• Pathologie de fond: hémopathies malignes dans 90% des cas. 
Corticothérapie 73% des patients, en association à différentes 
chimiothérapies.  

• 3 patients (10%): sans traitement chimiothérapique associé ou 
exposition aux corticoides 

• 88% défaillance respiratoire, 53% hospitalisés en soins intensifs 

• Décès: 30%. 

• Prophylaxie de la PcP justifiée chez les patients à risqué 

CHEST 2013; 144(1):258–265 



Conclusions 

Large number of biologics 

available, new generations coming 

up 

Rituximab: revolution in the 

treatment of rheumatoid arthritis and 

ANCA associated vasculitis 

Cost-benefit studies are necessary 

Improve efficacy: increase 

immunosuppression ?? Combine ?  

From the use of biologics we learn 

from the pathophysiology of 

autoimmune diseases 

New treatments: new risks 

(infections) 
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Traitement par rituximab (Mabthera) au cours du 

purpura thrombopénique immunologique 



Apilot randomized trial of adjuvant rituximab or placebo for 

nonsplenectomized patients with immune thrombocytopenia 

Arnold DM Blood 2012  

• Pilot randomized trial to determine the feasibility of recruitment, protocol 

adherence, and blinding of a larger trial of rituximab versus placebo; and 

to evaluate the potential efficacy of adjuvant rituximab in ITP.  

• Nonsplenectomized adults with newly diagnosed or relapsed ITP who were 

receiving standard ITP therapy for a platelet count below 30  109/L were 

randomly allocated to receive 4 weekly infusions of 375 mg/m2 rituximab 

or saline placebo. Sixty patients were recruited. 

•  After 6 months: no difference between rituximab and placebo groups for 

the composite outcome of any platelet count below 50  109/L, significant 

bleeding or rescue treatment once standard treatment was stopped (21/32 

[65.6%] vs 21/26 [80.8%]; relative risk  0.81, 95% confidence intervals, 

0.59%-1.11%).  

• Timely accrual poses a challenge to the conduct of a large randomized trial 

of rituximab for presplenectomy ITP. No difference in the frequency 

• of the composite outcome was observed in this pilot trial (Blood. 

2012;119(6):1356-1362) 



Rituximab and dexamethasone vs dexamethasone 

monotherapy in newly diagnosed patients with primary 

immune thrombocytopenia 

Gudbrandsdottir Blood. 2013;121(11):1976-1981 



Safety and efficacy of rituximab in adult immune 

thrombocytopenia: results from a prospective registry 

including 248 patients 

• Multicenter registry of 248 adult patients with ITP treated with rituximab.  

• In total, 173 patients received 4 infusions of 375 mg/m2 and 72 received 2 fixed 1-g 

infusions 2 weeks apart. The choice of the rituximab regimen was based on the 

physician’s preference.  

• Overall, 38 patients showed minor intolerance. Seven showed infection (n 5 11 

cases).  

• Three patients died of infection 12 to 14 months after rituximab infusions, but the 

role of rituximab was questionable. 

•  152 patients (61%) showed an overall initial response (platelet count ‡30 3 109/L 

and ‡2 baseline value). At a median follow-up of 24 months, 96 patients (39%) 

showed a lasting response.  

• On multivariate analysis, the probability of sustained response at 1 year was 

significantly associated with ITP duration <1 year (P5.02) and previous transient 

complete response to corticosteroids (P 5.05).  

• With its benefit/risk ratio, rituximab used off-label may remain a valid option for 

treating persistent or chronic ITP in adults.  

Khellaf M et al. Blood. 2014;124(22):3228-3236 



Anémie hémolytique 

autoimmune 



A phase III randomized trial comparing glucocorticoid 

monotherapy versus glucocorticoid and rituximab in patients 

with autoimmune haemolytic anaemia 

Birgens et al. BJH 2013 

Using rituximab and prednisolone combined rather than prednisolone alone as first-line 

treatment in WAIHA increases both the rate and the duration of the response 


