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Question 1

• What proportion of children have abnormal 

renal function on presentation with SLE ?

A. 10%

B. 20%

C. 30%

D. 60%

E. 90%



Epidemiology of adult SLE

• Overt kidney disease at time of diagnosis of SLE

– in 40-60%

• More common and more severe in non 

European ethnicity (% affected, incidence ESRD 

/million population attributable to LN):

– Caucasians: 12-33%; 2.5/million

– African-American/Caribbean: 40-69%; 17-20/million

– Hispanic: 36-61%; 6/million

– Asian–Indian/Chinese: 47-53%



Epidemiology of paediatric SLE

• Limited data on incidence of childhood SLE

– incidence in a paediatric population varies

– 0.28 - 2.1 per 100,000 children at risk per year

– Malleson et al (1996),Gardner-Medwin et al (2001)

• Prevalence in children and adults from various 

epidemiological studies varies

– 12.0 - 50.8 per 100,000



Background - 1

• Childhood-onset SLE

– variable clinical manifestations

– unpredictable natural history

• Epidemiological studies

– progressive clinical course of SLE

– significant morbidity and mortality rates

– 10 - 17% of proven cases present in 
childhood with more severe organ 
involvement than adults



Background - 2

• Renal disease is a major determinant of 

the long-term outcome of SLE

– influence management with 

immunosuppressive agents

• Haematological and renal disease

– more severe in patients with childhood-onset 

(compared to adult-onset) SLE



Background - 3

• Different spectrum

– cardiopulmonary involvement is rare

– CNS presentation commoner

• Multisystem involvement

– arthritis

– autoimmune hepatitis

– macrophage activation syndrome



Background - 4

• Paediatric issues

– children and parents

– growing skeleton

– education

– evolving identity

– QOL

– adolescents

– adherence to treatment



Background - 5

• Same autoimmune processes

• Same ACR classification criteria

• Same disease markers

– ESR, C3, lymphocyte count, dsDNA

• Same drugs

– steroids, aza, MMF, HCQ

– cyclophosphamide, IVIg 

– rituximab and newer agents…



Lupus nephritis



Question 2

• Which ISN/RPS class of lupus nephritis 

has subepithelial deposits ?

A. ISN/RPS Class I lupus nephritis

B. ISN/RPS Class II lupus nephritis

C. ISN/RPS Class III lupus nephritis

D. ISN/RPS Class IV lupus nephritis

E. ISN/RPS Class V lupus nephritis



Clinical presentation and 

histopathology of LN

• Presentation of renal involvement

– proteinuria

– microscopic (and rarely macroscopic) haematuria

– nephrotic syndrome

– hypertension

– evidence of renal dysfunction

• Histopathology of LN cannot be accurately 

predicted from clinical and serological markers



History of LN histopathology

• Original WHO classification (1974 - 1975)
– developed in Buffalo, New York and Geneva

• Modified WHO classification / ISKD (1982)
– further subdivided the classes

• Modified WHO classification / Churg (1995)
– minor adaptation for Class V LN

• ISN / RPS Working Group (2003)
– current histopathological classification



ISN / RPS classification of LN

• Class I: Minimal mesangial LN

• Class II: Mesangial proliferative LN

• Class III: Focal LN (IIIA, IIIA/C, IIIC)

• Class IV: Diffuse segmental (IV-S) or 
global (IV-G) LN:  A, A/C, C

• Class V: Diffuse membranous LN

• Class VI: Advanced sclerotic LN



Lupus nephritis biopsy 

ISN/RPS Classification

No endocapillary

hypercellularity

Endocapillary

hypercellularity

Mesangial

deposits only

Class I

Mesangial

hypercellularity

Class II

Subepithelial

deposits

Class V

Involving

< 50% glom

Class III*

Involving

 50% glom

Segmental 

distribution

Class IV S*

Global

distribution

Class IV G*

*Include proportion of glomeruli with active and chronic lesions, necrosis and crescents



Aims of treatment

• Aim to induce and maintain a remission

• Choose agents to minimise toxicity and 

maximise effectiveness

• Aim to reduce renal flares as associated 

with worse prognosis



London data

Cameron JS Pediatr Nephrol 1994;8:230-249



Introduction

• Conventional therapies

– steroid-sparing agents

• AZATHIOPRINE

• INTRAVENOUS CYCLOPHOSPHAMIDE

• MMF

• OTHER IMMUNOSUPPRESSION

• Different management strategies should 

be considered in problematic patients



Question 3

• Which ethnic groups respond better to 

mycophenolate mofetil than intravenous 

cyclophosphamide ?

A. Asian

B. Black 

C. Caucasian

D. Hispanic

E. No difference



MMF versus cyclophosphamide

Chan et al NEJM 2000;343:1156-62

6m of CYC 

2.5mg/kg/d

MMF 1g bd



MMF versus cyclophosphamide

MMF CYC

• Complete remission 17 16

• Treatment failure 1 2

• Relapse 3 2

• Death 0 2

• Infections 4 7

• Amenorrhoea 0 3

• Hair loss 0 4

• Leucopenia 0 2



Has patient responded without flares ?

• If remission achieved
– renal survival and patient survival 94-95%

• If remission not achieved
– renal survival 46% and 31% at 5 and 10 years

– patient survival 69% and 60% at 5 and 10 years

• Risk of ESKD highest: diffuse proliferative disease
Korbet et al Am J Kid Dis 2000;35(5):904-14

• Recent data, analysing ALMS data;
– worse outcome if 

• baseline eGFR <30mls/min, low C4, LN > 1yr

– good outcome if 
• normalisation of C3/C4 or >25% fall in proteinuria by 8 weeks



ALMS data

• Open label study 24 week induction phase

• ISN/RPS Class III to V LN

• MMF target dose 3g/day

• iv cyclophosphamide 0.5-1g/m2/month

• Prednisolone 60mg/day tapered

• Primary end-points
– decrease in urine protein : creatinine ratio

– stable or improving plasma creatinine

Appel, GB et al. J Am Soc Nephrol 2009;20:1103-1112



ALMS data

Appel, GB et al, J Am Soc Nephrol 2009;20:1103-1112



ALMS results



ALMS results

Black and Hispanic responded more often to MMF 

than other races

Isenberg D et al Rheumatology 2010;49:128



ALMS results

Worked equally well in ISN/RPS Class V LN

Radhakrishnan et al KI 2010;77:152



ALMS side-effects

MMF CYC

Death: 4.9% 2.8% 

Diarrhoea: 28% 13% 

Nausea: 15% 46% 

Vomiting: 13% 38%

Alopecia 11% 36% 



ALMS maintenance

Dooley MA et al. N Engl J Med 2011;365:1886-1895



ALMS data

• Kaplan–Meier

– curves for time

to treatment

failure and time 

to renal flare



Risk of treatment failure in 

subgroups of patients



MAINTAIN LN trial

• 105 patients with proliferative LN

– treated with steroids and 6 fortnightly iv CYC

– after that randomised to MMF (2g/day) or 

azathioprine (2mg/kg/day)

• Renal flare 

– 19% MMF

– 25% azathioprine (ns)

Houssiau FA et al Ann Rheum Dis 2010;69:2083



Meta-analysis of cyc vs MMF

Touma et al J Rheumatol 2011:38:69



What is difficult lupus ?

• Difficult disease

– severity, lack of response

• Difficult patient

– non-adherence

• Difficult confounding factors

– non-attendance



Treatment options

• ?No treatment

• Corticosteroids

• Cyclophosphamide

• Azathioprine

• Hydroxychloroquine

• Plasma exchange

• Mycophenolate mofetil

• Rituximab (?new vs refractory cases)

• Newer biological agents



Drug treatments in lupus

• Corticosteroids form the basis of all regimens ?

• MMF for induction and remission

• iv cyclophosphamide for prolonged periods
– previous gold standard

• Azathioprine is an effective drug for 
maintenance treatment of lupus nephritis
– studies on efficacy in remission induction schedules

are in progress

• Studies on 'conventional' immunosuppression 
show that RCT are needed
– need large numbers of patients with long follow-up

 Kuiper-Geertsma DG (2003), Drugs 63: 167-80.



Standard treatment

• Initial pulses of iv methylprednisolone

– 600mg/m2/day x 3 days followed by oral high 
dose prednisolone (wean rather quickly)

• Induction and maintenance MMF 

– 600 - 1200mg/m2/day 

• Consideration for monthly pulses of 
cyclophosphamide

– 500-1000mg/m2 for 6 months (?3 months)

– followed by azathioprine 1.5-2.5 mg/kg/day



Introduction

• Evidence-based practice

• What do we know about therapies in 2021 ?

• How will we treat patients in the future ?





Caucasian



Nomenclature and description for 

rating guideline recommendations

• Strength of recommendation

• Supporting evidence



Adult lupus nephritis



Adult lupus nephritis



Question 4

• What percentage of paediatric lupus 

recommendations are based on very low 

quality of evidence or lack of evidence ?

A. 10%

B. 20%

C. 30%

D. 60%

E. 90%



Paediatric lupus nephritis





Paediatric lupus nephritis



Paediatric lupus nephritis



Paediatric lupus nephritis

• Conclusions

– evidence-based practice ?

– 50% (15) Graded 2D and 13% (4) not graded

– 3% (1), 13% (4), 10% (3) and 10% (3) graded

Grade 1A, 1B, 2B and 2C respectively











Management of Class III, IV LN

Induction phase
Corticosteroids 

IV 30mg/kg (max 1g) x3, PO ≈1mg/kg/day

plus

Cyclophosphamide (0.5-0.75g/m2 IV x 6)

or

MMF 600mg/m2 bd (max 1.5g bd)

Maintenance phase

Corticosteroids (<0.5mg/kg/day)

plus

MMF or AZA (2mg/kg/day)

No response

2nd line: Rituximab

3rd line: Ciclosporin, or Tacrolimus, plus Corticosteroids

No response

Swap induction 
therapy 

Consider 
Rituximab

Abou-Raya et al. J Rheumatol 2013; 40(3): 265-72, Baca et al. Lupus 2006; 15(8):490-5

6 months

24+ months



Other management options

Severe non-responding disease
Immunoglobulin – 400mg/kg/day x 5 days then monthly

Plasma exchange – systematic review negative

Infliximab – case reports

Stem cell transplant – significant mortality/morbidity

Adjuvant therapy

Hydroxychloroquine (up to 400mg/day) 

Treat hypertension, proteinuria, hyperlipidaemia

Aspirin (if APL or ACL abs)

Anti-coagulate if APLS especially if nephrotic

Vaccines (non-live) 

Treat vitamin D deficiency

Wenderfer et al, Autoimmune Dis 2012; sept 27 [epub],  Casella, Lupus 2013;21 (12): 1335-42, Seck SM, Saudi J Kidney Dis 
Transpl 2011;22:219-24, Abou-Raya et al. J Rheumatol 2013; 40(3)



Membranous lupus nephritis

Austin, HA et al, J Am Soc Nephrol 2009;20:901-911



Class V Lupus Nephritis

Class V Lupus 

Glomerulonephritis

Features of Class III/IV

Treat as Class III/IV Lupus 

Glomerulonephritis

Proteinuria <1g/day Proteinuria >1g/day

ACEi (or ARB), 

manage 

hypertension

Corticosteroids, 

plus

Ciclosporin or MMF

No features of Class III/IV



Autoantibodies and B cells in SLE

• ANA and anti-dsDNA

– important diagnostic / prognostic markers

– related to disease severity / renal damage
• Foster MH et al (1999):Semin Nephrol 19(2):173-81

• Adults and children with active disease 
have profound B cell abnormalities

• Tangye SG et al (1998) J Exp Med 188: 1691-703

• Odendahl M et al (2003) Ann Rheum Dis 62: 851-8



Rituximab

• Monoclonal antibody

– binds to CD20 Ag

• located on pre-B and 

mature B lymphocytes

• mediates B-cell lysis

– clinical use

• prophylaxis and treatment 

of lymphoma and EBV-

driven LPD

• autoimmune diseases

– dose of 375mg/m2 as slow 

iv infusion in PTLD

• once weekly for 4 weeks



Reasons for treatment

• Multi-systemic presentation of SLE with 
life or organ-threatening disease

– without response to iv methylprednisolone 
and/or plasma exchange

– no time to wait for iv cyclophosphamide

• Active disease after previous treatment 
with iv cyclophosphamide

– severe and continuous symptoms
• eg. ACTIVE SKIN / KIDNEY, POOR GROWTH







Patient population

• Safety and efficacy of rituximab

– 21 treatment episodes

– 19 children with refractory SLE

• patients with severe multi-organ involvement

• refractory to treatment

• chronic active disease activity



Patients

• Sex: 17 F : 2 M (89% F)

• Range of ages: 6.1 - 16.7 years
Median 14.5y

• Disease duration: 0.1 - 9.4 years
Median 3.1y

• Follow-up 0.5 - 3.2 years
Median 1.7y

• Lupus nephritis 79% (n = 15: 60% CIass IV)
eGFR 14-85(median 54)mls/min/1.73m2





Disease activity and renal parameters



Immunological parameters



Haematological parameters



B cell depletion



Clinical outcome

• Patients had clinically significant 
improvement in symptoms and signs 
(as indication for therapy)

– 52% full recovery and 43% improvement

• Anecdotal responses

– “Never felt so good; I’ve had lupus for 11y”

– “I have never had so much energy”

– “My rash has gone and I feel fab”



Side-effects of rituximab

• 26% (5) patients developed herpes zoster
– one recorded GI symptoms (nausea / vomiting)

– one subsequent patient developed urticarial rash 
four days after infusion

– CYTOKINE RELEASE SYNDROME in lymphoma 
treatment as greater cell numbers

• FEVERS AND RIGORS WITHIN 2 HOURS

• ALSO PRURITIS, RASHES, DYSPNOEA, 
BRONCHOSPASM, ANGIONEUROTIC 
OEDEMA AND TRANSIENT HYPOTENSION

– in the event of an infusion-related adverse event, 
stop the infusion and recommence at half the 
previous rate once the symptoms have resolved



Conclusions

• This pilot study shows that B cell depletion 

therapy in childhood refractory SLE was 

safe and efficacious in 21 treatment 

episodes in 19 children

• There is a need for a multi-centre, 

randomised controlled trial for use of 

rituximab in treatment of childhood SLE



Dual centre paediatric cohort
Patients first episodes (n=63)

Laboratory marker
Before rituximab, median 

(IQR)
After rituximab, median (IQR) p value

Haemoglobin (g/L) 10.9 (9.6-12.2) 11.7 (10.5-12.5) <0.001*

WCC (x109/L) 5.8 (3.7-8.5) 5.1 (3.8-8.4) 0.819

Neut (x109/L) 3.9 (2.3-6.3) 3.5 (2.5-5.8) 0.433

Lymph (x109/L) 1.1 (0.8-1.5) 0.9 (0.6-1.3) 0.023*

Platelet (x109/L) 243 (161-328) 277 (209-351) 0.084

ESR (mm/hr) 60 (26-101) 37 (12-56) <0.001*

C3 (g/L) 0.88 (0.52-1.03) 0.94 (0.70-1.20) <0.001*

C4 (g/L) 0.11 (0.07-0.17) 0.17 (0.03-0.50) 0.001*

Albumin (g/L) 35 (25-41) 38 (33-43) <0.001*

Creatinine (mmol/L) 58 (48-70) 53 (48-66) 0.004*

IgG (g/L) 11.9 (6.0-17.1) 9.7 (4.7-13.1) <0.001*

IgA (g/L) 1.7 (1.1-2.5) 1.3 (0.8-2.5) 0.001*

IgM (g/L) 1.0 (0.5-1.3) 0.6 (0.3-0.8) <0.001*

UACR (mg/mmol) 37 (2-351) 40 (2-142) 0.081

Anti-dsDNA (IU/L) 95 (13-283) 30 (5-91) <0.001*

*statistically significant
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Corticosteroid side-effects



Corticosteroid side-effects



SLE teenager

Patient photo
15 years and 10 months  

SLE (since age 9.6 years)

Sickle cell anaemia (HbSS)

Pulmonary hypertension

ISN/RPS class III (A/C) LN

Intra-articular right wrist and left 

ankle corticosteroid injections

Intravenous infusions

- 5 x iv cyc 1.875 g/m2

- 10 x rituximab 750mg/m2 q6m

- alternate day pred + MTx



SLE teenager

Patient photo
17 years and 7 months  

SLE (since age 9 years)

TTP requiring ivMP and PX

Steroid induced IDDM (GAD+)

Cutaneous lupus / folliculitis

ISN/RPS class III-S(C) LN (11.5y)

Intravenous infusions

- 5 x iv cyc 4.2g/m2

- 4 x rituximab 750mg/m2 q6m

- alternate day pred + aza



RITUXILUP trial –

MP+MMF+Rituximab vs MMF+Steroids

• Rationale

– steroids are associated with long term damage and 

premature mortality in patients with lupus nephritis.  

– little evidence to support correct dose and duration

• evidence suggesting harm in long term use

– pilot data suggest that, in patients not already on steroids, 

methylprednisolone 500mg and rituximab 1g on d1 and 

d14 with ONLY oral MMF thereafter, induces high rates of 

remission with few adverse events

• Goal

– to demonstrate Rituxilup protocol is not inferior to MMF 

and steroids in efficacy AND has a better safety profile

• Significance

– avoidance of oral steroids in majority of patients with LN



RITUXILUP trial – MP+MMF+Rituximab vs 

MP+MMF+Steroids (ALMS MMF regimen) 

• Open label multi-centre RCT
– UK: 18 adult and 4 paediatric centres

– Europe: 3 networks and 5 other centres 

– USA: on board

• Designed as non-inferiority trial, asking the question 

whether combination of rituximab and no oral steroids is as 

effective as MMF and steroids in inducing renal remission

• Primary end-point of complete renal remission at 1 year

– control group: CR 40% (trials suggest 18-40%)

– inferiority margin 20%: CR of 30% in rituximab group 

would be non inferior

– 87% power, require 228 patients; 252 assuming 10% drop out

• Key secondary EP: safety signals from lack of steroids

• Minimum follow-up 2 years with option of up to 4 years



Newer biological agents

Drug name Actions Studies

Epratuzumab CD22 monoclonal antibody that inhibits B cells Daridon, 2010

Atacicept Recombinant fusion protein that binds with BAFF & APRIL receptors

Pena-Rossi, 

2008

Tocilizumab IL-6 monoclonal antibody Illei 2010

Ocrelizumab Targets CD20+ B cells Hutas, 2008

Abatacept Modulates CD80/CD86:CD28, controls regulatory & inhibitory factors Merrill 2010

Abetimus Induces B cell tolerance Cardiel 2008

Rigeromid Spliceosomal peptide P140; blocks recognition of IgG antibodies and 

CD4+ T cells Muller, 2008

BAFF B cell activating factor; APRIL a proliferation-inducing ligand



Other treatments

• Long list of different agents in the pipeline

– LJP 394 – anti-anti-DNA

– anti-C5 complement Mab

– other possibilities

• Stem cell transplantation



Stem cell transplantation

• March 2001, 34 patients were published

• 23 registered patients in Basle

– 3 died

– 1 worse

– 5 improved but relapsed

– 14 improved

• Tyndall et al (2001) Ann Rheum Dis 60:702-707

• Current opinion

- other available options so transplantation less appealing



Conclusions

• SLE is a multi-system disease
– different spectrum from adults

– various subspecialties

– unpredictable course

• Various assessments
– disease activity and damage

– QOL assessments

• Rituximab has a role in treating active disease

• Chronic disease
– collaboration with adult colleagues

– for long-term outcomes and transition of care



Take home messages

• MMF has taken the role of cyclophosphamide 

and azathioprine 

– first line induction and maintenance therapy

• Rituximab is effective but not proven in RCT

– positive case series so may be a problem with trials

• Belimumab is registered for the use in lupus

– not tested in lupus nephritis

• Many drugs in the pipeline
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