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(How) can we reduce steroid exposure
in lupus nephritis?

Andreas Kistler
Kantonsspital Frauenfeld



Case vignette: 29 y/o female patient
• Diagnosis of SLE 6 years back
• LN class V 3 years back (UPCR 0.5 – 1.0)
• Under HCQ, AZA and intermittent low / intermediate dose 

steroids for extrarenal manifestations (joints, skin, pleurisy)
• Successful pregnancy 1.5 years back
• Now rising proteinuria for 6 months (up to 3g/d), active

sediment, slightly deteriorating renal function
• Biopsy: class IV and V LN with high activity and moderate 

chronicity
• You decide to switch to MMF 2 x 1.5g
• In addition...



Case vignette

Do you give IV methylprednisolone pulses?
a) No
b) Yes, 3 x 1000 mg
c) Yes, 3 x 500 mg
d) Yes, 3 x 250 mg
e) Yes, 1-2 x 1000 mg
f) Yes, 1-2 x 500 mg
g) Yes, 1-2 x 250 mg



Case vignette (patient weight 73 kg)

Which oral prednisone taper do you prescribe?
a) 70mg, taper to 5-10 mg by 6 months, following a scheme
b) 70mg, taper based on response (which parameters?)
c) 50mg, taper to 5 mg by 4-6 months, following a scheme
d) 50mg, taper based on response
e) 25mg, taper to 5 mg by 3 months, following a scheme
f) 25mg, taper based on response
g) no oral prednisone



Case vignette
Provided that the patient responds to treatment (proteinuria
reduction, improvement of the sediment, GFR stabilisation, no
extrarenal activity), how long do you keep low dose PDN?
a) Stop asap (before month 6)
b) Stop between month 6 and 12
c) Keep at 7.5 mg for ≥ 12 months in total
d) Keep at 5 mg for ≥ 12 months in total
e) Keep at  2.5 mg for ≥ 12 months in total
f) Stop if no serological activity (complement levels, dsDNA-Ab)



Case vignette
Same patient, but 10 years older with DM2 and osteoporosis. 
(How) do you try to minimise glucocorticoid exposure?
a) No IV pulses, use a low dose scheme (e.g. start at 25-30mg, 

rapid taper)
b) Use IV pulses to reduce the subsequent oral steroid dose
c) Use IV pulses and Rituximab 2x1g, avoid oral steroids
d) Use a calcineurin inhibitor (in addition to MMF) to minimize

the steroid dose
e) Use belimumab (in addition to MMF) to minimize the steroid

dose



How many patients with newly diagnosed / severely
flaring lupus nephritis have you treated (induction
therapy) in 2021 (personally)?

a) None
b) 1
c) 2
d) 3-5
e) 6-10
f) >10



Overview

(How) can we reduce steroid exposure in lupus nephritis?

An introduction to the pharmacological effects of glucocorticoids

Why should we reduce steroid exposure? – adverse effects
of glucocorticoids

Steroid use in lupus nephritis

Strategies for steroid-sparing:
- Reduce
- Replace



Glucocorticoids: therapeutic and adverse effects

Hoes, Nat Rev Rheum 2010



Glucocorticoids: mechanisms of action

Mejía-Vilet and Ayoub, Fron6ers in Medicine 2021 



Steroids in the treatment of Lupus nephritis

Induction Maintenance

i.v. pulse methylprednisolone

Oral prednisone / prednisolone taper

Low dose oral prednisone / prednisolone
for maintenance of remission

...a modular system



Steroid schemes and doses in various LN trials

Mejía-Vilet and Ayoub, Fron6ers in Medicine 2021 



The heterogeneity of Lupus nephritis trial designs
Study IS regimen IV MPDN 

pulses
Oral GC
(total dose in 6 m)

Study 
duration

Primary end point

ALMS 
induction

CYC NIH
vs
MMF 2 x 1.5 g

none 60mg/d
Taper to 10mg/d at 24 weeks
total ca. 4.3 g

6 m UPCR < 3 or –50%
SCr ± 25%

EUROLUPUS CYC 0.5 g / 2w x 
6, then AZA vs.
CYC 0.5g /m2 x 8, 
then AZA

3 x 0.75 g 0.5 (–1) mg/kg/d x 4 w
Then taper by 2.5mg/d every 2 w, 
maintain 5 – 7.5 mg/d
total ca. 3.2 g

41 m 
(median)

Treatment failure

LUNAR MMF 2 x 1.5 g
± RTX 4 x 1 g

2 x 1 g 0.75 mg/kg/d
Taper to ≤ 10mg/d by week 16

12 m UPCR -50% and < 1 (if BL ≥ 1) 
or ≤ 3 (if BL >3)
SCr ≤ 115% BL
RBC ≤ 50% BL

BLISS-LN CYC EUROLUPUS
or
MMF 2 x 1.5 g

Optional
1-3 x 0.5-1 g

0.5 – 1 mg/kg/d
then taper

24 m UPCR ≤ 0.7
eGFR ≥ 60 / ≥ 80% pre-flare
No rescue therapy

AURORA MMF 2 x 1 g 2 x 0.5 g 25 mg/d
Taper to 2.5 mg/d at 16 weeks
total ca. 1.2 g

12 m UPCR ≤ 0.5
eGFR ≥ 60 / ≥ 80% BL
No rescue therapy



Steroids in the treatment of Lupus nephritis

Induction Maintenance

...a modular system

• How do we define glucocorticoid exposure?
(cumulative dose?)

• What determines efficacy
(peak dose / total dose / duration)?

• What determines adverse effects
(peak dose / total dose / duration)?



Is cumulative Steroid dose: a meaningful
measure?

4.5 g4 gCumulative Dose: 

Kahaly, J Clin Endocrinol Metab 2005

Lessons from endocrine orbitopathy (n=70)



Dose-adverse-event-relation for glucocorticoids

Ecchymoses Glaucoma

Lessons from rheumatoid arthri;s

Huscher, Ann Rheum Dis 2009



Huscher, Ann Rheum Dis 2009



Accumulating organ damage in SLE

(How) can we differentiate damage through ongoing
lupus activity vs. treatement-related adverse effects?

Accrued organ damage
through disease activity

Treatment-related
adverse effects



Accumulating organ damage in SLE

Al Sawah et al., Lupus Science & Medicine 2015;2:e000066 

Hopkins Lupus Cohort
n = 2199

mean FU 6y



Predictors of organ damage in SLE

Al Sawah et al., Lupus Science & Medicine 2015;2:e000066 



Cataract:

Osteoporotic fractures:

Cardiovascular damage:

Renal damage:

Disease activity, steroid use and organ damage
HR



(How) can we reduce steroid exposure in 
lupus nephritis?

Strategies to minimize glucocorticoid exposure:
• Reduce the dose and duration of glucocorticoids
• Replace oral glococorticoids by IV pulses
• Replace glucocorticoids by alternative agents



(How) can we reduce steroid exposure in 
lupus nephritis?

Strategies to minimize glucocorticoid exposure:
• Reduce the dose and duration of glucocorticoids
• Replace oral glococorticoids by IV pulses
• Replace glucocorticoids by alternative agents



Steroids in the treatment of Lupus nephritis

InducCon Maintenance

...a modular system



MyLupus: MPA + standard vs. low-dose GC
n = 81

3 x 0.5g MPDN

1 mg/kg/d PDN, taper
to 5-10 mg/d (weight
adjusted) by week 24

vs.
0.5 mg/kg/d PDN, taper
to 2.5-5 mg/d (weight
adjusted) by week 24

My Lupus: Zeher et al., 
Lupus 2011;20:1484–1493 



My Lupus: Zeher et al., Lupus 2011;20:1484–1493 

MyLupus: MPA + standard vs. low-dose GC
• The only RCT comparing standard vs low dose GC in LN
• open label, underpowered (non-inferiority not shown)



Steroids in the treatment of Lupus nephritis

Induction Maintenance

...a modular system



CORTICOLUP:
Low dose PDN for maintenane of remission

CORTICOLUP: Mathian et al. Ann Rheum Dis 2020;79:339–346. 

Design / baseline:
• Open-label RCT
• 124 patients
• No active disease
• 5 mg/d PDN
• Only 27% with IS
• 38% with history of LN
Outcome:
• Mostly mild / moderate 

flares
• 2 vs. 1 renal flare (LN V)
• No difference in 

damage accrual

2 vs. 1 renal flare (all LN V)



(How) can we reduce steroid exposure in 
lupus nephritis?

Strategies to minimize glucocorticoid exposure:
• Reduce the dose and duration of glucocorticoids
• Replace oral glococorticoids by IV pulses
• Replace glucocorticoids by alternative agents



Steroids in the treatment of Lupus nephritis

Induction Maintenance

...a modular system



G. Ruiz-Irastorza et al. / Autoimmunity Reviews 16 (2017) 826–832 

Lupus-Cruces protocol
CYC + 125mg MPDN pulses every 2w + low dose oral PDN

Mean 8.3 ± 1.6 mg/d vs. 21.0 ± 11.7 mg/d PDN dose over 6 months
IV pulses in 100% vs. 75% paJents, mean 9.3 ± 3.3 vs. 3 ± 0.5 pulses, mean total dose 1.7 vs. 1.9 g

Complete remission Free of GC-related toxicity



(How) can we reduce steroid exposure in 
lupus nephritis?

Strategies to minimize glucocorticoid exposure:
• Reduce the dose and duration of glucocorticoids
• Replace oral glococorticoids by IV pulses
• Replace glucocorticoids by alternative agents



RITUXILUP: MMF + 2x1g RTX + 2x0.5g MPDN, no oral GC

Condon et al., Ann Rheum Dis 2013;72:1280–1286 



B Cell Therapy in LN

Parodis et al. Front. Med. 2020;7:316



NOBILITY: Obinutuzumab
• RCT, n = 125, 1:1 plac vs. obi 1000 mg w 0, 2, 24, 26
• MMF (target dose 2–2.5g/d)
• Methylprednisolone (total 1000–3000mg IV)
• PDN initial 0.5mg/kg/d, maximum 60mg/d, taper to

7.5mg/d by week 12 

NOBILITY: Furie RA, et al. Ann Rheum Dis 2021;0:1–8 



B Cell Therapy in LN

Parodis et al. Front. Med. 2020;7:316



BLISS-LN: Belimumab
• RCT; n = 448; 1:1 placebo vs. belimumab d 1, 15, 29, then every 28 d x 104 w
• Inclusion criteria:
• SLE (ACR)
• LN III/IV/V within 6 months of inclusion with acCve lesions
• UPCR ≥ 1
• InducCon therapy started within 60 days of enrollment

• Background therapy:
• CYC-AZA (EUROLUPUS) or MMF (ALMS)
• Steroid regimen not specified (but target PDN ≤ 10mg at week 24)

• Endpoints:
• Primary: PERR (UPCR ≤ 0.7; eGFR ≥ 60 / ≥ 80% pre-flare; no rescue therapy

at week 104)
• Secondary: PERR at 52 weeks; CRR; Cme to renal-related event / death; ...)



BLISS-LN: Baseline Characteristics

Furie R et al., N Engl J Med 2020; 383:1117



BLISS-LN: Results

Furie R et al., N Engl J Med 2020; 383:1117



BLISS-LN: Adverse Events

Furie R et al., N Engl J Med 2020; 383:1117



BLISS-LN: Subgroup Analysis

Furie R et al., N Engl J Med 2020; 383:1117



CNI: „Multitarget Therapy“
Induction:
n = 362 (all Chinese)
CYC + PDN
vs.
Tac + low dose MMF (2x500mg) + PDN
26 weeks

Maintenance (extension):
n = 206
AZA + PDN (10 mg)
vs.
Tac + MMF 2-3 x 250mg + PDN

Liu Zet al. Ann Intern Med, 2015;162:18

Zhang H et al. JASN 2017;28:3671



Voclosporin*

• Advantages over cyclosporin A and tacrolimus:
• Consistent dose-concentration, eliminating the need for therapeutic drug monitoring
• No dose modification in mild to moderate renal impairment
• Increased potency compared to cyclosporine A
• Improved glucose metabolic profile compared to tacrolimus
• Improved lipid profile compared to cyclosporine A
• No drug-drug interaction with MMF

• Structurally similar to cyclosporine A, 
with the addition of a single carbon 
extension with a double-bond that 
changes how voclosporin binds to 
calcineurin 

* Voclosporin is not approved by Swissmedic for the treatment of Lupus Nephri;s. Remark is valid for all following slides



AURORA: Voclosporin Phase III
• RCT; n = 357; 1:1 placebo vs. voclosporin 23.7 bid
• Inclusion criteria:
• SLE (ACR)
• LN III/IV/V within 2 years of inclusion
• UPCR ≥ 1.5 (≥ 2 for class V LN)
• Doubling of proteinuria within 6 months if biopsy > 6 months back

• Background therapy («standard of care» ...?):
• MMF 2 x 1g
• Low dose glucocorticoid scheme:

IV methylprednisolone 0.5 g/day on Days 1 and 2

But: previous dose of steroids before study inclusion?

Start at 20mg/d if < 45 kg

Rovin B et al., Lancet 2021; 397: 2070–80 



AURORA: Selected Baseline Characteristics
Control 
n=178

Voclosporin
n=179

Median age, years (range) 32 (18–72) 31 (18–62) 
Sex, n (%)

Male 26 (14.6) 18 (10.1)
Female 152 (85.4) 161 (89.9)

Mean time since initial lupus nephritis diagnosis, years (SD) 4.7 (4.9) 4.6 (5.1)
eGFR, ml/min/1.73 m2

Mean (SD) 90.4 (29.0) 92.1 (30.6)
Median 97.0 91.0

UPCR, mg/mg
Mean (SD) 3.9 (2.4) 4.1 (2.7)
Median 3.1 3.4

Biopsy Class, n (%)
Pure class III 29 (16) 20 (11)
Pure class IV 77 (43) 91 (51)
Pure class V 25 (14) 25 (14)
Mixed III or IV + V 46 (26) 43 (24)

Biopsy, n (%)
Within six months before screening 157 (88) 161 (90)
More than six months before screeing 21 (12) 18 (88)

Rovin B et al., Lancet 2021; 397: 2070–80 



AURORA: Endpoints

• Primary: CRR at week 52:
• UPCR ≤ 0.5
• eGFR ≥ 60 / ≥ 80% BL
• no rescue therapy

• Key secondary: 
• UPCR ≤ 0.5
• PRR (≥ 50% proteinuria

reduction from BL) at 
week 24 and 52

• Time to PRR
• CRR at week 24

Rovin B et al., Lancet 2021; 397: 2070–80 



AURORA: Adverse Events

Control
(n=178) 

n (%)

Voclosporin
(n=179) 

n (%)

Adverse Event (AE) 158 (89) 162 (91)

Serious Adverse Event (SAE) 38 (21) 37 (21)

SAE System Organ Class of Infection 20 (11) 18 (10)

Treatment-related SAE 8 (4) 8 (4)

AE leading to study drug 
discontinuation 26 (15) 20 (11)

Death* 5 (3) 1 (<1)

Treatment-related AE leading to death 0 0

Rovin B et al., Lancet 2021; 397: 2070–80 



Effect of Voclocporin on eGFR and Cardiovascular Risk Factors

• No effect on blood glucose
• Positive effect on blood lipids

• Blood pressure:

Rovin B et al., Lancet 2021; 397: 2070–80 
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Rovin B et al., Lancet 2021; 397: 2070–80 



AURORA: Effect on SLEDAI and Serological
Activity Parameters

Rovin B et al., Lancet 2021; 397: 2070–80 



Non-immune Effects of CNI on Proterinuria

Faul C et al., Nat Med 2008;14:931



Lessons from NOBILITY, BLISS-LN and AURORA for
Steroid Dosing in LN

• Not real steroid replacement trials
• But: “Triple“ Immunosuppression as a means to reduce GC?
• BLISS-LN and NOBILITY used „standard“ GC-regimen
• AURORA: largest LN study with a defined low dose GC 

regimen
• Respons rates in AURORA placebo arm similar to other

studies with higher dose GC, however...
• Comparability between studies (inclusion criteria, end point

definition)?
• Pre-randomization steroid treatment?



Dall’Era et al., Lupus 2019;28:591
AURA (voclosporin Phase II) vs. ALMS

AURA, placebo arm vs. ALMS both arms
Propensity matched



KDIGO 2021 Recomendation



Conclusions and Take Home Messages
• Very few data available on the optimal steroid regimen in LN
• Starting with 1mg/kg may be too high
• Spectrum of therapeutic effects and adverse effects is dose-

dependent (different mechanisms of action)
• Cumulative dose of GC is of limited value, particularly if

adding pulse IV and oral GC
• Pulse IV methylprednisolone allows lower oral GC-dosing and

may help reduce overall GC-related adverse effects
• Do not use low dose oral GC schemes w/o IV pulses for

severe disease



• Triple therapy as a means to spare steroids and increase
response rate:

• B-cell depletion (rituximab, obinutuzumab)
• Anti-BLyS (belimumab)
• CNI (voclosporin)
• more to come...

Conclusions and Take Home Messages



andreas.kistler@stgag.ch

Thank you for listening!


