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What drug and dose would 
you use 

• A 25 year old woman, weight 90Kg, with first 
presentation of minimal change disease and 
nephrotic syndrome ?

1. 1mg/Kg prednisolone tapering over 4 months

2. 0.5 mg/Kg prednisolone tapering over 6-8 
months 

3. Tacrolimus 2mg bd for 6-12 months

4. Rituximab 1 g x2 

5. Methylprednisolone x3 followed by Tacrolimus 



What drug and dose would 
you use 

• A 60 year old woman, with lupus nephritis class 
IV/V, Creatinine 90mcmol/, UPCR 300, 
arthralgias, rash and mouth ulcers?

1. Methylprednisolone 500 mg x3 followed by 
1mg/Kg prednisolone with MMF/cyclo

2. 1mg/Kg prednisolone  with MMF/cyclo

3. Prednisolone 1 mg /Kg, Tacrolimus 2mg bd and 
MMF 

4. Rituximab 1 g x2, and MMF 



What drug and dose would 
you use 

• A 75 year old woman, with ANCA associated 
vasculitis, MPO-ANCA, Creatinine 501 mcmol/l, rash 
and arthralgias, and osteoporosis.

1. Methylprednisolone 500 mg x3 followed by 
prednisolone with cyclo/RTX

2. prednisolone with cyclo/RTX

3. prednisolone  with MMF

4. Rituximab 1 g x2 and Cyclo with 2 weeks of pred

5. PEX, MP, Pred and cyclo/RTX

6. PEX, Pred and cyclo/RTX



KDIGO Guidelines 
Condition Steroids With 

MCN/FSGS Yes , 1mg/Kg

Membranous* Yes CYC/RTX

SLE Yes MMF, CYC

AAV Yes CYC, RTX

IgAN* Yes

GBM Yes CYC, PEX

Immune Complex 
GN/C3GN

Yes MMF

* At high risk of progression 



Background

• Cortisone isolated 1930

• Used therapeutically in RA 1948

• Used to treat nephrotic syndrome and nephritis late 
1940’s and 1950’s(ACTH, cortisone, prednisone)

• 0.9% of general US population prescribed steroids; 
7% of hospitalised patients 

• Mainstay of treatment for inflammatory renal 
diseases, but despite this…

• Dosing and duration of treatment poorly studied

• Significant side effects; universally hated by patients



How did we get to current 
steroid dosing ?



How did we get to current 
steroid dosing ?

• MCD: 31 patients ; prednisone vs placebo( 
although 4 controls treated with steroid)

• Dose not less than 20 mg

• Duration: at least 6 months



How did we get to current 
steroid dosing ?

• Adult nephrotic syndrome treatment 
extrapolated from some paediatric trials and 
adult cohorts:  Despite differences in tempo 

• 2-3 months no worse than 5-6 months of 
treatment in kids

• KDIGO 2021: max 16 weeks of high dose steroids 



Years Number Treatment Outcome notes

1953-55 N=10 Pred 10mg/day 10 died, 8 in renal 
failure median 13.8 
months

Lower median 
creatinine at onset;
More tubular 
damage and fibrosis 
on biopsy 

1956-58 N=16 Pred 40-60 
mg/day for 6 
months

7 died (median 13.4 
months), 9 alive at 
34 months

More activity on 
renal biopsy



Saving daily oral steroids 

3 pulses of 1g MP on consecutive days 
Allowed reduction in daily oral prednisolone 

Cathcart et al 1976



Combining steroids with other 
immunosuppressants

• Adding in cytotoxics or anti-proliferatives improved 
outcomes in SLE, anti-GBM, and vasculitis

• But despite adding in second agents, or using pulses of 
MP, high dose oral steroids were maintained

Austin 1986

Pred 0.5 mg/Kg
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Little et al, Ann Rheum Dis, 2009

Modern protocols for AAV effective 
but problematic



RITUXVAS: Trial Overview



Primary Efficacy End-point – Sustained 
remission
(BVAS 0 maintained for 6 months)
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Primary Safety End Point

RTX CYC

Severe 
Adverse 
Events
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Rituximab Versus Cyclophosphamide for 
Induction of Remission in ANCA-Associated 
Vasculitis: A Randomized Controlled Trial 
(RAVE)

• Non-inferiority study

• RTX (375 mg/m2 i.v. weekly x 4) vs oral CYC 2mg/Kg then Aza

• Steroids: 1-3 g i.v. methylprednisolone followed by prednisone 1 
mg/kg/d p.o. reduced to 40 mg/d by month 1 and discontinued by 
month 6

• Endpoint remission off steroids at 6 months 

• 197 patients; 

• 1 European, 8 US centres

Stone et al 2010 NEJM



Rituximab Versus Cyclophosphamide 
for Induction of Remission in ANCA-
Associated Vasculitis: A Randomized 
Controlled Trial (RAVE)

• 64% RTX vs 53% of CYC achieved primary endpoint 
(p=0.21)

• No difference in remission with Pulm haemorrhage or AKI

• Better outcome with RTX in those relapsing patients (67% 
vs 42% (p=0.01) regardless of ANCA type

• SAE Rate: 0.06 RTX vs 0.08 of CYC (p=NS), but fewer 
patients in RTX had 1 or more SAE (19 vs 32 pts, p=0.03)



What accounts for toxicity that persists despite 
avoidance of CYP?

• Common to all trials high doses of steroids  with little data to 
support dosing regimen 

• MP pulse doses vary  a lot : 

• 250-1000mg x1-x3

• 7-30 mg/kg vs 1g/m2

• RAVE: mandated methylprednsiolone 1-3g, oral pred 1mg/Kg

• RITUXVAS: methylpred 500mg , oral pred 1mg/Kg



Role of MP in severe ANCA vasculitis 

N=114 pts; 5 centres; severe AAV (Cr>500 or on 
dialysis) 52 additional MP vs 62 without

• No difference in renal recovery, survival or 
relapse

• Increased number of infections and rates of 
severe infection requiring 
hospitalisation(p=0.005)

• Increased risk of DM (28.6 vs. 6.6%; p=0.003)

No benefit from additional MP; positive harm

Chanouzas 2019



PEXIVAS: 1st trial to test steroid dosing 

Severe AAV

Standard Therapy with 
Cyclophosphamide or 

RTX and IV MP 

Adjunctive Plasma 
Exchange

No Plasma 
Exchange

Standard-Dose 
GC

Reduced Dose 
GC

Standard-Dose 
GC

Reduced Dose 
GC

N=704

eGFR< 50mls/min or 
alveolar haemorrhageEndpoint: ESRD or death



PEXIVAS outcomes 

• Similar outcomes in lower/higher dose steroids 

• Less infections in lower dose steroids HR 0.7(0.52-0.94) p=0.02

• So we can use less steroids 

• No benefit from Pex on ESRD or death at 5 years 

• Some potential signal in those with PH, so may still be beneficial



Meta analysis of PEX for severe AAV



NIH prednisolone and cyclophosphamide for AAV 
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EUVAS steroid protocol refinement in AAV
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Total steroid exposure in first year 

Total Prednisolone in first year

Protocol
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Steroid minimisation

• 8 weeks of steroids with 4 weeks of RTX ; N=20

• Allowed methylprednisolone ( max 3 g)

• Excluded severe disease

• 70% achieved remission @6 months

• 30% relapse rate

• Fewer adverse events than RAVE

Miloslavsky et al 2018



London extreme steroid minimization cohort 
n=58

Methylprednisolone 
Rituximab 1gx2: 2 weeks apart
Cyclophosphamide 500mg x6/every 2 weeks
Prednisolone 60mg 1 week, 45mg 1 week or 30 mg for 1 week

RTX

CYP

PRED

Time/weeks
0     1        2                4                 6              8               10              12

MeP



Long term outcomes of steroid 
minimising protocol 

• n=58, 84% new presentation

• 65% MPO-ANCA, 29% PR3-ANCA, 5% ANCA negative

• 9% required steroid re-introduction in 1st 6 months for disease; by 3 years 80% 
remain steroid-free with relapse of 19%

0 1 2 2 4 3 6 4 8

0

5 0

1 0 0

T im e  (m o n th s )

%
 o

f
 P

a
t
ie

n
t
s

E S R D -F re e

P a tie n t S u rv iv a l

0 1 2 2 4 3 6 4 8

0

5 0

1 0 0

T im e  (m o n th s )
%

 o
f
 P

a
t
ie

n
t
s

R e la p s e -F re e

S te ro id -F re e

A B



Extreme Steroid Minimisation
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Avacopan: Advocate trial

• C5aR inhibitor; N=331; 

• 43% PR3-ANCA, 57% MPO-ANCA

• Similar remission outcomes with Avacopan and 
prednisolone at 6 months(non inferior)

Jayne et al 2021 NEJM



Steroid minimisation in SLE
• Rapid taper with Voclosporin (AURORA trial)- but no 

difference in infectious complications vs control arm

• Steroid free with RTX and MMF (RITUXILUP cohort)- single 
dose MP with RTX but no maintenance steroids





Psychiatric side effects 

Meta analyses of >2500 pts, 13 studies

• Mild-moderate reactions 28%; Severe reactions 6%

• Short term: Euphoria, hypomania commonest

• Long term: Depression 

• In children: 50% some behavioural and affective disorders-
depression, anxiety, insomnia, irritability, argumentative...

• Dose related: 1.3% <40 mg pred, 4.6% 41-80 mg, 18% >80 
mg

• But dose doesn’t predict onset, duration or severity

• More common in women

Warrington 2006



Metabolic/CV consequences in steroid 
treated patients with AAV 

From  AAV trials and long term follow up :
• Weight gain : 22% >10Kg 

Persists >1 year, does not regress during one 
year of remission; Most marked in new patients

• HT: 17% in five years 
• New onset diabetes: 4-8%
• Cardiovascular disease: 2-4 fold increase CAD; 

14% @ least one CV event in first 5 years ; 6% 
CV deaths, 8% MI, 5% stroke

Westman 2015



Cardiovascular disease and renal 
inflammation 

• In SLE and AAV patients with nephritis, 
cardiovascular disease 3-8 times more common 
than age, and renal function matched controls

• Not explained by traditional risk factors

• Pexivas CV events 16-19% (high and standard 
dose)

• Does therapy play a role? 



SLE and CV disease: role of steroids 

• Post Mortem series aged 8-62 years

• 36 patients with SLE; 19 treated with prolonged steroids vs 17 
with <12 months treatment  compared to 20 non-steroid pts

• Prednisolone 20-120 mg a day in prolonged treatment

• Various changes: increased HT, cardiac fat deposition, greater 
coronary atheroma in those >1 year treatment (42%,  had 50% 
stenosis in one c/artery)

Bulkley and Roberts 1975



Cardiovascular disease and renal 
inflammation 

• In trial of patients with nephrotic syndrome and 
Cr<150 mcmol/l, n=125

• Minimal change, membranous or proliferative GN

• 61 treated prednisolone 20-30 mg a day for 6 months; 
10 mg/day for further 6 months

• 64 supportive care 

• 17/61 died in pred group vs 12/64

• Cardiovascular deaths: 7/17 vs 1/12

Mostly in those with proliferative nephritis

Black 1970



Impact of  Steroid Exposure 

• Population study using linked data to GP and hospital datasets in UK, 
1998-2017

• N=70,638 on steroids vs 41,166 matched non-steroid users, >18 years 
old

• Spanned various inflammatory diseases including vasculitis, SLE, RA, 
GCA/PMR and IBD* 

• Outcomes: Death, Cushing’s and adrenal insufficiency; mean 5 year f/u

Mebrahtu et al 2019

Outcome Steroid use No steroid use HR

Cushing’s 248 1.09 for every 5 mg /day
increase
Or 2.31 for every 1000mg/year

Adrenal Insufficiency 183 1.07 for every 5 mg /day
Or 2.25 for every 1000mg/year

Death** 22,317(31.6%) 7,544(18.3%) 1.26 for every 5 mg /day
or 2.05 for every 
1000mg/year

*Highest rates of exposure in SLE and AAV; ** CVD, infections highest cause of mortality



Cardiovascular disease and renal 
inflammation 

• Those with greatest degree of inflammation 
have the greatest need for therapy and may 
have greatest dose of steroids

• So is cardiovascular disease due to 
inflammation or treatment or both?



Modelling renal inflammation and 
atheroma

• Modified NTN model in ApoE-/- mice  fed a high 
fat diet

11 weeks2 weeks

NTS
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WT NTN

APOE-/- NTN + Prednisolone

APOE-/- Saline APOE-/- NTN

In atheroma-susceptible mice, 
nephritis increases degree of 
atheroma and this is augmented 
by steroids



Impact of steroids on atheroma



Effect of prednisolone on survival

No differences in LDL or blood glucose levels between 
groups 
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Implications for therapy of GN

• Reducing steroids could reduce accelerated 
cardiovascular disease 

• Other novel steroid sparing agents could alter 
side effect profiles



Potential therapies
Condition Steroids With Alternatives

MCN/FSGS Yes , 1mg/Kg CNI, RTX*, CYC

Membranous* Yes CYC RTX, CNI, 
Obinutuzimab*,
Complement 
blockade*

SLE Yes MMF, CYC CNI, RTX, B cell 
blockade, IFN-
blockade, anti-
BAFF; steroid free

AAV Yes CYC, RTX MMF, MTX, 
Avacopan, CYC-
RTX steroid low

IgAN* Yes Complement 
blockade*, local
steroids, BAFF-
APRIL inhibitors

GBM Yes CYC, PEX RTX, IDES*

Immune Complex 
GN/C3GN

Yes MMF Eculizumab

* In trials



Duration of therapy

• Use of maintenance therapy almost universal in SLE, 
AAV, and many other GNs

• Despite this, relapse occurs, at historical rates of 
50% @ 5 years for AAV

• Data on how long we should continue for is unclear

• Not without risks; In AAV patients:
• 5 fold increase in invasive pneumococcal infection

• Increased mortality compared to age matched population

• Poor response to vaccination, marker of all cause mortality 
in AAV 



Harm of steroids

• McGregor et al 2013- glucocorticoids beyond 6 
months do not prevent relapse but increase 
adverse events 

https://mail.med.uni-heidelberg.de/content/7/2/240/,DanaInfo=cjasn.asnjournals.org+F2.large.jpg


No so fast…..

A note of caution …..



What drug and dose would 
you use 

• A 25 year old woman, weight 90Kg, with first 
presentation of minimal change disease and 
nephrotic syndrome ?

1. 1mg/Kg prednisolone tapering over 4 months

2. 0.5 mg/Kg prednisolone tapering over 6-8 
months 

3. Tacrolimus 2mg bd for 6-12 months

4. Rituximab 1 g x2 

5. Methylprednisolone x3 followed by Tacrolimus 



What drug and dose would 
you use 

• A 60 year old woman, with lupus nephritis class 
IV/V, Creatinine 90mcmol/, UPCR 300, 
arthralgias, rash and mouth ulcers?

1. Methylprednisolone 500 mg x3 followed by 
1mg/Kg prednisolone with MMF/cyclo

2. 1mg/Kg prednisolone  with MMF/cyclo

3. Prednisolone 1 mg /Kg, Tacrolimus 2mg bd and 
MMF 

4. Rituximab 1 g x2, and MMF 



What drug and dose would 
you use 

• A 75 year old woman, with ANCA associated 
vasculitis, MPO-ANCA, Creatinine 501 mcmol/l, rash 
and arthralgias, and osteoporosis.

1. Methylprednisolone 500 mg x3 followed by 
prednisolone with cyclo/RTX

2. prednisolone with cyclo/RTX

3. prednisolone  with MMF

4. Rituximab 1 g x2 and Cyclo with 2 weeks of pred

5. PEX, MP, Pred and cyclo/RTX

6. PEX, Pred and cyclo/RTX



Conclusions

• Steroid dosing not properly considered in GN 

• Accounts for significant toxicity

• May itself contribute to atheromatous disease

• Can be avoided using novel protocols or novel 
agents which need to be tested in randomised 
trials

• Time to rethink our use of steroids 



Take Home messages

• Think about the dose of steroid and duration that 
you are prescribing

• Do they need pulsed methylprednisolone and if 
they do can you reduce the oral steroid 

• They are not benign drugs

• Many can do without them 

• Enrol patients in steroid avoiding trials and
consider steroid avoiding strategies
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