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Lupus nephritisςISN/ RPSclassification
Weeninget al.: KidneyInt., 2004, 65: 521-30

1.     type I ςimmunedepositsin the mesangiumw/o hypercellularity
2.     type II ςmesangialhypercellularitywith immunedeposits
3.     type III ςfocalGN(< 50% gls) ς

a) activelesions
b) activeandchroniclesions
c) chroniclesions

4.    type IV ςdiffuse GN(> 50% gls) ς
IV-S >50%  segmental lesions(a,b,c)
IV-G>50%  global lesions(a,b,c)

5.     type V ςmembranouslupus nephritis
6.     type VI ςadvancedsclerosinglesions(> 90% gls)



Lupus nephritisςISN/ RPSclassification
Weeninget al.: KidneyInt., 2004, 65: 521-30

1.   type I ςII    ςmesangiopathy

2.   type III ςIV  ςproliferative LN

3.   type V          ςmembranousLN

4.   type VI         ςsklerosinglesions



Outline of the lecture

1. Efficacyand toxicity of high-dose cyclophosphamide

2. Mycophenolatemofetil andcalcineurininhibitors in LN

3. Biologictreatment in LN

4. Lowdose cyclophosphamide
ςhighefficacy,  relatively low toxicity

5.     Conclusions
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5-year survival

Type III          65%

Type IV          25%

Type V           90%

Diffuse GN 
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Gourley, M. F. et. al. Ann Intern Med 1996;125:549-557

CPHincreasedthe remissionrate



Austin, et al. N Engl J Med 314,614,1986

Survivalwithout renal failure



Induction treatment
(usually3-6 months)

3 i.v. MP pulses(a 0,5 - 1 g)
Prednisone 0.5 - 1 mg/kg/day

Oralcyclophosphamide 1 -2 mg/kg/day
Pulsedcyclophosphamide15 mg/kg/2-4 weeks



Outcomeof pts with (proliferative) lupus nephritis dramaticallyimproved



In 85 Greekpatients with classIII (33 pts) and IV (52 pts) LN
mediantime to remissionwas 10 months

0.5
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Relapseswere frequent and
mediantime to relapsewas 79 months

0.5

79



In non- relapsingpatients survivalwithout DSC
much better than with όαnephriticάύ relapses

0.9 0.95



To induceremissionin relapsingpatients wasmore difficult and
mediantime to re-remissionwas32 months

0.5

32







In 35 pts with SLE treated with pulse CPH (31.4% with LN) between1987-1995

54% of pts developedovarian failure (premature menopause)



Incidence of ovarian failure in SLE pts treated with pulsedCPH (13 ï59% of pts) 



Predictors of sustainedamenorrheain 67 pts with SLE (59 out of them with LN)

age, cumulative doseof CPH and duration of treatment





59 pts with LN(mostly III and IV) inducedinto remissionwith high-doseCPHpulses
randomizedto AZA, MMF, or quartely PHDpulses

Quarterly iv CPHinferior in terms of survival, event-free andrelapse-free survival



Amenorrhea, infections, nauseaandvomiting more frequent in ivCPHvs. AZA andMMF



Outline of the lecture

1. Efficacyand toxicity of high-dose cyclophosphamide

2. Mycophenolatemofetil andcalcineurininhibitors
in LN

3. Biologictreatment in LN

4. Lowdose cyclophosphamide
ςhighefficacy,  relatively low toxicity

5.     Conclusions





Treatmentof diffuseproliferative LN 
MMF vs. CPH

Chan TM et al  N Engl J Med 343,1156,2000

64 Chinesepts randomizedto either:

MMF ( 2g/day6 months,
followed by 1g/day

for further 6 months) 
vs.

Oralcyclophosphamide 6 months followed
by

AZA for further 6 months



Proteinuria

SCr and creatinine clearance



Long-term follow-up
(63 months)

Chan et al., J. Am. Soc. Nephrol., 2005, 16:1076

MMF CPH-Aza P

Patients 33 31

ESRD/death 0 4 0.062

Doubling of 

Scr

2 3 

Relapses 9 11

Infections 4 

(12.5%)

12 

(40%)

0.013



MMF comparedwith high-dose pulsedCPH

alsoin multiethnic US population



MMF 3 g/ day 

6 months

CPH 1g 

/month

6 months

p

Patients 71 69

Complete 

remission

14 4

0.014

Complete 

and partial 

remission

21                     14

0.034



Phase III study randomised 358 pts with LN 

to induction treatment either with MMF (3 g/day, 

minimum 2 g/day), orCPH (0.5 ï1 g/m2) in 

combination with CS

Patients in remission again randomised to 

maintenance treatment either with MMF or AZA,

in combination with CS



Mycophenolatemore effectiveonly in other (mostly black) patients



No difference in mortality and all AE, different drug specificAE



Despite the same short-term response to MMF and CPH, 
higher risk of ESRD in MMF treated pts



EURO-LUPUS TRIAL
meanfollow-up of 41 months

CPH MMF

ESRD-free surival

at 5 years

Koo et al., 2011 100% 81% p = 0.04

Treatment failure

at 3 years
(death, ESRD, doubling of

SCr, flare, need for rescue

medication

Dooley et al., 2011

4.7%
(MMF)

14.5%
(AZA)

10%
(MMF)

20.1%
(AZA)

p = n.s.

p= n.s.

Renal outcome in CPH and MMF treated patients





Treatment with CPH pulsesand CS comparedin 40 pts with IV+V LN 

with the combination of MMF, tacrolimus and CS,

completeteremissionmuch more frequent in pts on multitarget treatment



On rebiopsyŹ activity and

lessexpressedŷ chronicity

in pts on multitarget therapy



368 Chinesepts with (mostly classIII -IV) LN randomized to either multitarget therapy

TAC 4 mg/day, MMF 1g/day and CS, or iv CPH (0.75 g/m2 each4 weeks) and CS

Multitarget therapy more effectivecomparedto iv CPH,

completeremissionat 24 weeks(45.9 vs. 25.6%, p < 0.001)

No significant difference in AE rate



Efficacy of multitarget therapy presentover all classesof LN



368 Chinesepts with (mostly classIII -IV) LN randomized to either multitarget therapy

TAC 4 mg/day, MMF 1g/day and CS, or iv CPH (0.75 g/m2 each4 weeks) and CS

Adverseeventsrate similar in pts on the multitarget therapy

No significant difference in AE rate



40 pts Caucasianpts with proliferative LNrandomized
to the initial treatment with ivCPHor CyA



Remissionandresponse comparable, Ҩ Puin CyAlimb 



Leukopenia¬in pts on CPH, ¬BPandtemporary¬Screaton CyA



In 40 Caucasianpts cyclosporinesimilarly effectivecomparedto iv CPH pulses



ExtendedFU(7.7 years) availablein 38 pts, 
without significantdifferencebetweenboth limbs



Voclosporin Cyclosporin

Voclosporinςa new CNIwith more predictablerelation
between its plasma levelsandcalcineurininhibition



AURA-LV Trial
ά{ǳŎŎŜǎǎŦǳƭ ¢ǊŜŀǘƳŜƴǘ ƻŦ !ŎǘƛǾŜ [ǳǇǳǎ bŜǇƘǊƛǘƛǎ 
with Voclosporinέ
Pendergraftet al., ASNKidney Week 2016, November 19 in Chicago

Study enrolled 265 patients who were randomized to receive either to
23.7 mg or 39.5 mg of voclosporintwice daily, or placebo. 
The experimental treatment was taken as an add-on to the standard care 
with mycophenolatemofetil and steroids(forcedtaper to 5 mg by week8). 

After 24 weeks of treatment, 32.6%of patients in the low-dose group 
and 27.3% of those in the high-dose group achieved complete remission, 
compared to 19.3%in the placebo group(OR = 2, statisticallysignificant).

Both voclosporindoses were also better than placebo
in achieving partial remission 
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Ofatumumab

Veltuzumab

Tabalumab



rituximab

belimumab



Veryvariableefficacywith at leastpartial response in 50 -100% pts with (mostly) refractory LN



Therapeutic response to RTX in 2/3 of pts with LN



Response to RTX different in different classesof LN

- better response in type III comparedto type IV

(analysisof 106 pts)



144 pts with LN III -IV on CS and MMF randomized to RTX, 

or placebo with a FU of 52 weeks

No significant difference in remissionrate and renal response rateé



é but,  in pts treated with RTX

ŷ C3a Ź anti-ds-DNA é
Too short FU in pts with relatively mild disease

and strong background therapy?

Low number of pts?



Probablepredictorsof the response to RTX

Ethnicity
Geneticfactors(Fcɹ IIIAor IL2/ IL21polymorphism)
Efficacyof B cell depletion (RTXlevels)
Numberof cyclesof RTXtreatment (duration of B 
cell depletion)
Concomitanttreatment (CPHbetter than MMF?)
Classof LN
Crescents
Proteinuria
Renalfunction



In a post-hoc analysisof 68 pts from LUNAR trial

only 78% of pts achievedcompleteB cell depletionduring FU

Pts who achievedB cell depletion - Ź proteinuria and¬anti-SmAb



Time courseof completeB cell depletionand completeresponse 



Completeremissionmore commonin pts who achievedcompleteB cell depletion

at week52 and 78 



Completeresponse associatedwith achieving

completeB cell depletion and its duration



CompleteB cell depletionassociatedwith proteinuria , 

anti-SmAb and rituximab levels







In proliferative LNRTXrecommended
only as an off-label treatment of pts refractory to CPHandMMF



rituximab

belimumab



BlockingBlyS(BAFF) with belimumabresultsin the apoptosisof B cells



In 819 mostly white pts with SLE

with SELENA/SLEDAI > 6  belimumab (10 mg/kg) 

achievedSRI response in 43.2% pts comparedto 33.5%

in placebo limb(p< 0.02)

BLISS-76



High C4 (a C3) in pts treated with belimumab

p<0.001



Much more pronounceddecreaseof anti-ds-DNA

in pts treated with belimumab

p<0.001


