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Complement activation in renal disease

1.   Atypical HUS

2.   C3 glomerulopathy

3.   Lupus nephritis

4.   Membranous nephropathy

5.   ANCA-associated vasculitis

6.   IgA nephropathy



Complement-mediated aHUS



Inhibition of C5 and C5a receptor
with eculizumab and avacopan

Avacopan

Ravulizumab



In 2 RCTs eculizumab increased platelet count and eGFR



Outcome of 37 pts with treated with eculizumab for 2 years
Normalization of platelets was achieved in 33 pts… 



… but significant improvement of eGFR achieved only in pts with progressing TMA
(trial 1), but not in pts with chronic CKD (trial 2) 



Ravulizumab has much longer half-life, more convenient dosing



Ravulizumab shown to be effective in phase 3 trial in 56 pts with atypical aHUS

Complete TMA response

Platelets

LDH

Hemoglobin

eGFR



Cemdisiran (ALN-CC5) is a RNAi targeting C5 and inhibiting complement



Cemdisiran within several days completely blocks C5 synthesis
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Outline of the lecture

1.   Efficacy and toxicity of  the standard treatment of AAV

2.   Role of complement in the pathogenesis of AAV- clinical data

3.   Complement inhibition in AAV – experimental studies

4.   Complement inhibition in AAV – clinical studies

5.   Conclusions





High risk of late occurring (6.9 – 18.5 yrs after CPH ) malignancies 
in pts with cumulative dose of CPH > 36 g



Cumulative incidence
of remission

Sustained remission:
RTX 76%
CPH 82%
Increase of GFR at 12 months:
RTX 19 ml/min
CPH 15 ml/min

RITUXVAS study



One-centre analysis of 323 pts with AAV 33 pts developed 45 malignancies
CPH associated with increased risk of cancer, 

in RTX-treated pts similar risk of cancer as in general population



Cumulative incidence 
of severe adverse events

RTX 42%
CYC 36%

RITUXVAS study



Reduced dose of CS in the PEXIVAS trial



Pts treated woth reduced dose of CS had similar outcome, 
but significantly lower risk of serious infections

(27% vs. 33%, RR = 0.69, p = 0.02)



„Linear rising“ „Threshold pattern“

Side effects of CS evaluated in 1066 of pts with RA



„Linear rising“:

cushingoid phenotype,
ecchymoses, leg oedema, 
mycosis, 
parchment skin,
shortness of breath,
sleep disturbance

„Threshold pattern“:

cataract:   5 mg/day
epistaxis, 
weight gain:   5 mg day
glaucoma, depression, 
increase of BP:  7.5 mg day
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Genetic predisposition, enviromental factors and loss of tolerance and autoantibody production
results in injury mediated by neutrophils and monocytes and modified by T cells and macrophages



Glomerular deposits of C3 found in 55% of patients with Wegener ´ granulomatosis



Pts with C3d positivity had  percentage of crescents and ↓ percentage of normal glomeruli



Complement factor deposition
including C3d, properdin, 
C5b-9 and MBL
more pronounced
in mixed/crescentic class of AAV



45 consecutive pts with AAV divided according to the median C3 level (in the normal range)
Pts with low C3 levels had ↓C4 and ↓eGFR at diagnosis and poorer patient and renal survival



C3 levels negatively correlated with the percentage of glomeruli with cellular crescents
C3 levels ↓ in crescentic mixed class and worsened the outcome



Low C3 levels present in 9 out of 75 pts (12%) with AAV and associated with both patient and renal survival



↓C3 levels (in 4 out of 76 pts, 5%) associated with poor patient, renal and relapse-free survival



C4 levels were not related to the outcome of patients





Circulating
complement activation
studied in 66 pts
with active AAV

Plasma C5b-9, C5a, 
C3a and Bb
all  in pts
with active AAV
compared to 
AAV in remission
and healthy controls



C5a and Bb decreased significantly after treatment



Bb levels correlated with BVAS, ESR,  proportion of glomeruli with (cellular) crescents
In AAV there is a systemic activation of alternative complement pathway
Circulating Bb could be a useful biomarker assessing the activity of AAV



Immunochemical staining for Bb, C3d and C5b-9 in pts with active AAV



Proportion of glomeruli with crescents and normal glomeruli was related in pts with AAV
to the renal expression of Bb



No significant difference between C4 and C2 levels in pts with active AAV and AAV in remission
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Cobra venom factor (CVF) rapidly depleted C3 and ameliorated the course of anti-MPO GN



CVF treated mice with anti-MPO GN -no infiltration of glomeruli with neutrophils and M



In C5-/- and factor B-/- (but not C4-/-) mice with anti-MPO GN -no necroses and crescents



In anti-MPO-mediated GN in mice anti-C5 moAb significantly reduced early glomerular neutrophil influx



Pretreatment with anti-C5 moAb prevented necroses and crescent formation



Intervention with Anti-C5 moAb attenuated development of necrotizing/crescentic GN



C5aR is implicated
in crescent formation



CCX168 (avacopan) blocks the activation of C5aR with C5a



CCX168 blocks the migration of neutrophils into the tissues



CCX168 decreased hematuria, proteinuria and leukocyturia



CCX168 dose-dependently decreased the percentage of glomerular crescents
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Case report demonstrating efficacy of eculizumab in AAV in terms of decrease of C5b-9 and serum creatinine



Inclusion criteria

1. Age at least 18 years
2. Newly diagnosed, or relapsing GPA or MPA that required treatment with CPH or RTX
3. Anti-PR3 or anti-MPO positive, or ANCA positive by indirect IF
4. eGFR at least 20 ml/min/1.73m2
5. Biopsy proven vasculitis or hematuria plus albuminuria (at least 0.5 g/g creat), or at least one

major, or three non-major items, or at least two renal itemt BVAS

Exclusion criteria

1. Severe disease (RPGN, AH leading to grade 3 hypoxia, rapid onset mononeuritis multiplex, CNS
involvement

2. Any other autoimmune disease, coagulation, or bleeding disorder
3. Received CPH within 12 weeks, RTX within 12 months prior screening
4. Cumulative dose of iv MP greated than 3 g within 12 weeks, or oral GC more than 10 mg 

prednisone equivalent for more than 6 weeks prior screening

CLEAR trial 



Demographics, disease history and ANCA type in 67 pts with AAV randomized to CLEAR trial



Disease type, activity and organ involvement in 67 pts with AAV randomized to CLEAR trial



eGFR, albuminuria and prior immunosupression in 67 pts with AAV randomized to CLEAR trial



Decrease of BVAS
faster
in avacopan
treated pts

67 pts with AAV randomized to  RTX or CPH and either high dose steroids, 
avacopan + reduced steroid and avacopan without steroids



** P < 0.01 for superiority of 
CCX168 vs. Control

Urinary Albumin: Creatinine Ratio 
Percent Change from Baseline 
(Geometric Means)

64

Decrease of albuminuria more expressed 
in pts treated with CCX168



Rapid improvement of the quality of life 
in pts treated with CCX168

* P < 0.05 for CCX168 change or percent change from baseline vs. Control 65



Improvement of vitality (less fatigue) 
in pts on CCX168

** P < 0.01, * P < 0.05 for CCX168 vs. steroid control group



Adverse events possibly related to CS treatment

Adverse Effect High Dose 
Steroids 

SOC (N=23)

CCX168 + Low 
Dose Steroids

(N=22)

CCX168 + No 
Steroids
(N=22)

CCX168 
Combined

(N=44)

Patients with Any Event 15 (65.2%) 4 (18.2%) 11 (50.0%) 15 (34.1%) *
Psychiatric disorders 6 (26.1%) 2 1 3 (6.8%)

Serious infections 1 (4.3%) 1 1 2 (4.5%)

New onset/worsening 
diabetes/hyperglycemia

4 (17.4%) 0 1 1 (2.3%)

New onset/worsening 
hypertension

5 (21.7%) 2 8 10 (22.7%)

Weight gain >10 kg 2 (8.7%) 1 0 1 (2.3%)

Bone fractures 1 (4.3%) 0 0 0 (0%)

Cataracts 1 (4.3%) 0 0 0 (0%)

* P = 0.02 for CCX168 vs. SOC Control 



Conclusions:

Avacopan (CCX168) successful as steroid sparing 
drug during the induction phase of AAV



42 pts with newly diagnosed/relapsing AAV were randomized for 12 weeks to SOC plus either placebo, 
or avacopan 10 mg twice daily, or avacopan 30 mg twice daily



SAEs occurred in 15% of pts on SOC only and in 17% of avacopan treated pts



Avacopan was numerically superior to SOC only in early remission, improved eGFR, renal response and HRQoL



ADVOCATE (NCT02994927)

– phase 3 trial is to assess the safety and efficacy of avacopan compared to high-dose CS in inducing
and sustaining remission in pts with active AAV

Primary outcomes were:
remission defined as BVAS score zero at week 26 and sustained remission at week 52

Secondary outcomes include adverse events, glucocorticoid toxicity, 
rapidity of response of health-related quality of life



The study recruited 301 pts with new or relapsing AAV (both GPA and MPA and anti-PR3 and anti-MPO positive)
with at least one major, or at least three non-major, or at least 2 renal (proteinuria and hematuria) BVAS items

and eGFR ≥ 15 ml/min/1.73 m2 indicated to the treatmet with RTX or CP





BVAS remission at week 26 achieved in 72.3% of the avacopan treated subjects vs. 70.1% of subjects in the glucocorticoid
SOC control group (p0.001 for non-inferiority)

Sustained remission at week 52 observed in 65.7% of the avacopan treated subjects vs. 54.9% in the glucocorticoid SOC
control group (p0.0066 for superiority of avacopan)



Relapse rate was lower in avacopan limb (10.1%) compared to pts treated with GC (21%)



Additional benefits in avacopan treated pts: 
significant improvement in kidney function in pts with renal disease (increase of eGFR  in the avacopan treated pts
both at 26 (5.8 vs. 2.8 ml/min/1.73 m2, p=0.0413) and 52 weeks (7.3 vs. 4.0 ml/min/1.73 m2, p=0.0259)

Difference even more apparent in pts
presenting with eGFR  30 ml/min/1.73 m2



Additional benefits in avacopan treated pts: 
significant reduction in glucocorticoid-related toxicity                                                                                                    

(GTI cumulative worsening score 39.7 vs. 56.6 for glucocorticoid SOC (p0.0002 for superiority of avacopan)



Additional benefits in avacopan treated pts: 
statistically significant improvement in health-related quality of life
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Complete replacement of CS is an attractive and feasible therapeutic option that should decrease
the corticosteroid-related toxicity and could improve long-term outcome of pts with AAV
(lower risk of relapses, better renal function)

Despite encouraging results many questions remain unaswered:

1. should the treatment with avacopan be individually tailored based on the degree of complement activation
and how it could be measured in the daily clinical practice?

2. what is the efficacy and safety of avacopan in pts with advaced renal failure and more severe disease?
3. what is the effect of avacopan on the extrarenal manifestations of the disease?
4. is there any difference in response between anti-PR3 and anti-MPO pts?
5. should avacopan be used (possibly in lower dose) as a potential maintenance treatment? 
6. what would be the long-term outcome of avacopan treated pts (in terms of mortality, ESRD, damage, etc.)?
7. Could the treatment with avacopan be cost-effective?
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6-mo treatment with CS decreased Pu
and slowed down the progression of CKD
in pts with IgAN



In pts treated with IS more frequent full remission, 
but no difference in the proportion of fast progressors

c

c

c



Decrease of Pu
and ↓decline of eGFR
in the 1st year of the study, 
the effect was not sustained,

STOP-IgAN - 160 pts on RASB
randomized to IS or placebo

Older pts? 
Later stage of the disease?



Adverse events (impaired glucose tolerance and weight gain) 
more common on CS



ESRD, 
or eGFR loss40%,
or all-cause death

No difference in longterm outcome between CS- and supportive care only treated patients



Primary endpoint (ESRD, death, or 40% ↓ of eGFR) 
in 5.9% in CS-treated pts and 15.9% of pts on placebo (HR = 0.37) 

262 pts with Pu  1 g/d and eGFR 20‒120 mL/min/1.73m2

at least 3 mo of BP control with RAS blockade randomized to oral 
methylprednisolone  (0.6‒0.8 mg/kg/day) or placebo with 
subsequent weaning in 4‒6 mo

Primary composite outcome: 
ESRD, death due to kidney failure, 
or a 40% decrease of eGFR

TESTING trial of oral methylprednisolone

BP, blood pressure; CS, corticosteroid; eGFR, estimated glomerular filtration rate; ESRD, end stage renal disease; HR, hazard ratio; mo, months; Pu, proteinuria; RAS, renin-angiotensin system.
Lv J et al. JAMA. 2017;318(5):432−42.



Time from randomization to
first serious adverse event

TESTING trial of oral methylprednisolone

CS, corticosteroid; FU, follow-up; SAE, serious adverse events.
Lv J et al. JAMA. 2017;318(5):432−42; Lv J et al. Late-breaking clinical trial presentation at ASN Kidney Week 2021, Abstract FR-OR61.

Recruitment was discontinued after 2.1 yr of median FU because of excess SAE in CS-treated group 
(14.7% vs. 3.2%, p = 0.01), mostly due to serious infections (8.1% vs. 0%), including 2 deaths

Following early termination, the trial 
continued as the TESTING Low Dose trial 
in which the methylprednisolone dose 
was reduced and prophylactic antibiotics 
were added

The incidence of SAEs was lower in the 
Reduced vs Full Dose regimens

• Reduced Dose: 7 SAEs with CS 
versus 3 with placebo

• Full Dose: 30 SAEs with CS versus 
5 with placebo



KDIGO 2021 Clinical Practice Guideline on 
Glomerular Diseases

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; eGFR, estimated glomerular filtration rate; GN, glomerulonephritis; IgA, immunoglobulin A; 
IgAN, immunoglobulin A nephropathy.
KDIGO Glomerular Diseases Work Group. Kidney Int. 2021;100(4S):S1–276.



With increasing understanding of the pathogenesis of 
IgAN treatment should be more targeted

Hit 1 Hit 2

Hit 3

Hit 4

IgA1-specific protease

• Gut mucosa modulation: targeted-release budesonide
• Inhibitors of BAFF/APRIL: atacicept, blisibimod
• Spleen tyrosine kinase inhibitor: fostamatinib
• Proteosome inhibitor: bortezomib

• Complement modulation: 
• Avacopan (C5a)
• OMS721 (lectin pathway)
• Iptacopan (LNP023) (alternative pathway)

• Corticosteroids: Corticotropin /prednisolone
• Spleen tyrosine kinase inhibitor: fostamatinib
• IgA1-specific protease
• Sparsentan
• Dapagliflozin

APRIL, a proliferation-inducing ligand; BAFF, B cell-activating factor; CFHR, complement factor H–related protein family; DEFA, alpha defensin; GFR, glomerular filtration rate; 
HORMAD, HORMA domain-containing protein; IgA1, immunoglobulin A1; IgG, immunoglobulin G; MHC, major histocompatibility complex; TNFSF, tumor necrosis factor superfamily.
Kiryluk K et al. Annu Rev Med. 2013;64:339–56.



Complement activation in IgA Nephropathy

C

Haas M, et al. J Nephrol. 2005
Roos A, et al. J Am Soc Nephrol. 2006

Rosenblad, T, et al. Pediatr Nephrol. 2014
Tortajada A, et al. Mol Immunol. 2019



Pathways Compounds %

Alternative Bb 86.7%

Lectin

MBL 40.0%

L-Ficolin 55.0%

Collectin 11 36.7%

MASP2 58.3%

MASP1/3 48.3%

Classical C1q 15.0%

CL 11 MBL L-Ficolin

C1q

MASP 2 MASP 1 /3

C4d BbC3c MAC

Complement compounds: 
IF Staining in 60 pts with IgAN 

Pathways Compounds %

Classical
+Lectin

C4d 66.7%

Centre C3c 96.7%

End MAC 96.7%

Complement activation in IgA Nephropathy

400X400X



Severe glomerular C3 deposition associated with 
severe  renal lesions and poor prognosis

Severe glomerular C3 deposition associated with mesangial hypercellularity (M1), segmental 
glomerulosclerosis (S1), tubular atrophy/interstitial fibrosis (T2), crescents (C2) and was 

independent predictor of serum creatinine doubling and/or kidney failure

C£, complement 3; ESKD, end-stage kidney disease; PAS, periodic acid–Schiff.
Wu J et al. Histopathology. 2021;78(6):882–95.



Factor Ba levels correlate with proteinuria and 
impaired renal function in IgAN

Plasma levels of Ba positively correlated with proteinuria and negatively with kidney function
Positive staining for Bb demonstrated also in the kidney in IgAN, but not in FSGS

Plasma factor Ba in IgAN, FSGS
patients and normal subjects

Relationship between 
factor Ba and UPCR

Relationship between 
factor Ba and eGFR

eGFR, estimated glomerular filtration rate; FSGS, focal segmental glomerulosclerosis; IgAN, immunoglobulin A nephropathy; UPCR, urine protein/creatinine ratio.
Chiu Y-L et al. Front Immunol. 2021;12:638309.



C3

Is lectin pathway activation important in IgA nephropathy?



Malliard N, et al. J Am Soc Nephrol. 2015;  Roos A, et al. J Am Soc Nephrol. 2006; Hiemstra PS, et al. Eur J Immunol. 1987

Is lectin pathway activation important in IgA nephropathy?

Mesangial
proliferation

Crescents



Glomerular C4d Deposition and Kidney Disease Progression in IgA Nephropathy: 
A Systematic Review and Meta-analysis

46 duplicate studies 
excluded

186 articles found
57 PubMed

129 EMBASE

140 abstracts screened

124 excluded
7: repeated studies
29: not original study
(eg, review 19,Editorial 4，
Erratum 2,others 4)
24: case report
47: not IgA nephropathy 
(eg lupus nephritis, renal 
transplant, sjogren’s 
syndrome)

Full-text analysis
(n=33)

21 excluded
19: not C4d/C4d control
2: No relevant outcomes 

12 studies with
1251 patients

Study 

Caucasian

Espinosa, M.2014
Fabiano, R. C. G.2017
Faria, B.2015
Heybeli, C.2015
Roos, A.2006
Sahin, O. Z.2014
Segarra, A.2018
Wagrowska.D.M.2017
Subtotal (95% CI)

Asian

Baek, H. S.2018
Maeng, Y. I.2013
Nam, K. H.2020
Sato, Y.2019
Subtotal (95% CI)

Total (95% CI)

Heterogeneity: P < 0.00001; I² = 86%

Test for subgroup differences: (P = 0.22), I² = 32.1%

N

283
47
74
37
60
33
190
43

56
23
380
25

Weight

10.2%
8.5%
8.8%
7.2%
8.8%
7.2%

10.2%
8.1%

69.1%

8.1%
6.0%

10.6%
6.2%

30.9%

100.0%

C4d-positive (%)
ES, 95% CI

0.39 [0.33, 0.44]
0.21 [0.10, 0.33]
0.34 [0.23, 0.45]
0.43 [0.27, 0.59]
0.25 [0.14, 0.36]
0.33 [0.17, 0.49]
0.20 [0.14, 0.26]
0.26 [0.13, 0.39]
0.30 [0.23, 0.36]

0.55 [0.42, 0.68]
0.57 [0.36, 0.77]
0.19 [0.15, 0.23]
0.56 [0.37, 0.75]
0.46 [0.21, 0.71]

0.34 [0.27, 0.41]

-1 -0.5 0 0.5 1

767

484

1251

The prevalence of glomerular C4d deposition in IgA nephropathy

Jiang et al.: Kidney Medicine, 2021



Associations between 
glomerular C4d deposition 
and  Clinicopathological 
characteristics in IgA 
nephropathy

Glomerular C4d Deposition and Kidney Disease Progression in IgA Nephropathy: 
A Systematic Review and Meta-analysis

Oxford Classification N with lesions Total M-H, Random, 95% CI

C4d-positive Risk Ratio

M1 lesions 202 (65%) 312 298 (38%) 782 1.50 [1.12, 1.99]

E1 lesions 78 (26%) 301 109 (14%) 760 1.65 [1.23, 2.22]

S1 lesions 139 (45%) 312 289（37%） 782 1.50 [1.12, 1.99]

T1+2 lesions 160（51%） 312 155（20%） 782 2.53 [1.81, 3.53]

0.01 0.1 10 100

N with lesions Total

C4d-neagtiveB

1

Clinical Characteristics IV, Random, 95% CIC4d-positive (N)

Mean Difference

C4d-negative (N)

Estimated GFR 301 750 -11.48 [-18.27, -4.70]

24h urine protein excretion 146 254 0.99 [0.50, 1.47]

Urine protein creatinine ratio 155 496 0.87 [0.53, 1.21]

-20 0 10 20-10

A

(p < 0.001 )

(p < 0.001 )

(p < 0.001 )

(p = 0.006 )

(p < 0.001 )

(p = 0.006 )

(p < 0.001 )

Jiang et al.: Kidney Medicine, 2021



C4d deposits on the kidney progression events

Study

Espinosa 2014

Fabiano 2017

Faria 2015

Nam 2020

Sahin 2014

Overall (I² = 32%, p=0.21)

N
IV, Random, 95% CI

3.85 [2.31, 6.43]

5.95 [2.49, 14.22]

2.40 [1.15, 5.01]

2.45 [1.82, 3.31]

4.67 [1.49, 14.63]

3.17 [2.29, 4.40] (p<0.001)

0.1 1 10
Favours C4d positive Favours C4d negative

Overall (I² = 0% , p=0.80)

283
47

74

380
33

Espinosa2014

Fabiano 2017

Nam 2020

Sahin 2014

283

47

380

33

3.85 [2.31, 6.43]

11.10 [1.29, 95.54]
4.61 [2.88, 7.36]

4.67 [1.49, 14.63]

4.37 [3.15, 6.07] (P<0.001)

Risk Ratio

2.05 [1.53, 2.76](p<0.001) 

Composite end points

817
Adjusted HR (I² = 0%, p=0.42) 974

ESRD

743

Glomerular C4d Deposition and Kidney Disease Progression in IgA Nephropathy: 
A Systematic Review and Meta-analysis

Jiang et al.: Kidney Medicine, 2021



Some ongoing clinical trials in IgA nephropathy

NEFIGARD1 targeted-release budesonide

BION-13012 anti-APRIL antibody

ORIGIN3 atacicept (soluble receptor inhibiting BAFF and APRIL)

ARTEMIS4 narsoplimab (MASP-2 inhibitor – lectin complement pathway)

APPLAUSE-IgAN5 iptacopan (factor B inhibitor – alternative complement 
pathway)

PROTECT6 sparsentan (combined AT1R  and ETAR inhibitor)

ALIGN7 atrasentan (ETAR inhibitor)

APRIL, a proliferation-inducing ligand; AT1R, angiotensin 1 receptor; BAFF, B cell-activating factor; ETAR, endothelin A receptor; MASP-2, mannose-binding protein-associated serine protease 2.
1. https://clinicaltrials.gov/ct2/show/NCT03643965; 2. https://clinicaltrials.gov/ct2/show/NCT03945318; 3. https://clinicaltrials.gov/ct2/show/NCT04716231; 
4. https://clinicaltrials.gov/ct2/show/NCT03608033; 5. https://clinicaltrials.gov/ct2/show/NCT04557462; 6. https://clinicaltrials.gov/ct2/show/NCT03762850; 
7. https://clinicaltrials.gov/ct2/show/NCT04573478; All accessed: January 6, 2022.



Conclusions

• Complement inhibition is treatment of choice in atypical HUS

• Complement inhibition may replace corticosteroids in AAV

• Inhibition of alternative or lectin pathway may improve the course
of progressive IgA nephropathy

• Complement inhibition is currently tested also in C3 glomerulopathy
and membranous nephropathy



Thank you for your attention




