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ABSTRACT 

Immunoglobulin A nephropathy ( IgAN ) is the most common primary glomerulonephritis worldwide. Recent years have 
witnessed significant improvements in the understanding of the pathogenesis of IgAN and particularly, the pathogenic 
role of complement activation. The alternative complement pathway is the major complement cascade activator in 

IgAN, and glomerular C3 deposition has been shown to correlate with disease progression. In addition, several studies 
have provided insight into the pathogenic role of factor H–related proteins -1 and -5 in IgAN, as independent players in 

complement dysregulation. The lectin pathway has also been shown to be associated with the severity of IgAN. 
Glomerular deposition of C4d has been associated with increased histologic disease activity, faster decline in estimated 
glomerular filtration rate and higher risk of kidney failure. On the other hand, although overlooked in the Oxford 
classification, numerous studies have shown that the coexistence of thrombotic microangiopathy in IgAN is a significant 
indicator of a poorer prognosis. All the breakthroughs in the understanding of the contributing role of complement in 

IgAN have paved the way for the development of new complement-targeted therapies in this disease. Several ongoing 
trials are evaluating the efficacy of new agents against factor B ( iptacopan, Ionis-FB-L RX ) , C3 ( pegcetacoplan ) , factor D 

( vemircopan, pelecopan ) , C5 ( ravulizumab, cemdisiran ) and C5a receptor 1 ( avacopan ) . In this study, we provide a 
comprehensive review of the role of complement in IgAN, including the emerging mechanisms of complement 
activation and the promising potential of complement inhibitors as a viable treatment option for IgAN. 
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production of gd-IgA1 ( first hit ) , followed by the overproduction 
of autoantibodies that specifically recognize gd-IgA1 ( second 
hit ) , and the formation of circulating immune complexes com- 
posed of gd-IgA1 and anti-gd-IgA1 autoantibodies ( gd-IgA-IC ) . 
The deposition of these immune-complexes in the mesangium 

( third hit ) induces mesangial proliferation and glomerular in- 
flammation ( fourth hit ) [ 5 , 6 ]. 

In the following sections we review the role of complement in 
IgAN, thrombotic microangiopathy ( TMA ) in IgAN patients, and 
the future landscape for the use of complement inhibitors in the 
management of IgAN. 
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NTRODUCTION 

mmunoglobulin A nephropathy ( IgAN ) , first described in 1968 
 1 ], is the most common primary glomerulonephritis worldwide 
n patients undergoing kidney biopsy [ 2 ]. IgAN is an autoimmune 
isease characterized by abnormal synthesis and glycosylation 
f IgA1, resulting in increased circulating levels of galactose- 
eficient IgA1 ( gd-IgA1 ) [ 3 , 4 ]. Multiple genetic, ethnic and en- 
ironmental factors contribute to and modulate kidney damage.
he currently accepted model of IgAN pathogenesis is the “four- 
it” model [ 4 ] ( Fig. 1 ) . This “four-hit hypothesis” starts with the 
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Figure 1: Graphical illustration of the multi-hit hypothesis. ( A ) The production of mucosal IgA may be induced by T-cell-dependent or T-cell-independent mechanisms. 
The secretion of several cytokines such as interleukin-6, interleukin-10, B-cell activation factor of the TNF family ( BAFF ) and a proliferation-inducing ligand ( APRIL ) by 
dendritic cells induce B cells to undergo class switching recombination from IgM to IgA1. IgA-secreting plasma cells migrate to the mucosal lamina propria and release 

dimeric IgA1 into the lumen. Some misdirected IgA-secreting cells are released to the systemic compartment where they take up residence in systemic sites and secrete 
poorly O-galactosylated IgA1 to systemic circulation. Several genetic and environmental factors may predispose IgA patients to mount abnormal immune responses to 
certain common pathogens.This genetic background can also modulate the IgAN phenotype. ( B ) Specific reactive IgG and IgA antibodies against gd-IgA1 are formed and 
ultimately result in immune complex formation. This can induce complement activation. ( C ) Immune complexes get trapped in the mesangium through an increased 

affinity of gd-IgA1 for extracellular matrix components and trigger inflammatory pathways, which result in glomerular injury and tubulointerstitial scarring. 
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OLE OF COMPLEMENT IN I g AN 

ATHOGENESIS 

issue deposition of gd-IgA1-IC can trigger local complement ac- 
ivation, but how this occurs is not well understood [ 7 ]. Comple-
ent activation ( local and systemic ) in IgAN patients was de-
cribed five decades ago [ 8 ], although its pathogenic significance
as not immediately recognized. 
The complement system is an important component of in- 

ate immunity and can be activated through three different 
athways [ 9 ]: the classical pathway ( CP ) , lectin pathway ( LP ) and
lternative pathway ( AP ) , all of them converging in the terminal
athway ( TP ) . Several studies have provided evidence for activa- 
ion of AP, LP and TP as effector mechanisms of kidney injury
n IgAN [ 10 , 11 ]. It should be noted that AP plays an important
ole in complement amplification even when other pathways are 
rimarily activated. Conversely, the absence of C1q in most IgAN 

idney biopsies suggests that CP is not significantly involved in
ts pathogenesis [ 11 ] ( Fig. 2 ) . 
lternative pathway 

he AP is the main activator of the complement cascade in IgAN,
nd is primarily responsible for C3 deposition. Glomerular C3 de-
osition may be observed in 71%–100% ( ∼90% ) of IgAN patients
 7 ]. Glomerular C3 deposits correlate with progression of the dis-
ase, and may help differentiate IgAN from those isolated and
symptomatic deposits of IgA ( “lanthanic IgA”) found in up to
%–16% of the population [ 12 ]. Other AP components and reg-
lators such as complement factor H ( FH, 30%–90% ) , properdin
 75%–100% ) and FH-related proteins ( FHR ) are also found in kid-
ey biopsies of IgAN patients [ 10 , 13 ]. Serum C3 levels are charac-
eristically normal in IgAN, although some studies have shown
hat increased plasma concentrations of C3 activation markers,
uch as C3b, C3dg and iC3b, are associated with worse kidney
rognosis [ 14 , 15 ]. Likewise, a high serum IgA/C3 ratio is corre-
ated with poorer kidney survival [ 16 , 17 ]. 

Factor B is a crucial cofactor for C3 activation and for AP ac-
ivity. A positive correlation has been observed between plasma
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Figure 2: The complement system. Diagram of the two main activation pathways in IgAN, which eventually converge in the terminal pathway with the formation of 

the membrane attack complex. The main regulatory factors at each stage are represented. C4BP : C4-binding protein; CR1 : complement receptor type 1; DAF : decay 
accelerating factor; MCP : membrane cofactor protein. 
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evels of factor Ba and levels of gd-IgA1, whereas a negative cor- 
elation was found between factor Ba and kidney function [ 18 ].
n this study, immunosuppressive treatment induced a rapid de- 
rease of factor Ba, C5a and Gd-IgA1, accompanied by a decrease 
n proteinuria and stabilization of kidney function [ 18 ]. However,
hen evaluating variations in the levels of different AP factors,

t should be considered that this pathway can be secondarily ac- 
ivated after a primary activation of the LP. 

Membrane cofactor protein ( MCP; CD46 ) is one of the most 
mportant membrane-bound complement regulators [ 19 ]. A sig- 
ificant correlation between lower expression of CD46 messen- 
er RNA in peripheral white blood cells and estimated glomeru- 
ar filtration rate ( eGFR ) decline has been reported in patients 
ith IgAN enrolled by the European collaborative study group 
alidation of the Oxford Classification of IgAN ( VALIGA ) [ 20 ]. 
Important recent contributions have provided insight into 

he pathogenic involvement of FHR1 and FHR5 in IgAN [ 21 , 22 ].
he interplay between FH and the different FHRs provides a so- 
histicated network that regulates AP activation in a context- 
ependent manner [ 23 ]. FHRs modulate the regulatory effect of 
H by competing with ligands, resulting in complement activa- 

ion on cell surfaces. d
Genome-wide association studies have identified protective 
ssociations for IgAN within the CFH locus on chromosome 1q32.
eletion of CFHR1 and CFHR3 genes ( delCFHR1-3 ) is associated 
ith protection against IgAN and may partly explain the geo- 
raphical distribution of this disease [ 24 –26 ]. An association be- 
ween delCFHR1-3 and reduced glomerular immune deposits has 
een reported in a large cohort of white IgAN patients, although 
o association with CKD progression was found [ 27 ]. Two inde-
endent studies showed that FHR1 plasma levels were signifi- 
antly higher in IgAN patients than in controls, and the authors 
lso observed a negative correlation between FHR1 levels and 
GFR [ 21 , 22 ]. Plasma levels of FHR5 were higher in IgAN pa-
ients than in controls in two large cohorts from Europe and 
sia. In addition, serum FHR5 levels correlated with histolog- 
cal markers of kidney damage in both cohorts [ 15 , 17 ]. FHR1
nd FHR5 have been observed in kidney biopsies of IgAN with 
omplement-activating products, suggesting that they are im- 
ortant and independent players in AP dysregulation [ 3 ]. No- 
ably, it has been reported that IgAN patients receiving a kidney 
raft and carrying two copies of CFHR1-3 had a worse graft out- 
ome, with increased glomerular and tubulo-interstitial FHR1 
eposits [ 28 ]. 
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The mechanism underlying IgA-induced AP activation is 
oorly understood, but IgA polymerization appears to be criti- 
al ( polymeric but not monomeric IgA ) [ 29 ]. Hence, it remains a
hallenge to unravel the precise mechanisms linking glomeru- 
ar IgA1 deposition to complement activation, inflammation and 
he spectrum of clinical features encompassed by IgAN. 

ectin pathway 

he LP is activated by the binding of pattern recognition
olecules, including mannan-binding lectin ( MBL ) , ficolins and 
ollectins, to pathogen-associated molecular patterns [ 9 ] ( Fig. 2 ) .
gA and the LP are important mediators of innate immunity in
he respiratory and gastrointestinal tracts. Glomerular deposi- 
ion of the LP is associated with IgAN severity. In a European co-
ort of 60 patients with IgAN, glomerular deposition of MBL and
-ficolin was associated with more severe histologic damage as 
videnced by increased mesangial proliferation, extracapillary 
roliferation, sclerosed glomeruli and interstitial infiltration, to- 
ether with significantly increased proteinuria [ 30 ]. 

Mesangial deposition of C4, and particularly C4d activa- 
ion fragment, has been identified in kidney biopsies from 

atients with progressive IgAN, reflecting LP activation. Two 
ell-characterized studies showed that positive glomerular C4d 
taining was a significant predictor of kidney failure [ 31 , 32 ].
pecifically, the authors found that glomerular deposition of C4d 
as associated with increased histologic disease activity, a more 
apid decline in eGFR and, consequently, a higher risk of kidney
ailure [ 31 , 32 ]. A systematic review and meta-analysis of stud-
es about C4d deposition in IgAN concluded that glomerular C4d
eposits are associated with worse clinical and histologic char- 
cteristics, and are an independent risk factor for end-stage kid-
ey disease ( ESKD ) in IgAN [ 33 ]. 
On the other hand, circulating MBL and mannan-binding 

ectin–associated serine protease-3 ( MASP-3 ) levels have been 
ssociated with disease outcomes in IgAN, although the infor- 
ation is still limited and controversial [ 34 –36 ]. An association
etween higher urinary C4d/creatinine levels and higher pro- 
einuria, more severe MEST scores and higher risk of developing
SKD has been reported [ 37 ]. 

erminal pathway 

he TP also appears to be important in the pathogenesis of
gAN. C5b-9 deposition is associated with kidney inflammation 
nd progression of glomerulosclerosis [ 38 ] and mesangial C5b-
 staining correlates significantly with mesangial C3 fragments 
 36 ]. In addition, glomerular deposition of C5b-9 may contribute
o podocyte damage and the subsequent development of pro- 
einuria [ 39 ]. 

In summary, a larger and more intense deposition of 
he different complement components correlates with worse 
idney prognosis ( lower eGFR, more proteinuria and more his- 
ologic damage ) in IgAN. However, it is difficult to obtain all
hese histologic markers in routine clinical practice. C3 de- 
osition is virtually universal, but deposition of the remain- 
ng complement proteins is less homogeneous. An open ques- 
ion remains as to whether new complement-targeted therapies 
hould be selected based on the presence or absence of these
istologic markers. In addition to the prognostic implications 
f complement deposits, plasma levels of complement proteins,
egulators and complement activation products could become 
aluable biomarkers of clinical application in IgAN. The uri- 
ary excretion of complement factors could also be a useful
iomarker to monitor complement activation in glomerular dis-
ases [ 40 , 41 ], although conclusive studies are needed in this
egard. 

MA IN I g AN AND ITS RELATIONSHIP WITH 

OMPLEMENT HYPERACTIVITY 

hrombi occluding the glomerular capillaries and/or kidney 
rterioles, together with mesangiolysis, endothelial swelling,
nd intimal thickening and concentric lamination ( onion skin
esions ) of the arterioles, are the most frequently observed TMA
esions [ 42 –44 ]. Different studies have reported microangiopa-
hy ( without glomerular or arteriolar thrombi ) , or TMA in kidney
iopsies of IgAN patients. The proportion of biopsies showing
hese lesions oscillates between 2% and 50% [ 45 –55 ] and the rea-
ons underlying such differences are not clear. 

Since TMA and vascular lesions are not included in the Ox-
ord pathologic classification, there is a lack of systematic re-
ort and analysis of these lesions in IgAN, but they seem to be
imilar to those found in other causes of TMA [ 47 ]. Despite the
elatively high prevalence of TMA in IgAN, the percentage of pa-
ients presenting laboratory evidence of TMA ( microangiopathic 
emolytic anemia, thrombocytopenia, elevated lactate dehydro- 
enase, decreased or undetectable serum haptoglobin, schisto- 
ytes in peripheral blood smear ) seems to be low compared with
ther entities causing TMA [ 56 ], and the reason for this discrep-
ncy is not clear. 

From a clinical standpoint, patients with TMA have a more
ggressive presentation [ 45 –55 ]: greater proteinuria, worse kid-
ey function and, particularly, much more pronounced hyper-
ension, which in many cases meets the defining criteria of
alignant hypertension ( extremely high blood pressure accom- 
anied by bilateral retinal flame-shaped hemorrhages and/or 
xudates with or without papilledema ) . In fact, it has been
hown that IgAN is a relatively frequent cause of malignant hy-
ertension [ 56 ]. 
The finding of TMA lesions in IgAN patients has a signifi-

ant impact on kidney outcomes [ 45 , 46 , 48 –50 ] and the prog-
osis is particularly dismal in patients presenting with malig-
ant hypertension [ 51 , 56 ]. A severe kidney function impairment
t presentation is common and, in a substantial proportion of
ases, blood pressure control is not accompanied by a recovery
f kidney function. Some studies have reported ESKD rates of
ore than 50% at 5 years [ 45 , 46 , 48 , 49 ], with some patients

eaching ESKD even faster, in a few months [ 50 ]. Immunosup-
ressive drugs do not seem to modify the unfavorable prognosis
f IgA patients with TMA [ 50 ], although no controlled studies
ave been performed. Blockade of complement terminal com-
lex with eculizumab and plasma exchange have been tried in
ome patients with disparate results [ 57 –59 ]. These are, however,
necdotal clinical case reports. Table 1 summarizes the most im-
ortant studies on TMA in IgAN. 
Severe hypertension has been traditionally considered as 

 cause of TMA [ 60 ]. However, recent studies have shown
hat many patients with kidney TMA-like primary and sec-
ndary atypical hemolytic uremic syndromes ( entities in which
omplement dysregulation plays a crucial pathogenic role ) or
cleroderma renal crisis present with severe and malignant
ypertension [ 61 –63 ]. In this view, severe hypertension would be
 manifestation of TMA, and not its cause. A similar mechanism
ould be invoked to explain the frequent finding of severe and
alignant hypertension in IgAN patients with TMA lesions

n the kidney biopsy, considering that recent studies have
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Table 1: Summary of studies addressing TMA lesions in IgAN patients, and the reported outcomes. 

TMA Hypertension in patients Malignant hypertension in ESKD in patients 
Reference N ( % ) with TMA ( % ) patients with TMA ( % ) with TMA ( % ) 

Neves et al. [ 46 ] 118 18 100 71 a 

Zhang et al. [ 48 ] 1683 26 28 b 

El Karoui et al. [ 45 ] 128 53 71 26 48 c 

Chua et al. [ 53 ] 128 18 77 8 49 d 

Faria et al. [ 52 ] 126 29 
Chang et al. [ 50 ] 435 2.3 100 60 60 e 

Cai et al. [ 49 ] 944 20 67 10 39 f 

a ESKD: kidney replacement therapy requirement. Median follow-up 65 months. 
b ESKD or 50% reduction in renal function. Mean follow-up 40 months. 
c Mean follow-up 44 months. 
d Kidney replacement therapy required. Median follow-up 48 months. 
e Kidney replacement therapy required. 
f ESKD: a > 50% reduction in eGFR, ESKD or death. Median follow-up 50 months. 
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uggested a role of complement dysregulation in IgAN- 
ssociated TMA. 

A more intense deposition of C4d, C3d and C5b-9 has been 
escribed in IgAN patients with TMA as compared with patients 
ith other types of vascular lesions or patients without histo- 

ogical vascular damage lesions [ 53 , 54 ]. Complement deposits,
articularly C4d, were preferentially arteriolar in IgAN patients 
ith TMA lesions, and a significant association between C4d de- 
osition in kidney arterioles and the presence of vascular le- 
ions has been reported [ 52 , 54 ]. On the other hand, potentially 
athogenic rare variants in complement genes have been re- 
orted in IgAN patients with microangiopathic lesions and in 
gAN patients presenting with malignant hypertension [ 54 , 56 ]. 

However, it should be noted that poorly galactosylated IgA 

an itself cause direct endothelial damage [ 47 ], and that pa- 
ients with IgAN with microangiopathic lesions had higher lev- 
ls of galactose-deficient IgA than patients without this type of 
ascular lesion [ 54 ]. A genetically determined predisposition to 
omplement activation could amplify the endothelial damage 
nitiated by an aberrant circulating IgA [ 10 , 47 , 54 ]. In this com-
lex interplay between abnormal circulating IgA and activated 
omplement, the coagulation cascade also plays a pathogenic 
ole. Endothelial damage caused by C5b-9 increases the lo- 
al production of von Willebrand factor which contributes to 
latelet activation and thrombus formation [ 47 ]. 
Overall, although vascular lesions are neglected in the Ox- 

ord classification, cumulative data suggest that the presence 
f TMA constitutes a poor prognostic marker in IgAN and that 
omplement hyperactivity plays an important role in the patho- 
enesis of these vascular lesions. IgAN patients with TMA, and 
articularly those presenting with severe and malignant hyper- 
ension accompanying these vascular lesions, may be priority 
andidates for the complement blockers currently being evalu- 
ted in this disease. Studies specifically focused on this subset 
f IgAN patients are needed. 

OMPLEMENT-TARGETED THERAPIES IN I g AN 

he dramatic improvements in the understanding of the role of 
omplement in IgAN in recent years—as summarized above—
ave paved the way for the development and use of new 

omplement-targeted therapies in this disease. To date, sev- 
ral ongoing trials are evaluating the safety and efficacy of sev- 
ral anti-complement agents in IgAN [ 64 ], and the main targets 
nclude MASP-2, factor B, factor D, C3, C5 and C5a receptor 1 
 C5aR1 ) [ 7 ] ( Table 2 , Fig. 3 ) . While definitive results from ongoing
rials are still awaited, preliminary information have been made 
vailable. 

The increasingly recognized role of the LP in the pathogen- 
sis of IgAN [ 30 , 65 , 66 ] has provided rationale for evaluating
n agent against MASP-2, the effector enzyme of this pathway.
arsoplimab ( OMS721 ) is a fully humanized IgG4 monoclonal 
ntibody to MASP-2 that inhibits the LP, allowing C3 activation 
hrough the CP or AP. 

Narsoplimab was evaluated in a phase 2 study ( NCT02682407 ) 
hat assessed the safety and effectiveness of this agent in the 
isease [ 67 ]. This trial included two substudies: Substudy 1 was
 single-arm open-label study that enrolled 4 patients with 
orticosteroid-dependent IgAN who received corticosteroids ( at 
 dose > 10 mg/day ) for at least 12 weeks, and then received nar-
oplimab infusions once weekly for 12 weeks ( during which cor- 
icosteroid doses were tapered down ) ; and Substudy 2 enrolled 
2 patients who were not receiving corticosteroids, and patients 
ere randomized 1:1 to receive once-weekly narsoplimab or ve- 
icle infusions for 12 weeks. After 6 weeks of follow-up, both 
ubstudy 2 groups could continue in an open-label extension,
eceiving one or more narsoplimab courses at the investigator’s 
iscretion. Patients enrolled in Substudy 1 achieved a protein- 
ria reduction ranging from 54% to 95% compared with baseline,
t Week 18. Conversely, in Substudy 2, proteinuria reduction was 
imilar between narsoplimab and placebo at Week 18, although 
ight patients who continued the extension study showed a me- 
ian proteinuria reduction of 61%, suggesting a potential benefit 
n IgAN. 

Narsoplimab was being evaluated in a phase 3 ran- 
omized, double-blind, placebo-controlled study ( ARTEMIS-IgA 

ephropathy trial, NCT03608033 ) [ 68 ], which initially planned 
o recruit 450 patients ( 225 per arm ) with biopsy-proven IgAN,
 proteinuria > 1 g/day and eGFR ≥30 mL/min/1.73 m 

2 . Patients 
ere randomized 1:1 to weekly intravenous narsoplimab or 
lacebo during an initial treatment period ( Weeks 1–12 ) and,
ased on proteinuria response, patients were monitored or re- 
eived additional 6-week blinded treatment during the response 
valuation period ( Weeks 13–36 ) . The primary endpoint was the 
hange in proteinuria from baseline at 36 weeks. However, the 
rial was discontinued in 2023, as treatment with narsoplimab 
id not result in a statistically significant reduction in protein- 
ria compared with placebo. 
Selective inhibition of the AP is also being evaluated in IgAN 

atients, as a key driver of glomerular inflammation [ 64 ]. Among 
he agents, two drugs that specifically target factor B are cur- 
ently being tested. Iptacopan ( LNP023 ) is a selective and highly 
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Figure 3: Landscape of complement inhibitors currently evaluated by ongoing clinical trials in IgAN and their site of action. 
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otent oral drug that binds to the active site of factor B, pre-
enting the activation of this pathway and its amplification 
oop [ 69 ]. 

Iptacopan was evaluated in a phase 2 study ( NCT03373461 ) 
hat enrolled IgAN patients with proteinuria ≥0.75 g/day [ 70 ].
he study comprised two parts: Part 1 which enrolled 46 pa-
ients for a 3-month period; and Part 2 which enrolled 66 pa-
ients for a 6-month period. Patients were randomized to one of
he four iptacopan arms [10, 50, 100 ( in Part 2 only ) and 200 mg
wice daily] or placebo. Sustained AP inhibition was observed 
ith all doses of iptacopan and no serious infections occurred.
 reduction of proteinuria was observed from baseline up to
 months in the twice-daily iptacopan 200 mg arm by up to
0% and at least 28% versus placebo [ 70 ]. An ongoing phase 3
rial ( APPLAUSE-IgA Nephropathy trial, NCT04578834 ) will ana- 
yze the efficacy and safety of iptacopan compared with placebo
n proteinuria reduction ( primary outcome at 9 months ) , and
lowing disease progression in IgAN patients ( annualized eGFR 
lope over 24 months ) . 

The other anti–factor B agent also under investigation is 
ONIS-FB-L RX ( NCT04014335 ) , an oligonucleotide targeting the 
omplement factor B gene ( CFB ) , thereby reducing circulating 
evels of complement factor B. This is a phase 2, single arm open-
abel clinical study in up to 25 participants that consists of a
4-week treatment period, an optional treatment extension pe- 
iod of up to an additional 48 weeks, and a 12-week post-
reatment follow-up evaluation period. The main outcome is
roteinuria reduction. Preliminary results revealed in abstract 
orm showed selective reduction of plasma factor B levels and
erum AP activity, together with a proteinuria reduction of –
.09 g/day corresponding to a 44% reduction. 

Selective inhibition of C3 is also being tested in IgAN.
egcetacoplan ( APL-2 ) is a subcutaneous compstatin derivative 
hich blocks C3 preventing the generation of C3b [ 71 ]. Pegc-
tacoplan ( Empaveli TM ) has already been approved for parox-
smal nocturnal hemoglobinuria and, in fact, recent reports
uggest that this agent may provide clinical benefits as first-
ine treatment compared with ravulizumab or eculizumab [ 72 ,
3 ]. Pegcetacoplan is currently being evaluated in IgAN, in a
hase 2 study ( NCT03453619 ) which aims to assess the safety
nd efficacy in terms of proteinuria reduction from baseline to
eek 48. 
Selective inhibition of factor D is another target that is be-

ng investigated in IgAN, as well as in other glomerular/systemic
iseases. Factor D is a serine protease largely produced in
dipocytes and, due to its low serum concentrations, repre-
ents the limiting enzyme in the activation sequence of the
P [ 74 ]. Two compounds are currently being tested. Pelecopan
 BCX9930 ) , a selective oral factor D inhibitor, has been evalu-
ted in a proof-of-concept basket study ( NCT05162066 ) in pa-
ients with IgAN, membranous nephropathy or C3 glomerulopa-
hy [ 75 ]. The trial was stopped at the sponsor’s decision and no
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esults are available at the time of writing. On the other hand,
emircopan ( ALXN2050 ) is currently being evaluated in an on- 
oing phase 2 trial including patients with IgAN and prolifera- 
ive lupus nephritis ( NCT05097989 ) . This study is designed to as- 
ess the safety and efficacy, with the change in proteinuria from 

aseline to Week 26, as the primary endpoint. 
While results with eculizumab, a humanized monoclonal 

ntibody that selectively inhibits C5, in IgAN have been in- 
onsistent [ 76 –78 ], a newer long-acting C5-inhibitor named 
avulizumab is currently being evaluated in IgAN a phase 2 study 
 NCT04564339 ) . The primary outcome of this study is percentage 
roteinuria change from baseline to Week 26. 
Moreover, a small-interfering RNA that suppresses liver pro- 

uction of C5, cemdisiran ( ALN-CC5 ) , is also being tested in IgAN 

n a phase 2, randomized, double-blind, placebo-controlled trial 
 NCT03841448 ) . 

Finally, the potential efficacy of C5aR1 blockade is also being 
valuated in IgAN. Evidence on the deleterious effects of kidney 
xpression of C3aR and C5aR1 in IgAN patients—in terms of both 
isease activity and severity of kidney injury—provide rationale 
or pharmacological blockade of these receptors [ 79 , 80 ]. 

An open-label phase 2 pilot trial evaluated the effects 
f avacopan in adult patients with biopsy-proven IgAN [ 81 ],
rinary protein:creatinine ratio ( UPCR ) > 1 g/g and an eGFR 
 60 mL/min/1.73 m 

2 . If the UPCR remained > 1 g/g after an 
-week run-in period, patients started avacopan 30 mg twice 
aily. Seven patients received avacopan: six of the seven patients 
ad numerical improvement in the UPCR during the avacopan 
reatment period, three of whom had a numerical improvement 
f about 50% at Week 12 [ 81 ]. These results in IgAN, although sig-
ificant, were more modest compared with those found in ANCA 

asculitis [ 82 ], although it is likely that the long-term effects of 
vacopan, avoiding or reducing corticosteroid exposure should 
e explored. 

In summary, all the breakthroughs in the understanding of 
he contributing role of complement in IgAN have led to the de- 
elopment of novel promising anti-complement therapies that,
ombined with other newer agents, will likely move the man- 
gement of IgAN towards a more personalized approach. On the 
ther hand, ongoing trials with the new complement blockers 
ill provide relevant information to compare the potential risks 
f each complement inhibition approach: individual blockade of 
he LP and AP, blockade of C3 or C5aR, or blockade of TP. 

ONCLUSIONS AND FUTURE PERSPECTIVE 

he last decade has seen dramatic improvements in our under- 
tanding of the pathogenesis underlying IgAN. Landmark stud- 
es have underpinned the pathogenic importance of comple- 
ent activation in IgAN—namely the AP and LP—which has 

ostered the development of newer complement-targeted ther- 
pies. However, despite the accumulation of data, several un- 
ertainties remain in both the management and monitoring of 
hese patients. The great heterogeneity in clinical presentation 
nd evolution of IgAN patients makes it difficult to cluster pa- 
ients into specific risk profiles of who would benefit the most 
rom these new therapeutic approaches. Hence, all these unmet 
linical challenges will require further research. 

In conclusion, all the breakthroughs in the understanding of 
gAN and the development of novel complement-targeted ther- 
pies are likely to usher in a new era of personalized treatment.
ith the advent of precision medicine, the possibilities for tai- 

ored approaches based on a patient’s individual characteristics 
ffer hope for improved outcomes in IgAN patients. 
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