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Introduction
Immunoglobulin-A (IgA) nephropathy 
(IgAN) is the most common primary 
glomerulonephritis (GN) in the world and 
one of the leading causes of kidney failure.1 

The diagnostic hallmark of IgAN is the 
predominance of IgA deposits, either 
alone or with IgG, IgM, or both, in the 
glomerular mesangium.2,3 The estimated 
incidence of IgAN is 0.2–5 per 100,000 
people per year.1 Its prevalence varies 
geographically and across ethnic/racial 
groups and is the highest in Asia, where 
IgAN accounts for 45% of primary GN 
cases.4,5 By contrast, the prevalence is 6–8% 
of primary GN cases in the Middle East.6 In 
India, IgAN prevalence is 16.5% and is the 
most commonly diagnosed primary GN; 
presentation is often severe, characterized 
by tubulointerstitial fibrosis and sclerosis.7-9 
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Abstract 
Immunoglobulin-A nephropathy (IgAN) is the most common primary glomerulonephritis 
in the world, with up to 40% of patients progressing to end-stage kidney disease (ESKD) 
within 30 years of diagnosis. IgAN is characterized by elevated serum levels of galactose-
deficient IgA1 (Gd-IgA1), which leads to immune complex formation and deposition in the 
glomerular mesangium, causing kidney injury. A diverse disease course and the long-term 
follow-up required for clinically relevant endpoints (e.g., ESKD) have been barriers to the 
development of novel therapies in IgAN. Disease management has focused on supportive 
care with inhibitors of the renin–angiotensin system and, more recently, sodium–glucose 
transporter inhibitors to control proteinuria. The recent acceptance of proteinuria as a 
surrogate endpoint by regulatory bodies and a better understanding of disease pathology 
have helped to initiate the development of several novel treatments. Subsequently, a 
targeted-release formulation of budesonide and a dual endothelin/angiotensin inhibitor 
(sparsentan) have received accelerated approval for patients with IgAN. However, 
additional therapies are needed to target the different pathogenic mechanisms and 
individualize patient care. Several compounds currently under investigation target various 
effectors of pathology. There are promising clinical results from emerging compounds that 
target the generation of Gd-IgA1 by B cells, including inhibitors of A PRoliferation-Inducing 
Ligand (APRIL) and dual inhibitors of APRIL and B-cell activating factor (BAFF). Other 
investigational therapies target the complement cascade by inhibiting proteins of the 
lectin or alternative pathways. As the therapeutic landscape evolves, it will be important 
to revise treatment guidelines and develop updated standards of care. 
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The progression of IgAN following initial 
clinical presentation also varies by region 
and ethnic/racial groups, possibly due 
in part to variability in diagnosis timing, 
patient characteristics, and access to 
treatments.8 Even though it was regarded 
as a benign disease when first described by 
Jean Berger in 1968,10 IgAN can vary from 
slowly to rapidly progressive.1 The most 
common presentation of IgAN in adults is 
asymptomatic microscopic hematuria with 
or without proteinuria and/or progressive 
kidney disease,1,2 and asymptomatic 
glomerular IgA deposits have been 
reported in populations without clinical 
manifestations, including in 6.8% of 756 
forensic necropsies in Finland, in 16.1% of 
510 kidney donor biopsies in Japan, and in 
11.8% of 5751 kidney biopsies in India.11-13 

For a significant proportion of patients, the 
disease has a progressive clinical course 
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that eventually leads to end-stage kidney disease (ESKD); 
up to 40% of patients develop ESKD within 30 years of 
diagnosis.14 Patients with IgAN also experience a 6-year 
reduction in median life expectancy and a 69.6% patient 
survival rate within 30 years of diagnosis.15 By contrast, 
among a cohort of Indian patients receiving optimized 
supportive care and systemic glucocorticoids over 3 years, 
approximately 40% displayed rapid progression to chronic 
kidney disease (CKD), and 37% experienced the composite 
outcome of ≥50% fall in estimated glomerular filtration 
rate (eGFR), eGFR <15 mL/min/1.73 m2, commencement 
of kidney replacement therapy, or death.8 This variation 
in prevalence and presentation could be driven partly by 
genetic and environmental factors, as well as regional 
differences in screening and biopsy practices1; IgAN can be 
detected early in countries with national kidney screening 
programs, such as Japan, South Korea, and Taiwan.1

In addition to considerable mortality and morbidity, 
patients with IgAN also experience decreased quality of 
life. Although there is only a minimal impact on the overall 
quality of life in the early stages of the disease, patients 
progressing to advanced stages of kidney impairment 
experience anxiety, depression, sexual dysfunction, 
insomnia, fatigue, and anorexia, among other sequelae.14

A significant challenge in treating patients with IgAN is 
the lack of efficacious therapies that target pathogenic 
mechanisms. Accurately predicting an individual’s risk 
of progression and how that individual may respond to 
treatment is also an unmet need.16 Despite these challenges, 
there have been promising advances in IgAN, including non-
invasive biomarkers,17,18 proteomics,19,20 and the development 
of prediction models to stratify the risk of kidney disease 
progression.21-23 With the acceptance of proteinuria as 
a surrogate clinical endpoint,24 there has been renewed 
interest in trialing existing medications with relevant 
mechanisms of action and developing novel therapies that 
specifically target the pathology of IgAN. There has also been 
an increased understanding of the mechanisms underlying 
IgAN pathogenesis, including the identification of the “four-
hit hypothesis,”1 the role of complement activation,25 and the 
identification of key cytokines,26 which has aided in informed 
exploration of novel treatments.

This in-depth review describes the pathogenesis of 
IgAN and current treatment guidance and explores how 
recently approved and emerging therapies targeting 
specific mechanisms of disease may provide individualized 
treatment options.

IgAN Pathogenesis 
IgAN is understood to develop as a result of sequential 
pathogenic changes, known as the “four-hit hypothesis.”1 

In brief, hit 1 is increased levels of circulating galactose-
deficient IgA1 (Gd-IgA1); hit 2 is the synthesis of antiglycan 
autoantibodies targeting Gd-IgA1; hit 3 is binding of 

Gd-IgA1 to these autoantibodies, forming circulating 
immune complexes; and hit 4 is the deposition of these 
immune complexes in the glomerular mesangium and 
the subsequent activation of downstream inflammatory 
processes, including the complement cascade and the 
renin–angiotensin system (RAS), which ultimately leads to 
fibrosis and progressive decline in kidney function.1,27 

Hit 1: Increase in circulating Gd-IgA1 

Patients with IgAN have elevated levels of circulating IgA1 
that is galactose-deficient in the hinge region of the heavy 
chains (Gd-IgA1) [Figure 1].28 There is significant heritability 
of Gd-IgA1, observed across a diverse range of racial 
groups.29,30 Aberrant IgA1 glycosylation precedes clinical 
signs of disease, and not all patients with elevated serum 
levels of Gd-IgA1 go on to exhibit overt disease.25,30 This 
indicates that a high level of Gd-IgA1 is an important but 
not the only pathogenic factor in IgAN.

The increased synthesis of IgA in plasma cells in patients 
with IgAN results from mucosal toll-like receptor 9 (TLR-
9)-induced overexpression of A PRoliferation-Inducing 
Ligand (APRIL).26 TLR-9 also induces overexpression of B-cell 
activating factor (BAFF), which is thought to contribute to 
the synthesis of IgA in plasma cells.26 These B-cell growth 
factors are believed to promote T-cell independent B-cell 
activation and generation of Gd-IgA1, with APRIL thought 
to play a more dominant pathological role [Figure 1].26,31 

Levels of serum APRIL protein, but not BAFF, are elevated 
in patients with IgAN compared with healthy controls 
and have been found to positively correlate with levels 
of proteinuria.32 Levels of APRIL and BAFF were shown to 
correlate with Gd-IgA1 production in a mouse model of 
IgAN, but only APRIL was associated with the formation of 
IgG-IgA immune complexes.26 In a study of IgAN recurrence 
after kidney transplant, APRIL but not BAFF levels were 
higher post-transplant in patients with recurrent disease.33 

Furthermore, treating a grouped ddY [gddY] mouse, a 
spontaneous mouse model of IgAN, with an anti-BAFF 
monoclonal antibody (mAb) significantly decreased levels of 
serum IgA, IgG, and IgM compared with phosphate-buffered 
saline but did not affect urinary albumin excretion or serum 
levels of Gd-IgA1 and IgA-IgG immune complexes.34 This 
suggests that BAFF-dependent IgA production may not be 
pivotal to the pathogenesis of IgAN. As such, the role of 
BAFF in IgAN pathology remains unclear.26,32

IgA is mostly produced by mucosa-associated lymphoid 
tissue (MALT) along the mucosal surfaces, forming 
a selectively permeable barrier with the microbiota, 
namely gut-associated (GALT) and nasopharynx-associated 
lymphoid tissue (NALT).35 Antigens in the small intestine 
and tonsils are the most common sites of antigen-
dependent priming of naïve B cells, via the actions of 
interleukins, transforming growth factor-β (TGF-β), BAFF, 
and APRIL.35 Therefore, it is theorized that mucosal 
immunity is a driver of the pathogenesis of IgAN and that 
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genetic, environmental, and dietary factors could cause 
functional changes in the gut mucosal immune system, 
resulting in disease development and progression.35

Hit 2: Anti-Gd-IgA1 antibody synthesis 

In the second hit, Gd-IgA1 is targeted by antiglycan 
autoantibodies, mostly of the IgG subtype. The hinge-
region galactose-deficiency results in the exposure 
of terminal N-acetylgalactosamine (GalNAc) residues; 
serum IgG in patients with IgAN has been shown to have 
specificity for GalNAc, resulting in the binding of IgG 
antibodies to Gd-IgA1.36 Elevated levels of anti-Gd-IgA1 IgG 
correlate with proteinuria in patients with IgAN.36

Hit 3: Immune complex formation 

In the third hit, these glycan-specific IgG antibodies form 
pathogenic immune complexes with Gd-IgA1 [Figure 1].36 In 
patients with IgAN, these immune complexes are relatively 
large (>800 kD) and may be incapable of entering the 
hepatic space of Disse in which circulating IgA1 would 
normally be broken down.25 Instead, the Gd-IgA1-antiglycan 
IgG immune complexes are deposited in the mesangium.37

Hit 4: Accumulation of immune complexes in the 
glomerular mesangium 

Lastly, the fourth hit is the mesangial deposition of Gd-
IgA1-antiglycan IgG immune complexes, leading to local 
inflammation, cell proliferation, and – when unchecked – 
glomerular and interstitial fibrosis [Figure 1].1,25,38

Gd-IgA1-containing complexes can activate the 
complement system via the alternative or lectin pathways, 
augmenting the inflammatory cascade [Figure 1].25 Both 
pathways result in the cleavage of C3 into C3a and C3b, 
leading to amplification of inflammation and, ultimately, 
kidney injury and loss of function.39 Components of the 
complement system have been found in the mesangial 
deposits of patients with IgAN, and studies indicate that 
complement activation may only occur via the alternative 
or lectin pathways at a ratio of approximately 3:1, but not 
both.40

Deposition of Gd-IgA1 also stimulates mesangial cells, 
promoting TGF-β synthesis via the activation of the RAS 
in podocytes.27 RAS has been historically associated 
with hypertension, but more recent studies show a role 
in the pathogenesis and continued pathology of IgAN. 
Endothelin-1 (ET-1), part of the RAS, activates endothelin 
A (ETA) receptors in podocytes and endothelial cells on the 
glomerular capillary wall, leading to podocyte dysfunction, 
vasoconstriction, kidney tubular injury, inflammation, and 
fibrosis.41,42 Angiotensin II (Ang II) – another part of the 
RAS – also increases the synthesis of TGF-β, leading to 
enhanced matrix formation and kidney fibrosis.43

Historic Approach to Treatment of IgAN 
For years, it has been understood that the majority of 
adult patients undergoing treatment for IgAN have slowly 
progressive disease, characterized by mild-to-moderate 
proteinuria, persistent microhematuria, hypertension, 
and a gradual decline in GFR.44 However, recent data have 
shown more rapid progression than previously thought.45 

A retrospective cohort study of a UK registry (enrolment 
from 2013 onward) showed that 50% of 2439 patients with 
IgAN experienced kidney failure or died after a median 
follow-up of 5.9 years, including 30% of patients at low 
risk of progression (proteinuria <0.88 g/g).45 These data 
underscore the need for treatments that alter the course 
of disease, preserve kidney function, and extend survival.

Long-term remission of proteinuria has been associated 
with a reduction in the risk of disease progression,45 and 
this relationship is consistent across demographic and 
clinical characteristics.46 In general, as recommended by 
the 2021 Kidney Disease Improving Global Outcomes 
(KDIGO) guidelines, the management of primary IgAN 
starts with optimized supportive care, such as controlling 
hypertension, and lifestyle recommendations, including a 
low-sodium diet.47

Figure 1: Pathogenesis of IgAN and emerging therapies. Ang II: angiotensin II; APRIL: a 
proliferation-inducing ligand; AT1: angiotensin II subtype 1; BAFF: B-cell activating factor; 
ECM: extracellular matrix; eGFR: estimated glomerular filtration rate; ET-1: endothelin 
1; ETA: endothelin A; GALT: gut-associated lymphoid tissue; GBM: glomerular basement 
membrane; Gd-IgA1-IC: galactose-deficient-IgA1 immune complex; IgA: immunoglobulin 
A; IgG: immunoglobulin G; IL-6: interleukin 6; NALT: nasopharynx-associated lymphoid 
tissue; TLR-9: toll-like receptor 9.
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Patients with IgAN have higher blood pressure than 
matched healthy individuals, even when apparently 
normotensive.48 The 2021 KDIGO guidelines for the 
treatment of patients with IgAN recommend that all 
patients with proteinuria >0.5 g/day receive either an 
angiotensin-converting enzyme (ACE) inhibitor or an 
angiotensin-receptor blocker (ARB), but not both, to 
control hypertension [Table 1].47,49,50

Patients at high risk of disease progression (proteinuria >1 
g/day and GFR <50 mL/min/1.73 m2 despite ≥3 months 
of optimized supportive therapy including RAS blockade) 
may be considered for immunosuppressive treatment.47 

The 2012 KDIGO guidelines on GN suggested a 6-month 
course of glucocorticoids for such patients.51 Based on 
evidence from subsequent studies that reported an 
increased risk of adverse events (AEs) with glucocorticoids, 
the 2021 guidelines were amended to suggest a more 
cautious approach. Patients who are at a high risk of 
progressive CKD despite maximal supportive care can be 
considered for a 6-month course of glucocorticoid therapy, 
but the important risk of treatment-emergent toxicity 
must be discussed with patients, particularly those with 
an eGFR <50 mL/min/1.73 m2.47 The 3-year, randomized 
STOP-IgAN trial in Germany compared the addition of 
immunosuppression (including methylprednisolone, 

prednisolone, cyclophosphamide, and azathioprine) 
with supportive care alone, and although patients in the 
immunosuppression group showed improved clinical 
outcomes based on proteinuria compared with the 
supportive-care group, patients in the immunosuppression 
group experienced more AEs, particularly infections 
of the gastrointestinal or respiratory tract, with one 
sepsis-related death.52 Similarly, the randomized, double-
blind TESTING trial aimed to evaluate the efficacy and 
safety of methylprednisolone compared with placebo 
in patients with high-risk IgAN receiving supportive 
care; whereas methylprednisolone was efficacious 
compared with placebo, there were high rates of serious 
AEs (14.7% vs. 3.2%), including two fatal infections 
with methylprednisolone, which led to premature 
discontinuation of the trial.53 The study was recommenced 
18 months later, as TESTING 2, following a reduced steroid-
dose protocol: mean time-averaged proteinuria was lower 
in the reduced-dose methylprednisolone group than in 
the placebo group (1.6 vs. 2.4 g/day; P < 0.001).54 Results 
from both studies highlight the safety risks associated with 
steroid therapies.52,54 

In line with these outcomes, the 2021 KDIGO guidelines 
only suggest a 6-month course of glucocorticoids in 
patients who remain at high risk of progressive CKD 

Table 1: Therapeutic options currently in use for the treatment of IgAN by their mechanism of action 
Treatment by mechanism 
of action 

Examples Indicated population Populations not recommended 

Hemodynamic therapies 
 RAS blockade  
 (ACE inhibitors and ARB) 

ACE inhibitors: Captopril, 
ramipril, lisinopril, 
benazepril ARB: Losartan, 
valsartan, irbesartan 

All patients with proteinuria >0.5 
g/day, irrespective of the presence 
of hypertension (no combination 
therapy of ACE inhibitors and ARB) 

Not recommended in patients 
who have rapidly changing GFR 

 SGLT-2 inhibitor Dapagliflozin, canagliflozin Patients with CKD who are at risk 
of progression 

Contraindicated in patients with 
eGFR <30 mL/min/1.73 m2 49,50 

Glucocorticoids 
 Untargeted glucocorticoids Prednisone, 

methylprednisolone 
Patients at high risk of progressive 
CKDa and eGFR ≥30 mL/min/1.73 
m2 should be considered for a 
6-month course and counseled on 
the risk of treatment-emergent 
toxicity 

Not recommended in patients 
with eGFR <30 mL/min/1.73 
m2 and patients at high risk 
of steroid-related toxicity, 
particularly patients with eGFR 
<50 mL/min/m2 

Other immunomodulatory  
therapies 
 MMF  Suggested as a steroid-sparing 

agent for Chinese patients 
receiving glucocorticoids 

Not suggested for non-Chinese 
patients owing to no evidence 
for the efficacy of MMF 
monotherapy in randomized 
controlled trials 

 Cyclophosphamide  Patients with rapidly progressive 
IgAN, in combination with 
glucocorticoids 

Not recommended in non-
rapidly-progressive IgAN 

Unless otherwise stated, source: KDIGO 2021 guidelines.47 Proteinuria >0.75–1 g/day despite ≥3 months of supportive care with RAS blockade. 
ACE: angiotensin-converting-enzyme; ARB: angiotensin receptor blocker; CKD: chronic kidney disease; eGFR: estimated GFR; GFR: glomerular 
filtration rate; IgAN: Immunoglobulin A nephropathy; MMF: mycophenolate mofetil; RAS: renin-angiotensin system; SGLT-2: sodium-glucose 
cotransporter-2.
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despite maximal supportive care and who are unwilling to 
participate in a clinical trial [Table 1].47 The guidelines also 
state that a detailed discussion of the risks and benefits 
should be undertaken first and that glucocorticoids should 
be avoided or administered with caution in patients 
with eGFR <30 mL/min/1.73 m2, diabetes, obesity 
(body mass index >30 kg/m2), latent infections, active 
peptic ulceration, uncontrolled psychiatric illness, severe 
osteoporosis, and other comorbidities. All patients with 
suspected IgAN should be assessed for secondary causes 
at diagnosis (e.g., cirrhosis, inflammatory bowel disease, 
infections, and autoimmune diseases) prior to treatment 
discussions.47,55 In patients for whom glucocorticoids are 
being considered, KDIGO suggests mycophenolate mofetil 
as an alternative for Chinese patients but notes that there 
is insufficient evidence to support its use in non-Chinese 
patients.47

Although immunosuppressive use is recommended only 
for patients classified as high risk of disease progression,47 

emerging evidence suggests a substantial risk of 
progression in patients with urine protein-to-creatine 
ratio (UPCR) <0.88 g/g, who are traditionally regarded 
as being at low risk.45 In a retrospective cohort analysis, 
30% of patients with UPCR 0.44–<0.88 g/g developed 
kidney failure within 10 years.45 Thus, there is a need for 
therapies to treat patients with IgAN who are not eligible 
for immunosuppressive treatment or are unable to achieve 
management goals with supportive care alone; in addition, 
there is a need for early interventions that may alter the 
course of the disease.

Our discussion thus far highlights the wealth of research 
into the pathology and management of IgAN; however, 
there remain some barriers to the development and 
approval of novel IgAN therapies. There is a lack of robust 
preclinical models that mimic human IgAN, particularly in 
the early stages of the disease.44 In addition, large-scale 
Phase 3 clinical trials to evaluate progression to ESKD as 
a primary endpoint require long-term follow-up owing to 
the rate of progression of IgAN and would be costly.24,56 

In 2016, a partnership between the US Food and Drug 
Administration (FDA) and the American Society of 
Nephrology determined that due to its direct contribution 
to the decline in kidney function and its significant 
association with changes in kidney outcome, proteinuria 
reduction would be a reasonable surrogate endpoint 
for treatment effect on progression to ESKD in patients 
with IgAN.24 Proteinuria has since been used as the 
primary endpoint for trials in IgAN,56 but the progression 
rate of IgAN may still necessitate trials with relatively 
large patient populations and long follow-up to observe 
a treatment effect.24 Compounds granted accelerated 
approval on the basis of proteinuria results are still 
required to show benefit on eGFR decline to receive final 
approval.

To support the development of treatments for IgAN, the 
2021 KDIGO guidelines recommend enrolment into clinical 
trials for patients with proteinuria >1 g/day despite ≥3 
months of optimized supportive care.44,47 

Emerging Therapies for IgAN 
Two therapies have received accelerated approval for 
the treatment of patients with IgAN based on primary 
endpoints of proteinuria: enteric-coated, targeted-release 
budesonide, a glucocorticoid, and sparsentan, an ETA 
receptor antagonist.57,58 Targeted-release budesonide 
was designed to deliver glucocorticoid locally in the 
ileum to suppress mucosal B cells, which are responsible 
for the production of Gd-IgA1 [Figure 1].59 Based on its 
beneficial effect on UPCR, it was granted accelerated 
approval in 2021 for patients with IgAN in the Phase 3 
NefIgArd study, supported by evidence from the Phase 
2b NEFIGAN study.58,60,61 Initial results of the Phase 3 
NefIgArd trial showed a 27% reduction in UPCR over 9 
months with target-release budesonide compared with 
placebo (P = 0.0003) [Table 2].49,57,58,60,62-104 There were also 
encouraging preliminary eGFR results, with a significant 
3.87 mL/min/1.73 m2 improvement in slope at 1 year with 
treatment compared with placebo (P = 0.0014); however, 
final eGFR data are awaited at the conclusion of the final 
part of the trial.60 Discontinuations due to treatment-
emergent AEs (TEAE) were 9.3% in the targeted-release 
budesonide group compared with 1.0% in the placebo 
group.60 AEs related to steroid toxicity, including edema, 
hypertension, acne, and hirsutism, were more frequent in 
the budesonide group than in the control group.60 Although 
there was no difference in the rate of infections between 
the treatment arms, targeted-release budesonide should 
be avoided in patients at risk of infections and patients 
with tuberculosis or other existing infections (e.g., viral and 
fungal) because of its immunosuppressive mechanism of 
action.58,59

Whereas budesonide has immunosuppressive properties, 
sparsentan has hemodynamic and anti-fibrotic properties, 
selectively targeting two important pathways to 
inflammation and kidney damage following mesangial 
deposition of immune complexes: ET-1 and Ang II [Figure 
1].105,106 Sparsentan was granted accelerated approval 
in early 2023 on the basis of interim analyses from 
the international, randomized, double-blind, active-
controlled, Phase 3 PROTECT study that showed that 
once-daily sparsentan resulted in a meaningful reduction 
in proteinuria compared with the ARB irbesartan in adults 
with IgAN.57,63 The PROTECT study also reported that 88% 
of patients in the sparsentan group experienced TEAEs 
compared with 78% in the irbesartan group; the most 
common TEAEs were peripheral edema (14% vs. 9%), 
hypotension (14% vs. 6%), and dizziness (13% vs. 5%).63 

Of note, the US prescribing information for sparsentan 
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includes a boxed warning with regard to the risk of liver 
toxicity and embryo-fetal toxicity.106 

In addition to the recent approvals of targeted-release 
budesonide and sparsentan, a spectrum of novel therapies 
for IgAN are under clinical development to target the 
various pathologic pathways. These include agents that 
reduce proteinuria and fibrosis and immunomodulatory 
agents that target mucosal immunity, the immune response, 
and the activation of the complement system [Table 2].

In a similar family to sparsentan, the ETA antagonist 
atrasentan is currently being studied in Phase 2 and 3 
trials.66,68 Interim results from the Phase 2 trial, without 
a control comparator, indicate that atrasentan may help 
reduce proteinuria [Table 2].67 

Another class of drugs with hemodynamic properties that 
are being trialed in patients with IgAN is sodium glucose 
cotransporter-2 (SGLT-2) inhibitors. SGLT-2 inhibitors are 
approved for use in patients with diabetes and CKD.40,50 

Dapagliflozin and empagliflozin were studied as adjuncts 
to standard therapy in large-scale trials of patients with 
CKD, including a significant proportion with IgAN.70-74,107 In 
the DAPA-CKD trial [Table 2], dapagliflozin was associated 
with reduced risk of disease progression (decline in the 
eGFR ≥50%, ESKD, or renal- or cardiovascular-related 
death) compared with placebo in patients with CKD in 
the overall study population (N = 4304, hazard ratio [HR]: 
0.61, 95% confidence interval [CI]: 0.51‒0.72, P < 0.001),107 
and in a prespecified subgroup analysis of patients with 
IgAN (N = 270, HR: 0.29, 95% CI: 0.12–0.73, P = 0.005).70 
Similarly, primary analysis of the EMPA-kidney trial (N 
= 6609) revealed that empagliflozin reduced the risk of 
CKD progression or cardiovascular death in patients with 
CKD at risk of progression.74 Prespecified exploratory 
analysis demonstrated a reduced rate of annual decline 
in patients treated with empagliflozin versus placebo, 
including in all key subgroups.74 In the IgAN subgroup (n = 
817), the relative risk of CKD progression was 0.56 (95% 
CI: 0.36‒0.89) for empagliflozin versus placebo.71 Although 
both SGLT-2 inhibitors and ET receptor antagonists have 
been shown to reduce proteinuria via a hemodynamic 
mechanism of action, there is no evidence that they affect 
the underlying immune dysfunction in IgAN; thus, they 
are considered therapies for the stabilization of clinical 
parameters as needed.108-110

There are also a number of immunomodulatory therapies 
under development that target the immunopathology 
of IgAN. Molecular targets include cytokines involved in 
the increased production of Gd-IgA1, such as APRIL, and 
effectors of the complement system in the mesangium, 
such as complement factor B and mannan-associated 
lectin-binding serine protease-2 [Table 2]. Although the 
treatments discussed so far are administered orally, these 
other therapies may be oral or require either intravenous 
or subcutaneous administration. Route of administration 

can also be a driver in patient selection of therapeutic 
options and can impact compliance.

Upstream in the pathogenesis of IgAN, emerging therapies 
are targeting B-cell activation to prevent the generation 
of Gd-IgA1. This would likely reduce the production 
of pathogenic autoantibodies and the deposition of 
circulating immune complexes. Two inhibitors of APRIL 
are currently being studied in Phase 3 trials.98,101 As 
with any immunosuppressive treatment, the impact of 
these B-cell-targeting agents on the immune response 
to infections is clinically relevant. Evidence from a Phase 
1 trial of sibeprenlimab, an anti-APRIL mAb, showed that 
its administration in healthy individuals did not interfere 
with a participant’s ability to mount a substantial antigen-
specific response to tetanus and diphtheria toxoid 
vaccinations, despite an overall reduction in the respective 
immunoglobulins.111 Interim analysis from a Phase 2 trial 
of sibeprenlimab showed that COVID-specific vaccine 
responses and infection-induced immune responses were 
not affected by 12 months of sibeprenlimab infusions in 
patients with IgAN.112 At 12 months, the geometric mean 
ratio reduction (±SE) from baseline in the 24-hour UPCR 
was 47.2 ± 8.2%, 58.8 ± 6.1%, 62.0 ± 5.7%, and 20.0 ± 
12.6% in the sibeprenlimab 2-mg/kg, 4-mg/kg, and 8-mg/
kg groups and the placebo group, respectively [Table 2].99

Other B-cell-targeting therapies under investigation inhibit 
BAFF alone or as dual APRIL/BAFF inhibition. As previously 
mentioned, evidence from tonsil microbial exposures of 
patients with IgAN, IgAN recurrence after kidney transplant, 
and gddY mice call into question the role of BAFF in the 
pathology of IgAN.32,34 This may provide an explanation for 
why compounds that solely target BAFF have yet to publish 
any encouraging results, and a number of programs, such 
as blisibimod, have been discontinued.113 The effectiveness 
of anti-APRIL versus anti-APRIL/BAFF treatments is still to 
be determined. In addition, dual APRIL/BAFF inhibition has 
a potential risk of infection due to the impact on almost 
all phases of B-cell maturation and function compared 
with APRIL inhibition alone, which only inhibits the plasma 
cells. For example, telitacicept, a dual APRIL/BAFF inhibitor, 
has been shown in a study of patients with systemic lupus 
erythematosus to result in an almost 50% reduction in CD19+ 
B cells, which may potentially impact humoral immunity.114 

Nevertheless, in a Phase 2 trial of patients with IgAN, 
telitacicept had a tolerable safety profile and was associated 
with a reduction in proteinuria compared with placebo.104

Complement inhibition is an attractive target based on 
the pathogenesis of IgAN. Activation of lectin or the 
alternative pathway by Gd-IgA1, resulting in the cleavage 
of C3 into C3b, is an important driver of inflammatory 
amplification and kidney injury in IgAN.115 Given that IgAN 
is usually a slowly progressive disease, the risk: benefit 
profile of complement inhibition needs to be considered. 
Importantly, complement inhibition is associated with an 
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Table 2: Emerging therapies for the treatment of IgAN by mechanism of action 
Compound Mechanism 

of action 
Route of 
administration 
and dose 

Phase of development Results (if available) 

Hemodynamic  
therapies 
Sparsentan Dual ETA/ 

AT1 receptor 
antagonist 

400 mg, oral, OD SPARTACUS, phase 2 open-label 
(Ongoing [not yet recruiting], 
NCT05856760)62

�PROTECT, phase 3 RCT (Ongoing, 
NCT03762850)63,64

Accelerated approval for adults with 
IgAN granted by FDA (Feb 2023)a 57

UPCR: −49.8% at week 36 compared with 
−15.1% with irbesartan (n = 202 in both 
groups; P < 0.0001; PROTECT interim 
analysis)63 

eGFR: −2.9 vs −3.9 mL/min/per 1.73 m2/ 
year in the  sparsentan vs. irbesartan 
groups (n = 202 in both groups; 95% CI 
−0.03 to 1.94; p = 0.058) in 2-year total 
slope. eGFR total slope endpoint was not 
achieved.65

Atrasentan ETA antagonist 0.75 mg, oral, OD AFFINITY, phase 2 open-label study 
(Ongoing, NCT04573920)66,67

ALIGN, phase 3 RCT (Ongoing; 
NCT04573478)68,69

UPCR: −43.6% at week 12 (n = 8; no 
comparator; AFFINITY interim analysis)67

Dapagliflozin SGLT-2 
inhibitor 

10 mg, oral, OD Approved for the treatment of CKD 
in patients at risk of progression with 
and without type 2 diabetes,49 but 
pre-specified analysis of a trial in 
CKD70 and a recent meta - analysis71 

supports its use within the IgAN 
population 

UACR: −26% at month 36 compared 
with placebo (n = 137 vs. 133; P < 0.001; 
post-development CKD trial prespecified 
analysis)70 

eGFR: −3.5 vs. −4.7 mL/min/1.73 m2/ 
year in the placebo group (n = 137 vs. 
133; no difference; post-development 
CKD trial pre-specified analysis)70

Empagliflozin SGLT-2 
inhibitor 

10 mg, oral, OD �Not currently approved for use in 
non-diabetic kidney disease, but a 
recent meta-analysis71 supports its 
use within this population 
�Part of an ongoing phase 3 trial in 
patients with CKD, where 12% of 
enrolled patients have IgAN72,73 

eGFR: −2.16 in the empagliflozin group 
vs. −2.92 mL/min/1.73 m2 in the placebo 
group for total slope (n = 3304 vs. 
3305, (95% CI: 0.54–0.96); exploratory 
endpoint)74 

Complement  
inhibitors 
Narsoplimab 
(OMS721) 

MASP-2 
inhibitor 

370 mg, IV, QW �ARTEMIS-IgAN, phase 3 RCT 
(Ongoing; NCT03608033)75 

�Received FDA Breakthrough Therapy 
and Orphan Drug designations 
and EU Orphan Medical Product 
designation76 

UPE: −18.0% vs. −18.4% in the vehicle-
and narsoplimab-treated groups, 
respectively at week 12 (n = 5 vs. 4; 
phase 2 secondary endpoint)77

The primary endpoint of reduction in UPE 
from baseline compared to placebo at 36 
weeks was not met and the program was 
terminated.78

Iptacopan Complement 
Factor B 
inhibitor 

200 mg, oral, BID Phase 2 study of safety and efficacy 
of LNP023 in patients with kidney 
disease caused by inflammation 
(Complete, NCT03373461)79-82 

�APPLAUSE-IgAN, phase 3 RCT 
(Ongoing, NCT04578834)39,83 

UPCR: 23% reduction in 24h UPCR from 
baseline versus placebo at 3 months (n = 
26 vs 25; 80% CI: 0.66-0.92).84

Clinically meaningful and statistically 
significant reduction in proteinuria with 
iptacopan versus placebo in APPLAUSE-
IgAN interim analysis.85 

Cemdisiran 
(ALN-CC5) 

Anti-
complement 
C5 siRNA 

600 mg, SC, Q4W Phase 2 RCT in patients with IgAN 
(NCT03841448)86 

UPCR: ≥50% reduction in 24 h UPCR in 
31.8% of cemdisiran-treated patients 
at Week 32 versus 12.5% of placebo 
patients87 

45.8% reduction in spot UPCR with 
cemdisiran versus placebo at Week 3287 
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Compound Mechanism 
of action 

Route of 
administration 
and dose 

Phase of development Results (if available) 

IONIS-FB-LRx 
(RO7434656) 

siRNA against 
Complement 
Factor B 

SC, Q4W �Phase 2 open-label study (Ongoing, 
NCT04014335)88 

�IMAGINATION, phase 3 RCT 
(Ongoing, NCT05797610)89

UPCR: −44% at Week 29 (n = 10; no 
comparator; phase 2 primary endpoint)90

eGFR: no change from baseline to Week 
29 (n = 10; no comparator; phase 2 
secondary endpoint)90

Glucocorticoids 
Targeted-
release 
budesonide 

Glucocorticoid 
receptor 
agonist 

16 mg, OD �NefIgArd, phase 3 RCT (Ongoing, 
NCT03643965)60,91

�Accelerated approval for adults with 
IgAN granted by FDA (2021)b 58

UPCR: −33.6% at month 9, placebo −5.2% 
at month 9 (n = 182 in both groups, no 
P value provided; NefIgArd co-primary 
endpoint)92

eGFR: +5.89 mL/min/1.73 m2 compared 
with placebo at month 24 (−6.11 vs. 
−12.00 mL/min/m2, n = 182 in both 
groups, no P value provided; NefIgArd 
co-primary endpoint)92

B cell-targeting  
therapies 
Atacicept APRIL/BAFF 

inhibitor 
150 mg, SC, QW �ORIGIN 3, phase 2b/3 RCT (Ongoing, 

NCT04716231)93
UPCR: −34% at week 24 compared 
with placebo (n = 27 vs. 29, P = 0.025, 
prespecified per-protocol analysis)94

eGFR: +5.8 mL/min/1.73 m2 absolute 
difference at week 36 between atacicept 
and placebo (n = 30 vs. 31, P = 0.038, 
intent-to-treat analysis)95

Sibeprenlimab Anti-APRIL 
mAb 

400 mg, SC, Q4W ENVISION, phase 2 RCT (Ongoing, 
NCT04287985)86,96,97

�VISIONARY, phase 3 RCT (Ongoing, 
NCT05248646)98

UPCR: Reduction in 24h UPCR of 
47.2%, 58.8%, 62.0% and 20.0% in the 
sibeprenlimab 2-mg/kg (n = 38), 4-mg/kg 
(n = 41), and 8-mg/kg (n = 38) groups and 
the placebo group (n = 38), respectively99

eGFR: Reduction in eGFR of −2.7, 0.2, 
−1.5, and −7.4 ml/min/1.73 m2 in the 
sibeprenlimab 2-mg/kg, 4-mg/kg, and 
8-mg/kg groups and the placebo group, 
respectively99

Zigakibart 
(BION-1301) 

Anti-APRIL 
mAb 

600 mg, SC, Q2W Phase 1/2 RCT (Ongoing, 
NCT03945318)100

BEYOND, phase 3 RCT (Ongoing [not 
yet recruiting], NCT05852938)101

UPCR: −67% at week 52 (n = 8 from 
Cohort 1 of Phase 1/2 RCT, no P value 
provided, no comparator)102

Telitacicept APRIL/BAFF 
inhibitor 

240 mg, SC, QW 
or Q2W 

�Phase 3 RCT (Ongoing [not yet 
recruiting], NCT05799287)103

Proteinuria: −49% to Week 24 (n = 14; LS 
mean difference vs. placebo: −0.88 g/d, P 
= 0.013; phase 2 primary endpoint)104

eGFR: +2.34 vs. −5.70 mL/min/1.73 m2 

in the placebo group (n = 14; P = 0.015; 
phase 2 secondary endpoint)104

aContinued approval may be contingent upon confirmation of a clinical benefit in the ongoing Phase 3 PROTECT study; topline results from 
the 2-year confirmatory endpoints are expected in the fourth quarter of 2023 and are intended to support traditional approval.57,58 bContinued 
approval may be contingent on further clinical trials to verify and describe the full clinical benefit.58 APRIL: a proliferation-inducing ligand; 
AT1: angiotensin II subtype 1; BAFF: B-cell activating factor; BID: twice a day; CKD: chronic kidney disease; ETA: endothelin A; eGFR: estimated 
glomerular filtration rate; FDA: food and drug administration; IgAN: Immunoglobulin A nephropathy; mAb: monoclonal antibody; MASP-2: 
mannan-associated lectin-binding serine protease-2; OD: once a day; QW: once a week; Q4W: every 4 weeks; Q8W: every 8 weeks; RCT: 
randomised controlled trial; CI: confidence interval; SC: subcutaneous; SGLT-2: sodium glucose cotransporter-2; siRNA: short interfering RNA; 
UACR: urine albumin-to-creatinine ratio; UPCR: urine protein-to-creatinine ratio; UPE: urine protein excretion.

Table 2: Continued
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increased risk of infection owing to downstream effects 
that reduce the formation of the membrane attack 
complex (C5b-9).116 Patients considering inhibitors of the 
complement cascade in clinical trials require vaccinations 
against Neisseria meningitidis, Streptococcus pneumoniae, 
and Hemophilus influenzae.39,83,116,117

Although limited clinical data have been reported with 
complement inhibitors, initial efficacy and safety results 
appear promising. Iptacopan (LNP023) is an oral, selective, 
small molecule, factor B inhibitor that targets alternative 
pathway activation. In a Phase 2,  randomized, dose-
ranging study (NCT03373461), patients with IgAN who 
were treated with the recommended dose of iptacopan 
(200 mg bid, n = 26) had a 31% decrease in UPCR from 
baseline after 3 months of treatment compared with 
a 12% decrease for those receiving placebo (n = 23).79-

81 This was sustained over the course of treatment, with 
a 41% (n = 11) versus 2% (n = 10) decrease in UPCR 
from baseline after 6 months of treatment; no serious 
safety signals or serious infections were 3 APPLAUSE-
IgAN trial (NCT04578834), in which patients with IgAN 
are randomized 1:1 to iptacopan 200 mg twice daily or 
to placebo.39,83 Interim analysis revealed that the study 
met its primary endpoint, with iptacopan demonstrating a 
superior reduction in proteinuria versus placebo.84

The complement pathway is also being targeted with RNA 
interference (RNAi)-based therapies.118 The efficacy and 
safety of two distinct anti-complement short interfering (si) 
RNA therapies, cemdisiran and IONIS-FB-LRx, are currently 
being assessed in separate Phase 2 studies of patients 
with IgAN.86,88 Cemdisiran (ALN-CC5) is a double-stranded 
siRNA directed against the mRNA of C5 of the complement 
pathway. Initial analyses of a randomized Phase 2 trial 
(NCT03841448)86 demonstrated that 31.8% of patients with 
IgAN treated with cemdisiran had ≥50% reduction in 24-h 
UPCR at week 32 versus 12.5% of placebo-treated patients; 
cemdisiran was generally well-tolerated.87 Despite these 
encouraging data, further development of cemdisiran was 
paused in December 2022 while the company considers 
the pathway for further clinical development.119 IONIS-
FB-LRx (RO-7434656) is an antisense oligonucleotide 
directed against the mRNA of complement factor B and 
is being evaluated in a small, single-arm open-label study 
of patients with IgAN (NCT04014335).88 Initial results (n = 
10) showed a 44% reduction in proteinuria from baseline 
(24-h urine collection) at week 29, with an acceptable 
safety profile.90 A Phase 3 trial was recently initiated 
(IMAGINATION; NCT05797610) and is ongoing.89

An important consideration when targeting the 
complement cascade is that patients with IgAN exhibit 
overexpression of the alternative or the lectin pathway, 
but not both.40 Thus, complement activation is not seen 
universally in all patients. Future studies should identify 
patients who would benefit most from these therapies and 

avoid using such potent immunosuppressive therapies in 
patients for whom the complement system is not activated.

Beyond drug development

In addition to developing new therapies, it is important to 
understand the clinical profile of a patient and their risk of 
disease progression to inform treatment decisions. Studies 
have shown promising results from prediction models based 
on Cox proportional hazards or machine learning algorithms, 
including the use of urine protein, global sclerosis, 
tubular atrophy/interstitial fibrosis, and eGFR, as well as 
demographics such as age, sex, and race/ ethnicity.21-23 

However, more attention is required to ensure that such 
algorithms do not exacerbate biases in the captured data 
on which they are trained.120 Currently, the International 
IgAN Prediction Tool is the preferred method in the 2021 
KDIGO guidelines for predicting risk of progression (reduced 
kidney function) at the time of biopsy and considers eGFR, 
hypertension, proteinuria, and pathology among other 
factors; the model has been developed further to predict 
risk at 1 or 2 years post biopsy.23,47

Conclusion 
In recent years, research into the pathogenesis of IgAN 
and the development of compounds that selectively 
target its pathology have improved the outlook for 
patients. Adoption of proteinuria as a surrogate endpoint 
has accelerated the development of treatments beyond 
supportive care. Nevertheless, there remain important 
unmet needs for IgAN such that clinical trial participation 
is a recommended step for patients who remain at high 
risk of kidney disease progression despite receiving 
optimal treatment with currently available options. As our 
understanding of IgAN continues to grow, several novel 
therapies have entered clinical development, targeting 
various pathological steps, and may offer individualized 
treatment. The approval of targeted-release budesonide 
and sparsentan are important treatment advances in 
IgAN, but long-term efficacy and safety data are needed, 
as well as treatments that target different pathogenic 
mechanisms. Emerging evidence suggests that UPCR ≥0.44 
g/g is associated with an elevated risk of progression to 
ESKD, suggesting that lowering the recommendation for 
clinical trial involvement to 0.44 g/g could benefit patients 
at risk of progression. Duration of treatment remains 
unclear, although recent evidence suggests that chronic 
therapy (longer or even life-long treatment duration) may 
be needed to prevent disease recurrence or progression to 
ESKD.

There are several additional challenges we will need to 
consider as our treatment armamentarium expands. These 
include better stratification of patients by disease risk, the 
efficacy and safety of treatments across the various patient 
subgroups for personalized patient care, the potential 
for use of different treatments in combination, and the 
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duration of treatment (continuous versus intermittent 
to address exacerbations and stabilize disease) and its 
impact on ESKD and survival. The risk: benefit ratio of 
novel immunomodulatory drugs should also be assessed, 
particularly in patients with slowly progressive disease. 
Finally, the cost-effectiveness of immunosuppressive 
agents needs to be weighed against the benefit of reduced 
CKD progression, including the associated patient benefits 
(life expectancy and quality of life) and healthcare costs.
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