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Immunoglobulin A nephropathy (IgAN) often has a poor outcome, with many patients reaching kidney failure within their lifetime. Therefore, the primary goal for the treatment of IgAN should be to reduce nephron loss from the moment of diagnosis. To achieve this, IgAN must be recognized and treated as both a chronic kidney disease and an immunological disease. Agents that have received US Food and Drug Administration and European Medicines Agency approval for the treatment of IgAN include modified-release/targeted-release formulation budesonide (Nefecon) and sparsentan, a selective dual endothelin-A and angiotensin II receptor type 1 antagonist. Other agents, including selective endothelin receptor antagonists, selective or combined APRIL and BAFF antagonists, and a vast array of complement inhibitors are being investigated for the treatment of IgAN. Furthermore, treatment combinations are also being studied, including sodium–glucose cotransporter-2 inhibitors with endothelin receptor antagonists. Due to the complexity of IgAN, combination treatment, rather than a single-agent approach, may provide maximum benefit. With the number of treatments for IgAN likely to increase, combinations allowing safe and effective treatment to halt progression to kidney failure seem within grasp. While trials evaluating combinations are ongoing, more are needed to pave the way for a comprehensive IgAN treatment strategy. Furthermore, an approach to IgAN treatment in which agents are combined early to achieve rapid induction of remission and prevent unnecessary and irreversible nephron loss is required. Following remission, treatments may be adjusted and stripped back as necessary in the maintenance phase with close monitoring. This review discusses the current status of IgAN treatment and explores future strategies to improve outcomes for patients with IgAN.
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Introduction

Immunoglobulin A nephropathy (IgAN) is the most common primary glomerulonephritis worldwide, with an incidence rate of at least 2.5/100,000 adults per year (1–3). Due to the progressive nature of IgAN, patients generally face a poor prognosis if the condition is not appropriately controlled. While IgAN can be a slowly progressive disease (3), approximately 30–40% of patients will develop kidney failure within 10 years of diagnosis, increasing to more than 50% within 20 years (4, 5). Data from the UK National Registry of Rare Kidney Diseases (RaDaR) highlighted that even patients traditionally regarded as being at low risk, with urine protein-to-creatinine ration (UPCR) <0.88 g/g (<100 mg/mmol), had high rates of kidney failure within 10 years of diagnosis. Furthermore, this analysis found that almost all patients were likely to experience kidney failure within their expected lifetime, and that patients with modest rates of estimated glomerular filtration rate (eGFR) decline have a high risk of progression to kidney failure (4). Treatment to reduce eGFR loss to <1 ml/min per 1.73 m2 per year from diagnosis may change this trajectory (4). A paradigm shift in the diagnosis and treatment of IgAN is therefore required.

One core challenge is that IgAN is often asymptomatic, and therefore the majority of patients are diagnosed by chance and often late in the disease course, with significant proteinuria and an impaired GFR at presentation (3, 5). At diagnosis, at least 50% of patients will have stage 3 or greater chronic kidney disease (CKD), indicative of a significant loss of functioning nephrons (4–6). Earlier diagnosis is essential; however, biomarkers for early diagnosis are lacking (7). Urinalysis is not performed routinely in most countries and serum creatinine is not an optimal marker for identifying early kidney function decline (8, 9).

Until recently, treatment options were limited, and even now there is a high unmet need for therapies that are both effective in treating IgAN and well tolerated (10). To prevent further nephron loss and subsequent kidney function decline, IgAN treatment should address both the CKD and immunological dimensions of IgAN (Figure 1).
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FIGURE 1
 A stylized representation of the unmet need in a typical adult patient with IgAN. At the time a patient is typically diagnosed with IgAN, both disease-specific, immune-mediated nephron loss and universal CKD causes of nephron loss are at play. During the earlier stages of IgAN, often prior to diagnosis, the immunological aspects are the greatest contributor to disease progression. However, the adverse response to nephron loss through fundamental CKD responses, including systemic hypertension, glomerular hyperfiltration, and tubulointerstitial damage in response to proteinuria, which initially contribute little, become a greater factor as nephron loss increases. It is important to note that treatment approaches and aspirations will differ in some IgAN populations; for example, in pediatric patients, IgAN is often diagnosed earlier in the natural history, while in transplant patients there is the opportunity to detect recurrent disease early and therefore intervene before significant nephron loss has occurred. CKD, chronic kidney disease; IgAN, IgA nephropathy.




Approaching IgAN treatment


The CKD dimension of IgAN

There are several fundamental maladaptive responses that contribute to the decline in kidney function in IgAN. Key components include development of arterial and intraglomerular hypertension, the loss of filtration barrier integrity, increased proteinuria, and tubular interstitial fibrosis (11–13).

Nephron loss leads to homeostatic responses in the kidneys to maintain the GFR by increasing blood flow through the remaining nephrons, ie hyperfiltration. However, instead of maintaining glomerular function and structure, this process over time leads to further glomerular injury and ultimately amplifies glomerulosclerosis and loss of nephrons (14).



The immunological dimension of IgAN

In addition to CKD processes, there are disease-specific processes involved in the development of IgAN. The pathogenesis of IgAN represented by the “Four Hit Hypothesis” has been described elsewhere (15–17). Briefly, the overproduction and consequent elevated circulating levels of galactose-deficient (Gd) IgA1 antibodies (Gd-IgA1; Hit 1), are associated with the formation of Gd-IgA1 complexes and/or the development of Gd-IgA1 autoantibodies that recognize the Gd-IgA1 hinge region O-glycans (Hit 2). Circulating Gd-IgA1-containing immune complexes are formed (Hit 3), some of which deposit in the mesangium (Hit 4) due to mesangial trapping/binding and the increased affinity of Gd-IgA1 for extracellular matrix components. Deposited Gd-IgA1 immune complexes bind to cell surface mesangial cell IgA receptors, triggering the release of inflammatory/fibrotic mediators, complement activation, and mesangial cell proliferation. These mediators promote monocyte/macrophage influx into the glomerulus, mesangial matrix production, and activation and injury to podocytes and tubular epithelial cells (15–17).




Therapies addressing the CKD dimension


Current options included in the KDIGO 2021 clinical practice guideline for IgAN

Current Kidney Disease Improving Global Outcomes (KDIGO) guidelines recommend optimized supportive care for patients with IgAN to preserve kidney function and reduce cardiovascular (CV) risk, including optimal control of blood pressure (BP), use of the maximum tolerated dose of renin–angiotensin system inhibitors (RASi), restriction of dietary sodium intake, normalization of body weight and smoking cessation (3). Despite these recommendations, RASi are often used suboptimally. For example, in the recently completed Phase 3 PROTECT study, ~60% of patients were reported to be receiving maximally labeled or tolerated doses of an angiotensin-converting enzyme inhibitor/angiotensin receptor blockers prior to randomization (18). However, in the irbesartan arm of the study, 97% of patients were then titrated to the maximum recommended dose (18). Interestingly, eGFR decline in the irbesartan arm was slower compared with most other randomized controlled trials in IgAN (18).



Emerging and recently approved treatments

Beyond RASi, novel agents to be considered as treatment for the CKD dimension of IgAN include sodium–glucose cotransporter-2 inhibitors (SGLT2is), dual endothelin angiotensin receptor antagonists (DEARAs), endothelin receptor antagonists (ERAs) and mineralocorticoid receptor antagonists (MRAs). Some of these agents have multiple mechanisms of action and could be considered to act upon both the CKD and immunological dimensions of IgAN (18–20).


SGLT2i

Results from trials of SGLT2i in non-diabetic CKD indicate a role for this class of drug in the treatment of IgAN (21, 22). In a prespecified analysis of patients with IgAN included in the DAPA-CKD trial, dapagliflozin significantly lowered the risk of the primary composite outcome (sustained decline in eGFR of ≥50%, end-stage kidney disease [ESKD], or death from a kidney disease-related or CV cause) (21). The EMPA-KIDNEY study, which included a broad range of CKD patients, including >800 with IgAN (23), showed that empagliflozin reduced the risk of the composite outcome of kidney disease progression or CV death compared with placebo (22). Together, DAPA-CKD and EMPA-KIDNEY support the broad use of SGLT2i in the treatment of CKD, including in IgAN patients who have reduced kidney function and persistent proteinuria.



DEARAs and ERAs

In the Phase 3, active-controlled PROTECT trial assessing the DEARA sparsentan (a selective dual endothelin-A receptor [ETAR] and angiotensin II receptor type 1 [AT1R] antagonist) vs. the maximum labeled dose of irbesartan, sparsentan treatment significantly reduced proteinuria (by on average 40%) over the full 2 years of the study and slowed the rate of loss of kidney function compared with irbesartan (1.0–1.1 ml/min per 1.73 m2 per year difference between arms) (18). Notably, the benefits observed in PROTECT with sparsentan vs. irbesartan appear to be largely independent of BP, with only a modest BP difference reported (18). However, it is important to note that hypotension occurred in a greater proportion of patients receiving sparsentan than irbesartan (13% vs. 4%, respectively) (18). Sparsentan received US Food and Drug Administration accelerated approval for the treatment of IgAN in adult patients at risk of rapid disease progression in 2023 and European Commission conditional marketing authorization for the treatment of adults with primary IgAN with a urine protein excretion ≥1.0 g/day (or UPCR ≥0.75 g/g) ((24, 25)).

Clinical trials of ERAs in IgAN are beginning to report outcomes. Atrasentan, a selective ETAR antagonist, is being investigated in IgAN. The Phase 2 AFFINITY open-label basket trial included an IgAN cohort with patients required to be on maximally tolerated and stable doses of RASi. Interim data to Week 24 demonstrated a reduction in proteinuria with addition of atrasentan (26). The Phase 3 ALIGN trial of atrasentan in IgAN patients is ongoing (27).



MRA

The Phase 3 FIDELIO-DKD study in patients with CKD and type 2 diabetes showed that treatment with finerenone, a selective, non-steroidal MRA, lowered the risk of the primary outcome event (kidney failure, a sustained decrease of ≥40% in eGFR from baseline or death from renal causes) and also of the key secondary outcome event (death from CV causes, non-fatal myocardial infarction, non-fatal stroke or hospitalization for heart failure) compared with placebo (28). The ongoing FIND-CKD trial is investigating the effect of finerenone in patients with non-diabetic CKD (29) and may deliver evidence for yet another approach for IgAN treatment.





Therapies addressing the immunological dimension

The key goals when addressing the immunological dimension of IgAN are (1) to stop the production of pathogenic IgA and the formation of circulating IgA immune complexes, (2) to switch off inflammatory pathways operating within the kidneys, and (3) to switch off pathways driving fibrosis within the kidneys. With the latter goal, we have made little progress in targeting profibrotic pathways in the kidneys and at present there is little on the horizon, particularly in IgAN.


Current options included in the KDIGO 2021 clinical practice guideline for IgAN

For ~50 years following the description of IgAN in 1968 as a distinct disease, no progress was made in the development of therapies to stop the production of pathogenic IgA or inhibit pathways driving fibrosis within the kidneys (30). Efforts had focused on limiting glomerular inflammation with systemic glucocorticoids, as employed in other inflammatory glomerulonephritides; however, data from these initially small, low-quality clinical trials in IgAN were mixed (31).

In 2021, the KDIGO guideline suggested that a 6-month course of systemic glucocorticoids could be considered in patients with proteinuria >1 g/day despite optimized supportive care. However, only after consideration of enrollment in a clinical trial and discussion with the patient on the likely toxicity risks. It was also recommended that systemic glucocorticoids be avoided in patients with low eGFR, obesity, diabetes, chronic infection, and/or severe hypertension amongst other conditions (3).

Both the STOP-IgAN (32, 33) and TESTING (34) trials investigated systemic glucocorticoids for treating IgAN. In STOP-IgAN, Caucasian patients with a high risk of progression were randomized to receive supportive care alone or supportive care plus immunosuppressive therapy (32). After 3 years, a greater proportion of patients in the intervention group achieved complete clinical remission, which included a UPCR <0.2 vs. the supportive care only group (17 vs. 5%, respectively; p = 0.01). However, a decrease in eGFR of ≥15 ml/min per 1.73 m2 occurred in 26 vs. 28% receiving intervention vs. supportive care only, respectively. A greater number of patients receiving systemic glucocorticoids than supportive care alone suffered from severe infections, impaired glucose tolerance and weight gain ≥5 kg in the first year (32). Over a follow-up period of ≤10 years, analysis of an adapted primary endpoint did not find any difference in outcomes between the two arms (33).

In TESTING, almost exclusively in South-East Asian IgAN patients at high risk of progression, patients were treated with oral methylprednisolone or placebo for 6–9 months (34). Proteinuria was significantly lower in the methylprednisolone vs. placebo group during follow-up. Furthermore, treatment with methylprednisolone significantly reduced the composite outcome of kidney function decline, kidney failure, or death due to kidney disease compared with placebo (34). Despite reductions in the risk of the composite outcome, it is noteworthy that the reduction in proteinuria observed was no longer apparent ~2.5–3 years after randomization (34). Serious adverse events (AEs) reported in TESTING included several infection-related deaths, all occurring with methylprednisolone, and led to the trial being halted (34). TESTING was restarted after a pause with a lower dose of methylprednisolone plus antimicrobial prophylaxis (sulfamethoxazole-trimethoprim); this lower dose regimen resulted in a lower incidence of serious AEs while showing no significant heterogeneity in terms of treatment effect compared with the full-dose regimen (34).

Together, STOP-IgAN (32, 33) and TESTING (34) indicate that targeting glomerular inflammation with systemic glucocorticoids in the short term reduces proteinuria while on treatment; however, proteinuria increases upon treatment termination. Corticosteroid-related benefits for long-term kidney outcomes are controversial and AEs can be significant.

Immunosuppressive drugs, including cyclophosphamide, tacrolimus and azathioprine, targeting pathogenic IgA production, have been tested in IgAN patients, often in combination with low-dose glucocorticoids, but are not recommended in the guidelines due to unclear/insufficient evidence of efficacy and tolerability. There are some data to suggest mycophenolate mofetil (MMF) may be beneficial in Chinese patients, where it has been used as a glucocorticoid sparing agent (3, 35).




Emerging and recently approved treatments


Targeting pathogenic IgA synthesis


B-cell modulation


Modified-release/targeted-release formulation budesonide (Nefecon)

The first therapy widely approved for the treatment of IgAN is a modified-release/targeted-release formulation of the glucocorticoid budesonide, designed to locally suppress pathogenic IgA production in the gut-associated lymphoid tissue (GALT) of the terminal ileum (36, 37). Results from the Phase 3 NefIgArd trial found that a 9-month treatment course of Nefecon lowered UPCR and reduced eGFR loss compared with placebo (38). Over 2 years (9 months on treatment and 15 months observational follow-up), the time-weighted average of eGFR demonstrated a significant benefit with Nefecon vs. placebo (delta 5.05 ml/min per 1.73 m2 [95% CI, 3.24–7.38; p < 0.0001]), suggesting a clinically relevant reduction in eGFR decline (39). Furthermore, eGFR total slope over 2 years demonstrated a difference of 2.95 ml/min per 1.73 m2 per year (95% CI, 1.67–4.58; p < 0.0001) in favor of Nefecon (39). However, it should be noted that following the initial positive acute effect on eGFR in the first 3 months of treatment with Nefecon, eGFR decline in both arms continued at a more similar rate over the remaining period of the trial. Furthermore, 3 months after treatment termination, UPCR increased in the Nefecon arm, suggesting that continued suppression of the GALT is required to maintain suppression of pathogenic IgA production and deliver renoprotection, consistent with biomarker data reported from the NEFIGAN study (40).



Inhibition of BAFF/APRIL

A number of agents targeting the cytokines A proliferation-inducing ligand (APRIL) and B-cell activating factor (BAFF), which regulate B-cell maturation, function, and survival, are currently in Phase 2 or 3 trials in IgAN. Sibeprenlimab and zigakibart are monoclonal antibodies that block APRIL. In early-phase studies both have been shown to reduce levels of Gd-IgA1 and proteinuria, and slow loss of kidney function (41–44). Combination blockade of BAFF and APRIL is also being evaluated in studies of atacicept, telitacicept, and povetacicept, with early data showing reductions in serum Gd-IgA1 and proteinuria. There are also early data showing that atacicept and telitacicept slow kidney function loss (45–47).



B/plasma cell depletion

While CD20 (B-cell) depletion with rituximab was shown to be ineffective in IgAN (48), other depletion strategies are being evaluated in IgAN. Two studies are ongoing examining CD38 (plasma-cell) depletion with felzartamab (49) and mezagitamab (50). A small study of the proteasome inhibitor bortezomib, a plasma cell-depleting agent, suggested some benefit of plasma cell depletion in IgAN (51).





Targeting inflammation

There is an increasing acceptance that systemic glucocorticoid use should be avoided or substantially limited in patients with kidney disease due to short-and long-term toxicity, and poor patient tolerability. There is emerging evidence that inhibition of complement activation may provide an equally efficacious, and more tolerable, alternative to systemic glucocorticoids in controlling inflammation in the kidneys. Inhibitors of the alternative, lectin, and final common pathways of complement are currently being evaluated in Phase 2 and Phase 3 clinical trials in IgAN (41, 42, 46, 52–54). Early indications are that inhibition of the alternative pathway with iptacopan appears to be beneficial in IgAN (53), while the Phase 3 ARTEMIS-IgAN trial of narsoplimab, a lectin pathway inhibitor, did not achieve the primary endpoint of reduction in proteinuria at 36 weeks vs. placebo (55).




The future for clinical trials in IgAN

The key goal when managing IgAN patients is to stop or slow further nephron loss. As nephron loss is driven by different pathogenic pathways in IgAN, this will only be achieved with combination therapy; a single-agent approach will unlikely be sufficient to prevent disease progression (56). A number of different therapeutic strategies are being evaluated in IgAN with the hope that it will be possible to combine these into multitargeted therapeutic drug regimens capable of addressing the individual drivers of nephron loss in IgAN. Future IgAN studies will need to focus on the safety and effectiveness of combination regimens that include drugs with different, complementary mechanisms.

Pleasingly, studies are already underway to investigate new drug combinations in both CKD and IgAN. Numerous studies are evaluating RASi, SGLT2i, and ERA combination therapy. The PROTECT open-label extension sub-study will assess the safety and efficacy of dapagliflozin in combination with stable sparsentan treatment in IgAN patients (57). The Phase 2 SPARTACUS study is investigating sparsentan with stable SGLT2i (58). The Phase 2 ASSIST crossover study will evaluate the safety and efficacy of atrasentan vs. placebo in IgAN patients already on RASi and SGLT2i therapy (59). In the recently reported Phase 2b ZENITH-CKD trial, the ERA zibotentan, combined with dapagliflozin, reduced albuminuria compared with dapagliflozin plus placebo in patients with proteinuric CKD (60, 61), and a follow-on Phase 3 study is currently recruiting (62).



A need to personalize IgAN treatment

IgAN is a highly heterogeneous disease, both within our own individual clinical practice, but also when considering the global pattern of disease (63–67). Therefore, a treatment approach tailored to a patient’s disease state and treatment needs is essential. The 2021 KDIGO guideline acknowledged this heterogeneity, and noted that there was some evidence for efficacy of MMF and hydroxychloroquine in Chinese IgAN patients which had not been replicated in Caucasians (3).

One of the major unanswered questions in IgAN remains why disease prevalence and severity increases as one moves from the West to the East, and why East and South Asians continue to experience poorer outcomes following migration to the Americas and Europe. It has been widely reported that the pattern of histopathological lesions in kidney biopsies and the response to therapeutic interventions can differ between ethnicities (63). Consistent with these observations, genome-wide association studies have demonstrated differences in the frequency of genome-wide significant risk loci for IgAN in different ethnicities, with a higher frequency of the identified risk loci in Chinese populations (63). As many of these risk loci involve pathogenic pathways currently being targeted by drugs in various phases of clinical development, it will be important in the future to consider ethnicity in treatment regimens.

A major area of unmet need in the management of IgAN is the availability of validated serum, urine and kidney biomarkers to direct treatment choice, to rigorously monitor treatment response and detect treatment-related toxicity (3, 56). There is a rapid growth in omics-based discovery studies in IgAN utilizing genomics, transcriptomics, and proteomics to identify biomarkers for IgAN diagnosis, prognostication, treatment selection and treatment monitoring (56, 68). At present, however, we do not have clinically validated serum or urine biomarkers (3), although numerous non-validated research assays are available to measure different factors, including Gd-IgA1, and assess the extent of intrarenal inflammation and activation of profibrotic pathways (56). If the goal is to truly personalize the approach to management, both for initiation and withdrawal of disease-modifying therapies, alone or in combination, we need easy-to-measure and accessible biomarkers that can be reliably introduced into routine clinical care. This must be a priority for researchers and the biotechnology industry over the coming years.



Future concepts

With the goal to stop, or reduce, nephron loss immediately upon diagnosis, multitargeted treatment should commence as soon as possible. The current process, as with many causes of CKD, is the sequential addition of therapies following treatment failure and disease worsening, meaning nephron loss continues while additional therapies are slowly utilized. An alternative approach to maximize nephron preservation would be to simultaneously deal with the CKD and immunological drivers of nephron loss using treatment combinations (Figure 2), delivering a multitargeted approach to pathogenic IgA production, inflammation and the maladaptive responses that have become established in response to existing nephron loss.
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FIGURE 2
 The pillars of IgAN treatment. To gain control of disease progression, the foundational basis of optimized kidney care should be initiated in combination with B/plasma cell-directed agents to switch off pathogenic IgA production and anti-inflammatory agents immediately after diagnosis. It should be noted that FIND-CKD investigating finerenone in IgAN is ongoing, and therefore MRA inclusion as a pillar of IgAN treatment remains to be confirmed. The inclusion of anti-fibrotic agents (dashed box) in this multilevel treatment strategy is aspirational as none are currently in clinical trials for IgAN. Once remission is achieved, therapies not required for maintenance may be removed with ongoing monitoring of eGFR and proteinuria. APRIL, a proliferation-inducing ligand; BAFF, B-cell activating factor; CD38, cluster of differentiation 38; DEARA, dual endothelin angiotensin receptor antagonist; eGFR, estimated glomerular filtration rate; ERA, endothelin receptor antagonist; IgAN, IgA nephropathy; MRA, mineralocorticoid receptor antagonist; RASi, renin–angiotensin system inhibitors; SGLT2i, sodium–glucose cotransporter-2 inhibitors.


As most patients with IgAN present with established CKD, optimized supportive kidney care is essential. This requires lifestyle modification advice alongside optimization of BP, CV risk reduction, and commencement of RASi, with the potential addition of an ERA, SGLT2i, and MRA. Alternatively, the combined antagonism of AT1R and ETAR, provided by the DEARA sparsentan, with addition of an SGLT2i and an MRA. Hypotension may be a limiting factor to starting all of these drugs in young IgAN patients and further study will be required to understand the best approach for such a strategy. Whether it is better to use a maximal dose of RASi and add an ERA (or switch to DEARA), SGLT2i, and/or MRA, depending on tolerability, or whether it is better to have the patient on low/medium doses of all drugs to gain from their different mechanisms of action, akin to the European Society of Cardiology’s 2021 Heart Failure guideline for initiation of the “Four Pillars” of treatment (69), needs to be established.

When addressing the immunological drivers for nephron loss, like all other forms of inflammatory immune-mediated glomerular disease, such as anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) and lupus nephritis, combined therapies to tackle inflammation and pathogenic antibody/autoantibody synthesis should be initiated at diagnosis (69). As with the treatment of AAV (70) the induction of remission in IgAN may require treatment combinations which are then stripped back following achievement of remission, as the maintenance phase begins. It is likely that once pathogenic IgA production is controlled there will be less reliance on anti-inflammatory drugs and complete withdrawal may be possible. Rather than aiming for complete withdrawal of B/plasma cell modulators/depleters, it may be necessary to consider cyclical treatments that would maximize efficacy while limiting adverse events and toxicity, as is currently employed in AAV with cyclical rituximab treatment to maintain long-term remission.



Conclusion

The goal when treating patients with IgAN should be to save all remaining nephrons and prevent kidney failure in the patient’s lifetime if possible. This requires simultaneously addressing the maladaptive responses to nephron loss that are seen in all causes of CKD, and the specific immunological drivers of IgAN. With the great strides that have been made over the past 5 years, and ongoing clinical trials, the next few years should see a comprehensive IgAN treatment armamentarium become available. Determining how we use this wealth of treatment options will become increasingly important.



Author contributions

JB: Conceptualization, Writing – review & editing. RL: Conceptualization, Writing – review & editing. JF: Conceptualization, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This review was sponsored by Vifor (International) AG, Switzerland.



Acknowledgments

Medical writing support was provided by Sarah Pinder (Elements Communications Ltd., United Kingdom).



Conflict of interest

JB is a consultant for Alebund, Alnylam Pharmaceuticals Inc., Alpine, Argenx, Astellas, BioCryst, Calliditas, Chinook, Dimerix, HiBio, Kira, Novartis, Omeros, Otsuka, Q32 Bio, Roche, Sanofi, Takeda, Travere Therapeutics, Vera Therapeutics, CSL Vifor, and Visterra; has received research funding from Argenx, Calliditas, Chinook, Galapagos, GlaxoSmithKline, Novartis, Omeros, Travere Therapeutics, and Visterra; has roles on the Editorial Boards of CJASN, Clinical Science, Glomerular Diseases, and Kidney International; has an advisory or leadership role as Treasurer of International IgA Nephropathy Network. JF is a Senior Professor at the RWTH Aachen University Hospital; is a consultant for Calliditas, Chinook, Omeros, Travere, Novartis, Bayer, AstraZeneca, CSL Vifor and Fresenius; has received honoraria from Calliditas, Omeros, Otsuka, GSK, Travere, Novartis, Bayer, AstraZeneca, CSL Vifor and Fresenius; and is a member of data safety monitoring boards of Novo Nordisk and Visterra. RL is a consultant for Omeros, Calliditas, Travere, Vera, Apellis, Otsuka, Visterra, Novartis, Alexion and Chinook; has received research grants from Omeros, Calliditas, Travere, Vera, Apellis, Otsuka, Visterra, and Chinook; and has received support for travel or attending meetings from Calliditas and Otsuka. All authors are members of the Academic Leadership Committee for the Narsoplimab in IgAN Drug Development Programme. CSL Vifor participated in preparation and review of the manuscript, and the decision to submit the article for publication.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. McGrogan, A, Franssen, CFM, and de Vries, CS. The incidence of primary glomerulonephritis worldwide: a systematic review of the literature. Nephrol Dial Transplant. (2011) 26:414–30. doi: 10.1093/ndt/gfq665 

 2. Schena, FP, and Nistor, I. Epidemiology of IgA nephropathy: a global perspective. Semin Nephrol. (2018) 38:435–42. doi: 10.1016/j.semnephrol.2018.05.013 

 3. Kidney Disease: Improving Global Outcomes (KDIGO) Glomerular Diseases Work Group. KDIGO
. Clinical practice guideline for the management of glomerular diseases. Kindey Int. (2021) 100:S1–S276. doi: 10.1016/j.kint.2021.05.021


 4. Pitcher, D, Braddon, F, Hendry, B, Mercer, A, Osmaston, K, Saleem, MA , et al. Long-term outcomes in IgA nephropathy. Clin J Am Soc Nephrol. (2023) 18:727–38. doi: 10.2215/CJN.0000000000000135 

 5. Kwon, CS, Daniele, P, Forsythe, A, and Ngai, C. A systematic literature review of the epidemiology, health-related quality of life impact, and economic burden of immunoglobulin A nephropathy. J Health Econ Outcomes Res. (2021) 8:36–45. doi: 10.36469/jheor.2021.26129


 6. Caster, DJ, Abner, CW, Walker, PD, Wang, K, Heo, J, Rava, AR , et al. Clinicopathological characteristics of adult IgA nephropathy in the United States. Kidney Int Rep. (2023) 8:1792–800. doi: 10.1016/j.ekir.2023.06.016 

 7. Li, X, Zeng, M, Liu, J, Zhang, S, Liu, Y, Zhao, Y , et al. Identifying potential biomarkers for the diagnosis and treatment of IgA nephropathy based on bioinformatics analysis. BMC Med Genet. (2023) 16:63. doi: 10.1186/s12920-023-01494-y 

 8. Gounden, V, Bhatt, H, and Jialal, I. Renal function tests. Treasure Island (FL): StatPearls Publishing (2023).


 9. Pattrapornpisut, P, Avila-Casado, C, and Reich, HN. IgA nephropathy: Core curriculum 2021. Am J Kidney Dis. (2021) 78:429–41. doi: 10.1053/j.ajkd.2021.01.024 

 10. Floege, J, Rauen, T, and Tang, SCW. Current treatment of IgA nephropathy. Semin Immunopathol. (2021) 43:717–28. doi: 10.1007/s00281-021-00888-3 

 11. Brenner, BM
. Remission of renal disease: recounting the challenge, acquiring the goal. J Clin Invest. (2002) 110:1753–8. doi: 10.1172/JCI17351 

 12. Kriz, W, and LeHir, M. Pathways to nephron loss starting from glomerular diseases-insights from animal models. Kidney Int. (2005) 67:404–19. doi: 10.1111/j.1523-1755.2005.67097.x 

 13. Piani, F, Reinicke, T, Borghi, C, Tommerdahl, KL, Cara-Fuentes, G, Johnson, RJ , et al. Acute kidney injury in pediatric diabetic kidney disease. Front Pediatr. (2021) 9:668033. doi: 10.3389/fped.2021.668033 

 14. Schnaper, HW
. Remnant nephron physiology and the progression of chronic kidney disease. Pediatr Nephrol. (2014) 29:193–202. doi: 10.1007/s00467-013-2494-8 

 15. Boyd, JK, Cheung, CK, Molyneux, K, Feehally, J, and Barratt, J. An update on the pathogenesis and treatment of IgA nephropathy. Kidney Int. (2012) 81:833–43. doi: 10.1038/ki.2011.501


 16. Lai, KN
. Pathogenesis of IgA nephropathy. Nat Rev Nephrol. (2012) 8:275–83. doi: 10.1038/nrneph.2012.58


 17. Knoppova, B, Reily, C, King, RG, Julian, BA, Novak, J, and Green, TJ. Pathogenesis of IgA nephropathy: current understanding and implications for development of disease-specific treatment. J Clin Med. (2021) 10:4501. doi: 10.3390/jcm10194501 

 18. Rovin, BH, Barratt, J, Heerspink, HJL, Alpers, CE, Bieler, S, Chae, DW , et al. Efficacy and safety of sparsentan versus irbesartan in patients with IgA nephropathy (PROTECT): 2-year results from a randomised, active-controlled, phase 3 trial. Lancet. (2023) 402:2077–90. doi: 10.1016/S0140-6736(23)02302-4 

 19. Jenkinson, C, Moldoveanu, Z, Komers, R, Hall, S, Huang, ZQ, Knoppova, B , et al. Protective effects of sparsentan from proliferative glomerular injury induced by administration of human immune complexes in a murine model of experimental IgA nephropathy. Kidney Int Rep. (2019) 4:S5–6. doi: 10.1016/j.ekir.2019.05.031


 20. Nagasawa, H, Suzuki, H, Jenkinson, C, Ueda, S, Fukao, Y, Nakayama, M , et al. Sparsentan, the dual endothelin angiotensin receptor antagonist (DEARA), attenuates albuminuria and protects from the development of renal injury to a greater extent than losartan in the GDDY mouse model of IGA nephropathy: a 16-week study. Nephrol Dial Transplant. (2022) 37:i183. doi: 10.1093/ndt/gfac067.060


 21. Wheeler, DC, Toto, RD, Stefánsson, BV, Jongs, N, Chertow, GM, Greene, T , et al. A pre-specified analysis of the DAPA-CKD trial demonstrates the effects of dapagliflozin on major adverse kidney events in patients with IgA nephropathy. Kidney Int. (2021) 100:215–24. doi: 10.1016/j.kint.2021.03.033 

 22. EMPA-KIDNEY Collaborative Group
. Empagliflozin in patients with chronic kidney disease. N Engl J Med. (2023) 388:117–27. doi: 10.1056/NEJMoa2204233 

 23. Nuffield Department of Population Health Renal Studies Group, SGLT2 inhibitor Meta-Analysis Cardio-Renal Trialists’ Consortium
. Impact of diabetes on the effects of sodium glucose co-transporter-2 inhibitors on kidney outcomes: collaborative meta-analysis of large placebo-controlled trials. Lancet. (2022) 400:1788–801. doi: 10.1016/S0140-6736(22)02074-8 

 24. EMA (2024). Summary of product characteristics: FILSPARI™ (sparsentan) tablets. Available at: https://ec.europa.eu/health/documents/community-register/2024/20240419162133/anx_162133_en.pdf (Accessed June 2024).


 25. FDA (2024). US prescribing information: FILSPARI™ (sparsentan) tablets. Available at: https://www.accessdata.fda.gov/drugsatfda_docs/label/2023/216403s000lbl.pdf (Accessed June 2024).


 26. Rastogi, A, Rheault, MN, Kim, S, Kim, Sung Gyun, Vo, Nam D., Ranganathan, Dwarakanathan , et al. (2022). Atrasentan for the treatment of IgA nephropathy: interim results from the AFFINITY study. Presented at the American Society for Nephrology, Florida, November 3–6, 2022.


 27. ClinicalTrials.gov (2022). NCT04573478. Atrasentan in patients with IgA nephropathy (ALIGN). Available at: https://clinicaltrials.gov/study/NCT04573478 (Accessed November 2023)


 28. Bakris, GL, Agarwal, R, Anker, SD, Pitt, B, Ruilope, LM, Rossing, P , et al. Effect of finerenone on chronic kidney disease outcomes in type 2 diabetes. N Engl J Med. (2020) 383:2219–29. doi: 10.1056/NEJMoa2025845


 29. ClinicalTrials.gov (2023). NCT05047263. A trial to learn how well finerenone works and how safe it is in adult participants with non-diabetic chronic kidney disease (FIND-CKD). https://clinicaltrials.gov/study/NCT05047263 (Accessed November 2023)


 30. Tang, SC-W
. IgA nephropathy: a tale of 3 continents. Glomerular Dis. (2021) 2:1–3. doi: 10.1159/000521511 

 31. Caster, DJ, and Lafayette, RA. The treatment of primary IgA nephropathy: change, change, change. Am J Kidney Dis. (2023) 83:229–40. doi: 10.1053/j.ajkd.2023.08.007


 32. Rauen, T, Eitner, F, Fitzner, C, Sommerer, C, Zeier, M, Otte, B , et al. Intensive supportive care plus immunosuppression in IgA nephropathy. N Engl J Med. (2015) 373:2225–36. doi: 10.1056/NEJMoa1415463 

 33. Rauen, T, Wied, S, Fitzner, C, Eitner, F, Sommerer, C, Zeier, M , et al. After ten years of follow-up, no difference between supportive care plus immunosuppression and supportive care alone in IgA nephropathy. Kidney Int. (2020) 98:1044–52. doi: 10.1016/j.kint.2020.04.046 

 34. Lv, J, Wong, MG, Hladunewich, MA, Jha, V, Hooi, LS, Monaghan, H , et al. Effect of oral methylprednisolone on decline in kidney function or kidney failure in patients with IgA nephropathy: the TESTING randomized clinical trial. JAMA. (2022) 327:1888–98. doi: 10.1001/jama.2022.5368 

 35. Tan, J, Dong, L, Ye, D, Tang, Y, Hu, T, Zhong, Z , et al. The efficacy and safety of immunosuppressive therapies in the treatment of IgA nephropathy: a network meta-analysis. Sci Rep. (2020) 10:6062. doi: 10.1038/s41598-020-63170-w 

 36. Liao, J, Zhou, Y, Xu, X, Huang, K, Chen, P, Wu, Y , et al. Current knowledge of targeted-release budesonide in immunoglobulin a nephropathy: a comprehensive review. Front Immunol. (2022) 13:926517. doi: 10.3389/fimmu.2022.926517 

 37. Van Kruiningen, HJ, West, AB, Freda, BJ, and Kimberly, AH. Distribution of Peyer’s patches in the distal ileum. Inflamm Bowel Dis. (2002) 8:180–5. doi: 10.1097/00054725-200205000-00004 

 38. Barratt, J, Lafayette, R, Kristensen, J, Stone, A, Cattran, D, Floege, J , et al. Results from part A of the multi-center, double-blind, randomized, placebo-controlled NefIgArd trial, which evaluated targeted-release formulation of budesonide for the treatment of primary immunoglobulin A nephropathy. Kidney Int. (2023) 103:391–402. doi: 10.1016/j.kint.2022.09.017 

 39. Lafayette, R, Kristensen, J, Stone, A, Floege, J, Tesař, V, Trimarchi, H , et al. Efficacy and safety of a targeted-release formulation of budesonide in patients with primary IgA nephropathy (NefIgArd): 2-year results from a randomised phase 3 trial. Lancet. (2023) 402:859–70. doi: 10.1016/S0140-6736(23)01554-4 

 40. Wimbury, D, Muto, M, Bhachu, JS, Scionti, K, Brown, J, Molyneux, K , et al. Targeted-release budesonide modifies key pathogenic biomarkers in immunoglobulin A nephropathy: insights from the NEFIGAN trial. Kidney Int. (2023) 105:381–8. doi: 10.1016/j.kint.2023.11.003 

 41. Mathur, M, Barratt, J, Chacko, B, Chan, TM, Kooienga, L, Oh, KH , et al. A phase 2 trial of sibeprenlimab in patients with IgA nephropathy. N Engl J Med. (2024) 390:20–31. doi: 10.1056/NEJMoa2305635 

 42. Barratt, J, Kooienga, L, Agha, I, Ruiz-Ramon, P, Madan, A, Thomas, H , et al. Updated interim results of a phase 1/2 study of BION-1301 in patients with IgA nephropathy. Nephrol Dial Transplant. (2023) 38:i934. doi: 10.1093/ndt/gfad063c_4337


 43. Barratt, J, Kim, S, Agha, I, Ruiz-Ramon, P, Madan, A, Thomas, H , et al. Updated interim results of a phase 1/2 study of BION-1301 in patients with IgA nephropathy. Kidney Int Rep. (2023) 8:S280–1. doi: 10.1016/j.ekir.2023.02.632


 44. Kim, S, Lee, E, Narayanan, R, Sorensen, B, Schwartz, BM, King, AJ , et al. A phase 1/2 multicenter study to investigate the safety, tolerability, pharmacokinetics and pharmacodynamis of BION-1301 in healthy volunteers and adults with IgA nephropathy (abstract 1107). Kidney Int Rep. (2023) 8:S280. doi: 10.1016/j.ekir.2023.02.631


 45. Barratt, J, Tumlin, J, Suzuki, Y, Kao, A, Aydemir, A, Pudota, K , et al. Randomized phase II JANUS study of Atacicept in patients with IgA nephropathy and persistent proteinuria. Kidney Int Rep. (2022) 7:1831–41. doi: 10.1016/j.ekir.2022.05.017 

 46. Lv, J, Liu, L, Hao, C, Li, G, Fu, P, Xing, G , et al. Randomized phase 2 trial of telitacicept in patients with IgA nephropathy with persistent proteinuria. Kidney Int Rep. (2023) 8:499–506. doi: 10.1016/j.ekir.2022.12.014 

 47. Tumlin, J, Singh, H, Cortazar, F , et al. (2023). Povetacicept, an enhanced dual BAFF/APRIL antagonist, in autoantibody- associated glomerulonephritis (GN) (abstract TH-PO1125). Presented at the American Society for Nephrology Kidney Week, Pennsylvania USA, November 1–5, 2023.


 48. Lafayette, RA, Canetta, PA, Rovin, BH, Appel, GB, Novak, J, Nath, KA , et al. A randomized, controlled trial of rituximab in IgA nephropathy with proteinuria and renal dysfunction. J Am Soc Nephrol. (2017) 28:1306–13. doi: 10.1681/ASN.2016060640 

 49. ClinicalTrials.gov (2024). NCT05065970. Clinical trial to assess efficacy and safety of the human anti-CD38 antibody felzartamab (MOR202) in IgA nephropathy (IGNAZ). Available at: https://www.clinicaltrials.gov/study/NCT05065970?cond=NCT05065970&rank=1 (Accessed January 2024)


 50. ClinicalTrials.gov (2024). NCT05174221. A study of mezagitamab in adults with primary immunoglobulin A nephropathy receiving stable background therapy. Available at: https://www.clinicaltrials.gov/study/NCT05174221?cond=NCT05174221&rank=1 (Accessed January 2024)


 51. Hartono, C, Chung, M, Perlman, AS, Chevalier, JM, Serur, D, Seshan, SV , et al. Bortezomib for reduction of proteinuria in IgA nephropathy. Kidney Int Rep. (2018) 3:861–6. doi: 10.1016/j.ekir.2018.03.001 

 52. Vera Therapeutics (2023). Press release: Vera Therapeutics announces positive Week 36 efficacy and safety results of Phase 2b ORIGIN clinical trial of atacicept in IgAN in late-breaking presentation at 60th European Renal Association (ERA) congress. Available at: https://ir.veratx.com/news-releases/news-release-details/vera-therapeutics-announces-positive-week-36-efficacy-and-safety (Accessed November, 2023)


 53. Zhang, H, Rizk, DV, Perkovic, V, Maes, B, Kashihara, N, Rovin, B , et al. Results of a randomized double-blind placebo-controlled phase 2 study propose iptacopan as an alternative complement pathway inhibitor for IgA nephropathy. Kidney Int. (2023) 105:189–99. doi: 10.1016/j.kint.2023.09.027 

 54. Barbour, S, Makris, A, Hladunewich, M, Tan, S-J, Wong, MG, Jun, JCC , et al. An exploratory trial of an investigational RNA therapeutic, IONIS-FB-LRx, for treatment of IgA nephropathy: new interim results. J Am Soc Nephrol. (2023) 34:988. doi: 10.1681/ASN.20233411S1988b


 55. Omeros (2023). Press release: Omeros Corporation provides update on interim analysis of ARTEMIS-IGAN Phase 3 trial of narsoplimab in IgA nephropathy. Available at: https://investor.omeros.com/news-releases/news-release-details/omeros-corporation-provides-update-interim-analysis-artemis-igan (Accessed November 2023)


 56. Selvaskandan, H, Shi, S, Twaij, S, Cheung, CK, and Barratt, J. Monitoring immune responses in IgA nephropathy: biomarkers to guide management. Front Immunol. (2020) 11:572754. doi: 10.3389/fimmu.2020.572754 

 57. ClinicalTrials.gov (2023). NCT03762850. A study of the effect and safety of sparsentan in the treatment of patients with IgA nephropathy (PROTECT). Available at: https://clinicaltrials.gov/study/NCT03762850 (Accessed November 2023)


 58. ClinicalTrials.gov (2023). NCT05856760. A study to investigate safety and effect of sparsentan in combination with SGLT2 inhibition in participants with IgAN (SPARTACUS). Available at: https://clinicaltrials.gov/study/NCT05856760 (Accessed November 2023)


 59. ClinicalTrials.gov (2023). NCT05834738. Randomized, double-blind, placebo-controlled, crossover study of atrasentan in subjects with IgA nephropathy (ASSIST). Available at: https://www.clinicaltrials.gov/study/NCT05834738 (Accessed November 2023)


 60. ClinicalTrials.gov (2023). NCT04724837. Zibotentan and dapagliflozin for the treatment of CKD (ZENITH-CKD Trial) (ZENITH-CKD). Available at: https://clinicaltrials.gov/study/NCT04724837 (Accessed November 2023)


 61. Heerspink, HJL, Kiyosue, A, Wheeler, DC, Lin, M, Wijkmark, E, Carlson, G , et al. Zibotentan in combination with dapagliflozin compared with dapagliflozin in patients with chronic kidney disease (ZENITH-CKD): a multicentre, randomised, active-controlled, Phase 2b, clinical trial. Lancet. (2023) 402:2004–17. doi: 10.1016/S0140-6736(23)02230-4 

 62. ClinicalTrials.gov (2023). NCT06087835: Study to investigate efficacy, safety, and tolerability of zibotentan/dapagliflozin compared to dapagliflozin in participants with chronic kidney disease and high proteinuria (ZENITH High Proteinuria). Available at: https://www.clinicaltrials.gov/study/NCT06087835 (Accessed November 2023)


 63. Yeo, SC, Goh, SM, and Barratt, J. Is immunoglobulin A nephropathy different in different ethnic populations? Nephrology (Carlton). (2019) 24:885–95. doi: 10.1111/nep.13592


 64. Barratt, J, and Feehally, J. IgA nephropathy. J Am Soc Nephrol. (2005) 16:2088–97. doi: 10.1681/ASN.2005020134


 65. Rodrigues, JC, Haas, M, and Reich, HN. IgA nephropathy. Clin J Am Soc Nephrol. (2017) 12:677–86. doi: 10.2215/CJN.07420716 

 66. Wyatt, RJ, and Julian, BA. IgA nephropathy. N Engl J Med. (2013) 368:2402–14. doi: 10.1056/NEJMra1206793


 67. Barbour, SJ, Espino-Hernandez, G, Reich, HN, Coppo, R, Roberts, ISD, Feehally, J , et al. The MEST score provides earlier risk prediction in lgA nephropathy. Kidney Int. (2016) 89:167–75. doi: 10.1038/ki.2015.322 

 68. Zhang, Y-M, Zhou, X-J, and Zhang, H. What genetics tells us about the pathogenesis of IgA nephropathy: the role of immune factors and infection. Kidney Int Rep. (2017) 2:318–31. doi: 10.1016/j.ekir.2017.02.005 

 69. Straw, S, McGinlay, M, and Witte, KK. Four pillars of heart failure: contemporary pharmacological therapy for heart failure with reduced ejection fraction. Open Heart. (2021) 8:e001585. doi: 10.1136/openhrt-2021-001585 

 70. Hellmich, B, Sanchez-Alamo, B, Schirmer, JH, Berti, A, Blockmans, D, Cid, MC , et al. EULAR recommendations for the management of ANCA-associated vasculitis: 2022 update. Ann Rheum Dis. (2023) 83:30–47. doi: 10.1136/ard-2022-223764 


Copyright
 © 2024 Barratt, Lafayette and Floege. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Therapy of IgA nephropathy: time for a paradigm change



		Introduction



		Approaching IgAN treatment



		The CKD dimension of IgAN



		The immunological dimension of IgAN









		Therapies addressing the CKD dimension



		Current options included in the KDIGO 2021 clinical practice guideline for IgAN



		Emerging and recently approved treatments



		SGLT2i



		DEARAs and ERAs



		MRA















		Therapies addressing the immunological dimension



		Current options included in the KDIGO 2021 clinical practice guideline for IgAN









		Emerging and recently approved treatments



		Targeting pathogenic IgA synthesis



		B-cell modulation



		Modified-release/targeted-release formulation budesonide (Nefecon)



		Inhibition of BAFF/APRIL



		B/plasma cell depletion















		Targeting inflammation









		The future for clinical trials in IgAN



		A need to personalize IgAN treatment



		Future concepts



		Conclusion



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fmed-11-1461879-g001.jpg
Typical timepoint IgAN is
diagnosed, ie when >50% of
nephrons are lost

“CKD dimension” of IgAN

Adverse response to loss of nephrons,
systemic and glomerular hypertension,
and tubulointerstital response to proteinuria

Disease-specific cause further nephron loss

Relative immune-mediated
contribution nephron loss

to nephron loss

“Immunological dimension” of IgAN

Disease natural history

Nephron number





OPS/images/fmed-11-1461879-g002.jpg
B/plasma cell modulators B/plasma cell depleters
Targeting pathogenic IgA

synthesis l ‘ BAFF ‘ ‘ ‘ ‘ ‘
[ APRIL APRIL Nefecon CD38 (?)
k|
Targeting inflammation | Complemefit ‘ Nefecon ‘ ‘ Gliocorticostersids ‘ | Anti-fibrotic
inhibitors | agentts)

<

DEARA

Foundation of

st ey ated ([ sami | [ wmaer |






OPS/images/cover.jpg
’ frontiers = Frontiers in Medicine

Therapy of IgA nephropathy: time
for a paradigm change












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
¥ frontiers Frontiers in Medicine






