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Recent Advances in IgA Nephropathy Treatment
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Abstract

Among patients with IgA nephropathy (IgAN), kidney failure develops in =30% of cases within 20 to 30
years, despite optimized standard care. A critical step in the pathogenesis of IgAN is the production of galac-
tose-deficient 1IgA1(Gd-IgA1), which triggers autoantibody release. Historically, interventions for IgAN have
focused on supportive treatments, such as renin—angiotensin system inhibitors. With an improved understand-
ing of disease pathogenesis, treatments can be categorized according to the “four-hit hypothesis, targeting dif-
ferent stages of the process. Therapeutic strategies are now divided into non-immunologic (e.g., ACEi/ARBs,
Sodium-glucose cotransporter-2 (SGLT2) inhibitors, sparsentan) and immunologic therapies(e.g., corticoste-
roids, Nefecon, APRIL/BAFF inhibition, complement blockade).Immunologic therapy in IgAN has traditionally
been limited to glucocorticoids, which are associated with significant adverse effects. In December 2023, an
oral, delayed-release formulation of budesonide (Nefecon) became the first drug to receive full approval from
the U.S. Food and Drug Administration (FDA) for the treatment of IgAN. Sparsentan is a dual endothelin and
angiotensin |l receptor antagonist that has been shown to reduce proteinuria and slow kidney function decline
in adults with IgAN who are at risk of disease progression. Atrasentan, a selective endothelin type A receptor
antagonist currently being evaluated in a phase 3 clinical trial, has also demonstrated a significant reduction
in proteinuria at 36 weeks. This review summarizes key studies on the treatment of IgA nephropathy (IgAN),
which is now entering a new therapeutic era.
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Introduction

IgA nephropathy (IgAN) is the most common
cause of primary glomerulonephritis worldwide!.
Patients may present with a wide range of signs
and symptoms, from asymptomatic microscopic
hematuria to macroscopic hematuria. The clinical
progression of the disease varies, with 30-40% of

patients developing end-stage renal disease (ESRD)

20-30 years after their initial clinical presentation!-.
Despite the significant burden and prevalence of
kidney failure associated with IgAN, the main-
stay of disease management has been supportive
care using renin angiotensin system (RAS) block-
ers to attenuate proteinuria and control blood pres-
sure!. There were no approved targeted treatments
for the condition until recently. With an improved

understanding of disease pathogenesis, ‘the four-
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hit hypothesis” (Figure 1), several pharmacothera-
pies with novel mechanisms of action are now being
evaluated to address this unmet need. With recent
advances in the treatment of IgAN, nephrologists
are calling for a new paradigm, and KDIGO has
just released new 2025 guidelines for IgAN*. In
this review, we summarize key studies on the treat-
ment of IgAN, including results from several phase
3 trials, to provide updated insights into anticipated
changes in management of I[gAN over the next 5 to

10 years®.

IgAN pathogenesis

Recent advancements have improved our
understanding of IgAN pathogenesis. A central
feature of IgAN is an increase in circulating levels
of galactose-deficient IgAl (Gd-IgA1)S. Gd-IgAl
refers to a form of IgAl that is poorly galactosyl-
ated. In a normal IgA1 molecule, there is significant
galactosylation at the hinge region. However, in indi-
viduals with IgAN, this galactosylation is deficient
or absent, which leaves the hinge region exposed.
This exposure turns the hinge region into an auto-
antigen, as the protective galactose is no longer

present. The underlying concept is that when galac-

Figure 1.

tosylation is removed, the previously hidden antigen
is now exposed, triggering an autoimmune response
that contributes to the development of IgAN. IgAN
has been proposed to develop through a “four-hit
hypothesis™: (1) overproduction of glycosylated
galactose-deficient IgA1 (Gd-IgAl) (2) formation
of anti-Gd-IgAl autoantibodies (3) aggregation
of Gd-IgAl and formation of IgAl immune com-
plexes (4) and, lastly, deposition of these immune
complexes in the glomerular mesangium, leading
to kidney inflammation and scarring®. The alterna-
tive complement pathway is the major complement
cascade activator in IgAN, and glomerular C3 depo-
sition has been shown to correlate with disease pro-

gression’.

Treatment strategy

Therapeutic strategies can be divided into non-
immunologic (e.g., ACEi/ARBs, SGLT2 inhibi-
tors, sparsentan) and immunologic therapies (e.g.,
corticosteroids, Nefecon, APRIL/BAFF inhibi-
tion, complement blockade)(Table 1)*38. Using
non-immunologic therapies to manage IgAN as
a chronic kidney disease (CKD) aims to decrease
proteinuria and slow the decline of renal function.
With an improved understanding of disease patho-
genesis, treatments can be categorized accord-
ing to the ‘four-hit hypothesis,” targeting different
stages of the process. According to the KDIGO 2021
Clinical Practice Guideline for the Management of
Glomerular Diseases, the primary focus of manage-
ment should be optimized supportive care, which
encompasses rigorous BP control (<120/70 mmHg),
optimal inhibition of the renin—angiotensin system
(RAS), and lifestyle modification, including weight
reduction, exercise, smoking cessation, and dietary
sodium restriction. KDIGO 2021 guideline recom-
mend a stepwise approach: supportive care as first-
line and considering systemic corticosteroids for
high-risk cases after >3 months of optimized care.

Supportive care with RAS inhibitors (RASi) remain
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the standard of care for managing adult patients
with IgAN. If the patient has proteinuria >0.5 g/d,
KDIGO recommend that initial therapy be with
either an angiotensin-converting enzyme inhibitor
(ACEi) or angiotensin II receptor blocker (ARB)'.
The 2025 KDIGO guideline introduces a major
new concept: treatment simultaneously with (i) ther-
apies aimed at preventing or reducing pathogenic
IgA production and immune complex formation, and
(ii) interventions that manage the effects of nephron
loss due to established IgAN*. Although the 2021
guideline recommended reducing proteinuria to <1
g/day, accumulating evidence has shown that pro-
teinuria >0.5 g/day is a biomarker of increased risk
for kidney disease progression in IgAN. Therefore,
the new 2025 KDIGO guideline has revised the
proteinuria target to <0.5 g/day, ideally <0.3 g/day,

regardless of I[gAN treatment status®*.

Renin-Angiotensin System(RAS) inhibitors
Previous randomized controlled trials (RCT)
endorse the use of RAS inhibitors (RASi) in IgAN.
In a RCT of 109 Asian patients with IlgAN, ARB
(valsartan) significantly reduced proteinuria and
slowed renal deterioration®. In an RCT of 44 Euro-
pean patients with [lgAN, ACE inhibitors (enalapril)
significantly improved renal survival in proteinuric
IgAN patients with normal or moderately reduced
renal function'. On the other hand, according
to recent understandings of IgAN pathogenesis,
immunologic therapy has become a key strategy to
target IgAN-specific mechanisms, such as reduc-
ing the production of the pathogenic form of IgA
(Gd-IgAl) and its associated complexes. Other new
immunologic therapies, including anti-inflamma-
tory approaches, aim to mitigate the downstream
effects of immune complex deposition and inflam-
mation in the kidneys. The three main strategies—
managing CKD, targeting Gd-IgAl and immune
complexes, and employing anti-inflammatory treat-

ments—represent the primary avenues for advanc-

ing IgAN therapy in the coming years>.

Systemic corticosteroids

However, the safety and efficacy of systemic
steroid treatment are still under debate!*>. The evi-
dence of systemic corticosteroids mainly came from
two large RCTs, STOP-IgAN and TESTING trial.
The STOP-IgAN trial included 162 IgAN patients
who were randomly assigned to either continue
supportive care or receiving supportive care plus
immunosuppressive therapy!l. After 3 years, the
STOP-IgAN trial found that the addition of immu-
nosuppressive therapy to intensive supportive care
in high-risk IgAN patients did not significantly
improve outcomes. And, more adverse effects were
observed in patients who received immunosup-
pressive therapy!'!. After 10 years of follow-up, the
STOP-IgAN researchers evaluated renal outcomes
in terms of the time to first occurrence of a com-
posite endpoint: death, end-stage kidney disease
(ESKD), or a decline of more than 40% in esti-
mated glomerular filtration rate(eGFR). The analy-
sis showed no difference between supportive care
plus immunosuppression and supportive care alone
in [gAN!2,

The evidence of systemic steroid mainly came
from another study, the Therapeutic Evaluation of
Steroids in IgA Nephropathy Global (TESTING)
study. The TESTING study was a randomized clini-
cal trial comparing oral methylprednisolone with
placebo on the risk of important kidney outcomes
in people with IgAN receiving appropriate support-
ive therapy. In the initial full-dose design, patients
were randomized 1:1 to oral methylprednisolone
(0.6-0.8mg/kg/d; maximum,48mg/d) or matching
placebo. Recruitment for this full-dose trial was
halted midway due to an increased incidence of
serious infections in the corticosteroid group'3.

Then, the study resumed using a reduced-
dose regimen (0.4 mg/kg/day, maximum 32 mg/
day, tapered by 4 mg/day per month), along with the
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addition of antibiotic prophylaxis against Pneumo-
cystis pneumonia for subsequent participants. The
recently published TESTING study showed that,
among patients with IgAN at high risk of progres-
sion, treatment with oral methylprednisolone for 6
to 9 months, significantly reduced the risk of the
composite outcome of kidney function decline,
kidney failure, or death due to kidney disease com-
pared with placebo. However, the incidence of
serious adverse events increased with oral methyl-
prednisolone, mainly with high-dose regimen'4. The
new 2025 KDIGO guideline recommend: “In set-
tings where Nefecon is not available, we suggest that
patients who are at risk of progressive loss of kidney
function with IgAN be treated with a reduced-dose
systemic glucocorticoid regimen combined with

antimicrobial prophylaxis™.

Tonsillectomy

Studies from Japan have reported improved
kidney survival following tonsillectomy. In a Japan
study included 1065 patients with IgAN, tonsillec-
tomy was associated with a lower risk of renal out-
comes (occurrence of a 1.5-fold increase in serum
creatinine level from baseline or dialysis initiation)
in patients with IgAN'3. Therefore, tonsillectomy
is performed routinely in Japan. However, there is
limited evidence supporting the benefit of tonsillec-
tomy in other populations. As a result, the KDIGO
2021 Clinical Practice Guideline suggests that ton-
sillectomy should not be performed as a treatment

for [gAN in Caucasian patients!.

New treatment direction

Advances in understanding the pathophysi-
ology of IgAN have led to clinical trials of novel
targeted therapies with acceptable safety profiles,
including SGLT2 inhibitors, endothelin receptor
blockers, targeted-release budesonide, B cell pro-
liferation and differentiation inhibitors, as well as

blockade of complement components.

The 2021 KDIGO Clinical Practice Guideline
recommend: “In view of the current uncertainty
over the safety and efficacy of existing immunosup-
pressive treatment choices, all patients who remain
at high risk of progressive CKD despite maximal
supportive care should be offered the opportunity to
take part in a clinical trial.”! Two new drugs, Nefecon
and sparsentan, have recently been approved for the
treatment of I[gAN and are now recommended in the
2025 KDIGO guidelines*. For systemic glucocorti-
coid therapy, the 2025 KDIGO guidelines suggest
that patients at risk of progressive kidney function
loss due to IgAN be treated with a reduced-dose
systemic glucocorticoid regimen, combined with
antimicrobial prophylaxis, when Nefecon is not
available?.

Furthermore, key mediators of Gd-IgAl
production and its corresponding autoantibody
responses are B-cell activating factor (BAFF) and A
proliferation-inducing ligand (APRIL). Both BAFF
and APRIL are essential for B-cell survival and
humoral immunity. Elevated serum levels of both
BAFF and APRIL are observed in patients with
IgAN and correlate with disease severity®. This
enhanced understanding of IgAN pathogenesis has
paved the way for the development of novel thera-
peutic approaches targeting these underlying mech-

anisms.

Sodium-glucose cotransporter-2 in-
hibitors (SGLT2 inhibitors)

Evidence for SGLT2 inhibitors comes from
subgroup analyses in two major trials: the DAPA-
CKD and EMPA-KIDNEY trials. These studies
evaluated the use of SGLT2 inhibitors in patients
with non-diabetic CKD, the majority of whom had
IgAN. In the DAPA-CKD trial, the primary com-
posite endpoint was a sustained decline in eGFR
of 50% or more, end-stage kidney disease, or death
from a kidney disease-related or cardiovascular

cause. Of 270 participants with IgAN, 137 were
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randomized to dapagliflozin and 133 to placebo,
Dapagliflozin reduced proteinuria and slowed the
decline in eGFR. The primary outcome occurred in
six (4%) participants on dapagliflozin and 20 (15%)
on placebo (hazard ratio, 0.29; 95% confidence
interval, 0.12, 0.73). Mean rates of eGFR decline
with dapagliflozin and placebo were -3.5 and -4.7
mL/min/1.73m?/year, respectively. Dapagliflozin
reduced the urinary albumin-to-creatinine ratio by
26% relative to placebo'®.

The EMPA-KIDNEY primarily investigated
the effects of empagliflozin, a SGLT2 inhibitor,
in patients with CKD, including those with IgAN.
Notably, the EMPA-KIDNEY trial included 800
IgAN patients. Subgroup analyses from the EMPA-
KIDNEY trials show that empagliflozin substan-
tially slow the progression of CKD irrespective of
the primary kidney disease. Among patients with
different subtypes of glomerular disease, the rela-
tive reductions in chronic rate of eGFR decline were
-43% (95% CI -59 to -27) in patients with IgAN
nephropathy’.

Nefecon
The pathologic Gd-IgAl is believed to origi-

nate from mucosal sited B cells, which are abundant
in the Peyer’s patches-rich distal ileum. Nefecon,
an oral, delayed-release formulation of budesonide,
is designed to specifically target the mucosa in the
Peyer’s patches of the distal small intestine, thereby
minimizing systemic exposure to corticosteroids.
Nefecon works by reducing the production of patho-
genic IgA by the mucosal immune system and was
recently approved for the treatment of IgAN. The
2-year, phase 3 NeflgArd trial of Nefecon random-
ized patients to receive either a nine-month course
of oral 16 mg Nefecon or a placebo's. After nine
months, the drug was discontinued, and patients
were followed by a 15-month observational fol-
low-up period off study drug. After 9months of

treatment, patients assigned to Nefecon had a

27% reduction in UPCR compared with placebo.
Notably, the reduction in proteinuria persisted for
about three months after stopping the drug'®. The
average of eGFR over 2 years showed a statisti-
cally significant treatment benefit with Nefecon
versus placebo (difference 5-:05 mL/min/ 1.73 m2,
p<0.0001)". 9months of Nefecon was seen to be
generally well tolerated, with a safety profile con-
sistent with that expected for an oral budesonide.
The most commonly reported treatment-emergent
adverse events during treatment with Nefecon were
peripheral edema (17%) and hypertension (12%).
One study from mainland China, which including
62 IgAN patients, the efficacy outcomes were con-

sistent with global study results20.

Endothelin receptor antagonists

Endothelin-1 (ET-1), largely through activation
of endothelin A receptors (ET,R), has been strongly
implicated in renal cell injury, proteinuria, inflam-
mation and fibrosis, all of which contribute to the
progression of CKD. Endothelin receptor antago-
nists have been demonstrated to ameliorate or even
reverse renal injury and/or fibrosis in experimental
models of CKD?!. Recent studies have further dem-
onstrated that ET-1 plays a significant role in the
pathophysiology of IgAN via activation of ET,R,
leading to a variety of effects including vasocon-
striction, podocyte dysfunction, tubular injury,

inflammation, and fibrosis?2.

Sparsentan

Sparsentan is a non-immunosuppressive, dual
endothelin and angiotensin II receptor antagonist
with high selectivity for the ET,R and angioten-
sin II subtype 1 receptor (AT1 receptor). The phase
3 PROTECT trial is a double-blind, randomised,
active-controll study designed to evaluate the effi-
cacy and safety of sparsentan (400 mg once daily)
versus the active control irbesartan (300 mg once

daily) in adults with biopsy-proven IgAN and pro-
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teinuria of 1.0 g/day or higher despite maximized
RASI treatment for at least 12 weeks. At week 36, the
proteinuria change change from baseline was statis-
tically significantly greater in the sparsentan group
(—49.8%) than the irbesartan group (—15.1%), result-
ing in a between-group relative reduction of 41%
(p<0.0001)?3. Treatment-emergent adverse events
with sparsentan were similar to irbesartan. The
2-year results showed that patients in the sparsentan
group had a slower rate of eGFR decline than those
in the irbesartan group. eGFR chronic 2-year slope
was —2.7 mL/min/1.73 m*year versus —3.8 mL/
min/ 1.73 m? year (difference 1.1 mL/min/1.73 m%
year, 95% CI 0.1 to 2.1; p=0.037)?*. The significant
reduction in proteinuria at 36 weeks with sparsentan
was maintained throughout the study period; at 110
weeks, proteinuria was 40% lower in the sparsen-
tan group than in the irbesartan group. The 2-year
results showed that treatment with sparsentan versus
maximally titrated irbesartan in patients with I[gAN
resulted in significant reductions in proteinuria and

preservation of kidney function?*.

Atrasentan

Atrasentan, a selective endothelin type A
receptor antagonist, exerts antiproliferative, antifi-
brotic, and anti-inflammatory effects in experimen-
tal models of IgA nephropathy. The ALIGN study
is a phase 3, multinational, double-blind, random-
ized, placebo-controlled trial involving adults with
biopsy-proven IgAN, a total urinary protein excre-
tion of at least 1 g per day. Patients were randomly
assigned to receive atrasentan (0.75 mg per day) or
matched placebo for 132 weeks. An interim analysis
was conducted at 36 weeks, with a follow-up for two-
year eGFR data. The use of atrasentan was associ-
ated with a significant reduction in proteinuria, with
a 38% reduction at 9 months. At week 36 visit, the
proteinuria change was significantly greater with
atrasentan (—38.1%) than with placebo (-3.1%)%.

Of the most common adverse events, nasophar-

yngitis(10.1%), fluid retention(11.2%), peripheral
edema(8.9%), anemia(6.5%), pyrexia(6.5%), and
upper respiratory tract infection(6.5%) were more
common in the atrasentan group than in the placebo
group?. The ALIGN study is an ongoing phase 3
clinical trial, and the effect of atrasentan on kidney
function over time requires a longer follow-up for

analysis.

Conclusions
To approach patients with IgA nephropathy,

standard of care primarily focuses on nonspecific
supportive CKD care and non-immunologic thera-
pies, including blood pressure control and the use
of ACE inhibitors or ARBs to manage proteinuria,
although these have shown only modest efficacy.
Sodium-glucose cotransporter-2 (SGLT?2) inhibitors
are increasingly being utilized in IgAN, as second-
ary analyses of large phase 3 CKD trials have dem-
onstrated proteinuria reduction and slower kidney
disease progression in patients with advanced IgAN.
A critical step in IgAN pathogenesis is the produc-
tion of Gd-IgAl, which triggers the formation of
autoantibodies, leading to the formation of immune
complexes that deposit in the glomerular mesan-
gium, activating complement, causing inflamma-
tion, and resulting in progressive kidney damage.
The 2025 KDIGO guideline introduces a major
new concept: treatment simultaneously with (i)
therapies aimed at preventing or reducing patho-
genic IgA production and immune complex forma-
tion, and (ii) interventions that manage the effects
of nephron loss due to established IgAN*. Immu-
nosuppressive therapies with systemic glucocorti-
coids in IgAN patients have been associated with
substantial adverse events. However, in Decem-
ber 2023, targeted-release budesonide (Nefecon)
became the first FDA-approved drug specifically
for IgAN. Efforts to cure IgAN now focus on reduc-
ing Gd-IgAl levels. Sparsentan, a dual endothe-

lin and angiotensin receptor antagonist, received
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FDA accelerated approval for patients at high risk
of disease progression. Nefecon, sparsentan and
SGLT?2 inhibitors have been listed in the recommen-
dation for I[gAN treatment in 2025 KDIGO guide-
line*. Atrasentan, a selective endothelin type A
receptor antagonist currently being evaluated in a
phase 3 clinical trial, has also demonstrated a sig-
nificant reduction in proteinuria at 36 weeks. Addi-

tionally, to further reduce inflammatory damage,

Table 1. pharmacologic treatment choices for IgA nephropathy

complement inhibitors, which offer a more favor-
able side effect profile compared to corticosteroids,
are being explored’-?°. Other newly emerging immu-
nologic agents proposed for the treatment of I[gAN
include (1) mycophenolate mofetil, hydroxychloro-
quine; (2) B-cell/Plasma cell targeting: anti-APRIL/
BAFF antibodies(sibeprenlimab, atacicept zigaki-
bart,); anti-CD38 antibody (felzartamab) (3) comple-

ment inhibitors: iptacopan, ravulizumab, avacopan

Pharmacologic category

Trials

m Non-immunologic
e Treatment goal: Manage of IgAN-induced renal loss

Renin-angiotensin system inhibitor (RASi)
angiotensin-converting enzyme inhibitor (ACE1)
angiotensin II receptor blocker (ARB)

DEARA (dual endothelin angiotensin receptor antagonist)
Sparsentan

ERA (endothelin receptor antagonist)
Atrasentan

PROTECT

ALIGN (phase 3)

sodium-glucose cotransporter-2 inhibitor (SGLT2i)
Dapagliflozin
Empagliflozin

DAPA-CKD
EMPA-KIDNEY

m Immunologic

o Treatment goal: reduce pathogenic forms of IgA formation (gd-IgA1) and IgA-IC formation

¢ Nefecon (oral formulation of budesonide)

NeflgArd

e Treatment goal:

Prevent or reduce IgA-IC—mediated glomerular injury anti-inflammatory and/ or anti-fibrotic

Systemic glucocorticoids

TESTING

Mycophenolate mofetil (MMF)

Hydroxychloroquine

¢ B-Cell-Targeted Therapies

Anti-APRIL + BAFF monoclonal antibody
Sibeprenlimab (Anti-APRIL)
Atacicept (dual BAFF/APRIL inhibitor)
Zigakibart (Anti-APRIL)

Visionary (phase 3)
ORINGIN (phase 3)
BEYOND (phase 3)

Anti-CD38 monoclonal antibody
Felzartamab

IGNAZ (phase 2)

¢ Complement inhibitors

Iptacopan (Factor B inhibitor)
Ravulizumab (complement C5 inhibitor)

APPLAUSE-IgAN (phase 3)
SANCTUARY (phase 2)

IgA-IC, immunoglobulin A—containing immune complex; BAFF, B-cell Activating Factor; APRIL, A PRoliferation-Inducing Ligand.
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7.2632 (Table 1). In this review, we summarize key
studies on the treatment of IgAN, including results
from several phase 3 trials. The long-term outcomes
of these new therapies are still lacking. Moreover,
the addition of SGLT2 inhibitors to RAS inhibitor
therapy for IgAN has only been introduced recently.
Therefore, it is difficult to compare the results at
this time point. The efficacy and safety of these new
therapies remain under evaluation. However, based
on these promising new therapies, patients with

IgAN may consider enrollment in a clinical trial'.
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