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Aim: We compared the effects of nefecon, an oral targeted-release budesonide formulation, and
sparsentan, an oral, dual endothelin-angiotensin receptor antagonist, on estimated glomerular filtration
rate (eGFR) in patients with immunoglobulin A nephropathy, a leading cause of chronic kidney disease.
Materials & methods: We conducted an anchored matching-adjusted indirect comparison (MAIC) using
patient-level data from NefIgArd (NCT03643965; n = 364), a randomized (1:1) trial of nefecon plus
optimized renin–angiotensin system inhibitor (RASi) therapy versus placebo plus RASi; and aggregate
data from PROTECT (NCT03762850; n = 404), a randomized (1:1) trial of sparsentan versus irbesartan, an
angiotensin receptor blocker. Mean absolute eGFR change and mean relative urine protein-to-creatinine
and urine albumin-to-creatinine ratio changes from baseline at 9, 12 and 24 months (NefIgArd) or 36, 48
and 106 weeks (PROTECT) were analyzed using a mixed-effects model for repeated measures. A composite
outcome (time to confirmed 40% eGFR reduction, end-stage kidney disease or all-cause mortality) was
also included. An unanchored MAIC and network meta-analysis were used as sensitivity analyses. Results:
The matching process reduced the effective sample for the NefIgArd trial from 364 to 208. Absolute eGFR
change significantly favored nefecon over sparsentan at 9 months (mean difference, ml/min/1.73 m2 [95%
credible interval]: 5.7 [3.1–8.2]), 12 months (3.5 [1.0–6.0]) and 24 months (3.3 [0.0–6.5]). Differences in other
outcomes were generally not statistically significant. Sensitivity analysis results were consistent with the
main findings. Conclusion: In patients with immunoglobulin A nephropathy, nefecon plus optimized RASi
may preserve kidney function to a greater extent than sparsentan.

Plain language summary
What is this article about? Immunoglobulin A nephropathy (IgAN) is a progressive form of kidney disease
that can lead to kidney failure in many patients over time. In recent years, different treatments have been
approved for use in patients with IgAN, but no head-to-head comparisons of their effectiveness have been
conducted. Nefecon is a targeted-release formulation of budesonide that targets the main underlying
cause of IgAN in the gut. Sparsentan works downstream by reducing damage to the kidney. We carried
out an anchored matching-adjusted indirect comparison of these new treatments using available data
from their two pivotal phase III clinical trials (NefIgArd and PROTECT) to compare their effects on kidney
function.
What were the results? Nefecon on top of existing standard of care, was associated with less of a decline
in estimated glomerular filtration rate (a measure of kidney function) at 9, 12 and 24 months than
sparsentan. We carried out other similar analyses that supported this finding.
What do the results of the study mean? The results suggest that nefecon is better at preserving kidney
function than sparsentan. However, it is important to remember that they work in different ways and
so potentially can be used as part of a wider strategy to prevent patients with IgAN from progressing to
kidney failure.
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Shareable abstract: This is a matching-adjusted indirect comparison of the efficacy profiles of two
approved therapies (nefecon and sparsentan) for immunoglobulin A nephropathy using phase III clinical
trial data. Nefecon (plus standard of care) preserved kidney function better than sparsentan.
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Immunoglobulin A (IgA) nephropathy (IgAN) is the most common form of glomerular disease globally and a
leading cause of chronic kidney disease [1]. It is estimated that 50–75% of patients with IgAN develop kidney
failure within 20 years of diagnosis [1]. In recent years, it has been shown that even patients previously regarded as
being at ‘low risk’ (i.e., time-averaged proteinuria <0.88 g/gram) have high rates of kidney failure within 10 years [2].
IgAN is thought to be caused by high levels of aberrantly glycosylated IgA in the circulation, which results in the
formation of IgA1-IgG/IgA-containing immune complexes that are deposited in the glomeruli and trigger kidney
damage [1,3]. Historically, treatment has centered on supportive care, including long-term renin–angiotensin system
inhibitor (RASi) therapy [4].

Nefecon is an oral, targeted-release formulation of the corticosteroid budesonide specifically designed to deliver
the active drug to the distal ileum [5], a key location for aberrant IgA production [3]. Nefecon was the first agent to
receive conditional, accelerated US FDA approval for the treatment of IgAN in December 2021 [6]. In December
2023, the FDA granted full approval of nefecon to reduce the loss of kidney function in adults with primary
IgAN who are at risk of disease progression [7,8], based on 2-year data from the phase III NefIgArd trial [9].
Nefecon has also been approved for use in patients with IgAN in the European Union, China and other territories
globally [10,11].

Sparsentan is an oral, dual endothelin-angiotensin receptor antagonist intended to reduce damage in the kidney
resulting from increased endothelin-1 expression seen in patients with IgAN [12]. It was the second agent to
receive conditional, accelerated FDA approval for use in patients with IgAN in February 2023 [13]. In September
2024, sparsentan was granted full approval by the FDA to slow kidney function decline in adults with primary
IgAN who are at risk of disease progression, based on the results of the phase III PROTECT study [14,15].
It has also been granted standard marketing authorization in the European Union and temporary approval in
Switzerland [16,17].

No head-to-head studies comparing nefecon and sparsentan have been conducted. In addition, enrollment criteria
for NefIgArd [9] and PROTECT [15] were sufficiently different to preclude comparison between the two agents
using a standard network meta-analysis, which relies on the assumption of homogeneous trial populations [18]. For
example, estimated glomerular filtration rate (eGFR), age, sex and racial characteristics (all baseline characteristics
that differed between NefIgArd [9] and PROTECT [15]) have been identified as predictors of IgAN progression [19,20]

and should be adjusted for. Matching-adjusted indirect comparison (MAIC) is a widely accepted methodology for
comparing treatments across trials in the absence of head-to-head comparisons and when adjustment for differences
in baseline patient characteristics is required [18].

In this analysis, we used MAIC to compare the effects of nefecon (in combination with optimized RASi treatment)
and sparsentan on kidney function in patients with IgAN.

Materials & methods
Trials & patients
In the NefIgArd trial (NCT03643965), adult patients with biopsy-confirmed primary IgAN, eGFR 35–
90 ml/min/1.73 m2 and proteinuria (urine protein-to-creatinine ratio [UPCR] ≥0.8 g/g or ≥1 g/24 h) despite
optimized RASi standard of care received nefecon 16 mg/day plus optimized RASi, or placebo plus optimized
RASi (i.e., standard of care alone) for 9 months, followed by 15 months of optimized RASi alone [9]. In PRO-
TECT (NCT03762850), adult patients with biopsy-confirmed primary IgAN, eGFR ≥30 ml/min/1.73 m2 and
proteinuria (≥1 g/24 h) despite optimized RASi standard of care received continuous treatment with sparsentan
(target dose 400 mg/day) or irbesartan (target dose 300 mg/day), an angiotensin receptor blocker, for 110 weeks,
followed by a 4-week follow-up period on standard of care alone [15,21].
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Table 1. Matching-adjusted indirect comparisons performed.
End point Time points from NefIgArd (vs time points from PROTECT)

eGFR LS mean change from baseline Month 9 vs week 36

UPCR geometric LS mean percent change from baseline Month 12 vs week 48

UACR geometric LS mean percent change from baseline Month 24 vs week 106 (closest time point to month 24)

Time to confirmed 40% eGFR reduction, ESKD or all-cause mortality N/A

eGFR: Estimated glomerular filtration rate; ESKD: End-stage kidney disease; LS: Least-squares; N/A: Not applicable; UACR: Urine albumin-to-creatinine ratio;
UPCR: Urine protein-to-creatinine ratio.

Nefecon
16 mg/day
+ optimized

RASi

Sparsentan
400 mg/day

Optimized
RASi/IR

NeflgArd PROTECT

Direct
evidence
Indirect
evidence

Figure 1. Network for anchored matching-adjusted indirect
comparison (all end points).
IR: Irbesartan; RASi: Renin–angiotensin system inhibitor.

We used individual patient-level data from NefIgArd and aggregate data from the report on PROTECT baseline
characteristics [21], PROTECT prespecified interim analysis [22], PROTECT full 2-year analysis [15], and presented
data from another MAIC of sparsentan versus nefecon [23,24].

Efficacy outcomes
In NefIgArd [9], nefecon treatment effects were expressed as changes from baseline at months 9, 12 and 24, which
were compared with the effects of sparsentan at the approximately corresponding weeks 36, 48 and 106. Both
anchored and unanchored MAICs were performed for the mean absolute change in eGFR from baseline at 9, 12
and 24 months, mean relative changes in UPCR and urine albumin-to-creatinine ratio (UACR) from baseline at 9,
12 and 24 months and a composite outcome consisting of the time to confirmed 40% eGFR reduction, end-stage
kidney disease (ESKD), or all-cause mortality (Table 1).

MAIC approach
Our main analytical approach was the MAIC, performed to estimate the effects of nefecon (plus optimized RASi)
and sparsentan on different parameters of renal function (Figure 1). The MAIC methodology applies weights to
individual patient data from one trial (in this case, NefIgArd) so that baseline characteristics align with published
aggregate data from another trial (in this case, PROTECT), thereby reducing bias in the indirect comparison.
To differentiate between anchored and unanchored MAIC, in an anchored MAIC the treatments are compared
through a common comparator (e.g., placebo or standard of care), whereas in an unanchored MAIC no common
comparator exists, and the comparison relies entirely on adjusting for differences in baseline characteristics between
the two treatment arms. The anchored MAIC was chosen because the control arms (placebo plus RASi [NefIgArd]
or irbesartan [PROTECT]) were considered similar enough due to irbesartan being a RASi and so could be used
as common comparators. The use of anchoring via common comparators should make the estimates less biased by
the existence of unbalanced prognostic variables [25,26]. An unanchored MAIC was also performed as a sensitivity
analysis.

Baseline characteristics used as matching variables included age (years), male sex (%), White race (%), eGFR
(ml/min/1.73 m2), UPCR (g/g), patients with urinary protein excretion >1.8 g/day (%) and patients with
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Table 2. Anchored matching-adjusted indirect comparison: matching-adjustment of the NefIgArd and
PROTECT trial populations.
Parameter NefIgArd PROTECT Weighted NefIgArd

n 364 404 208†

Age (years) 42.70 46.00 46.00

Male (%) 65.93 69.80 69.80

White (%) 75.55 67.33 67.33

Mean eGFR (ml/min/1.73 m2) 57.87 56.95 56.95

Mean UPCR (g/g) 1.48 1.44 1.44

UACR �1.1 g/g (%) 40.66 50.00 50.00

Urinary protein excretion �1.8 g/day (%) 65.66 50.00 50.00

†Number shown is the effective sample size after weighting.
eGFR: Estimated glomerular filtration rate; UACR: Urine albumin-to-creatinine ratio; UPCR: Urine protein-to-creatinine ratio.

UACR (%) above a prespecified threshold. The threshold was 1.1 g/g when matching overall NefIgArd to the
overall PROTECT dataset (anchored MAIC) and when matching the placebo arm from NefIgArd to the irbesartan
arm from PROTECT (unanchored MAIC), and was 1.0 g/g when matching the nefecon arm from NefIgArd to
the sparsentan arm from PROTECT (unanchored MAIC). All matching covariates were used in the analysis of
each end point, unless stated otherwise (Supplementary Table 1). The matching variables were selected based on
the knowledge of common risk factors for IgAN progression [19], on clinical experience, and on the availability of
the data used.

In the anchored analysis, propensity weights were applied to individual patient data in the active and control arms
of the NefIgArd study so that the overall NefIgArd population matched the overall population of the PROTECT
study. In the unanchored analysis, propensity weights were applied to individual patient data in the active and
control arms of NefIgArd separately, to match baseline characteristics in the corresponding arms of PROTECT.

Absolute changes in eGFR over time and in the log-transformed postbaseline to baseline ratios in UPCR and
UACR were estimated using a mixed-effects model for repeated measures, with treatment group, visit, baseline
eGFR or log-transformed baseline UPCR (or UACR) values, baseline eGFR or log-transformed baseline UPCR or
UACR values with visit interaction, and treatment group with visit interaction as covariates. Time to confirmed
40% eGFR reduction, ESKD, or all-cause mortality was estimated using a Cox proportional hazard model.

In the anchored MAIC, a Bayesian fixed-effects network meta-analysis was performed on the relative effect from
PROTECT and the weighted relative effect from NefIgArd, to derive mean differences or geometric mean ratios
at individual visits or a hazard ratio (HR), with the associated 95% credible intervals (CrIs), using the R package
GeMTC (version 1.0–2) available under a general public license [27–31]. In the unanchored MAIC, arm-level
weighted results from NefIgArd were compared with each other to derive mean differences or geometric mean
ratios at individual visits or an HR, with the associated 95% confidence intervals.

A standard fixed-effects network meta-analysis model was also applied as a sensitivity analysis. The methods
employed for this analysis are described separately in the Supplementary Methods & Supplementary Table 2.

Results
Data sources for each matching variable in the PROTECT trial are summarized in Supplementary Table 1. In each
case, the source providing the best evidence was chosen. For example, means were preferred over medians, and
numerals with more digits after the decimal place were preferred over those with fewer digits.

In the matching process, the effective sample size for the NefIgArd trial was reduced from 364 to 208, versus 404
patients in the PROTECT trial (Table 2), which was considered acceptable. The distribution of weights derived
for the anchored MAIC is shown in Supplementary Figure 1.

The mean absolute changes in eGFR from baseline for nefecon and placebo in NefIgArd before and after matching
to PROTECT were similar (data not shown). There was a statistically significant mean (95% CrI) difference in the
absolute change in eGFR favoring nefecon versus sparsentan of 5.68 (3.14–8.20) ml/min/1.73 m2 at 9 months
(36 weeks), 3.48 (0.97–5.97) ml/min/1.73 m2 at 12 months (48 weeks) and 3.28 (0.02–6.51) ml/min/1.73 m2

at 24 months (106 weeks) from the anchored MAIC (Figure 2).
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Comparison

Nefecon + optimized RASi (9 months) vs
sparsentan (36 weeks)

Nefecon + optimized RASi (12 months) vs
sparsentan (48 weeks)

Nefecon + optimized RASi (24 months) vs
sparsentan (106 weeks)

-10 -5 0 5 10

Favors sparsentan Favors nefecon + optimized RASi 

MD (95% CrI)

5.68 (3.14–8.20)

3.48 (0.97–5.97)

3.28 (0.02–6.51)

Figure 2. Forest plot for the anchored matching-adjusted indirect comparison for estimated glomerular filtration
rate at different time points.
CrI: Credible interval; MD: Mean difference; RASi: Renin–angiotensin system inhibitor.

Comparison GMR (95% CrI)

0.5 1 2

Favors nefecon + optimized RASi Favors sparsentan

Nefecon + optimized RASi (9 months) vs
sparsentan (36 weeks)

Nefecon + optimized RASi (12 months) vs
sparsentan (48 weeks) 

Nefecon + optimized RASi (24 months) vs
sparsentan (106 weeks)

1.14 (0.94–1.38)

0.83 (0.67–1.02)

1.07 (0.83–1.38)

Figure 3. Forest plot for the anchored matching-adjusted indirect comparison for urine protein-to-creatinine ratio at
different time points.
CrI: Credible interval; GMR: Geometric mean ratio; RASi: Renin–angiotensin system inhibitor.

Comparison GMR (95% CrI)

0.5 1 2

Favors nefecon + optimized RASi Favors sparsentan

Nefecon + optimized RASi (9 months) vs
sparsentan (36 weeks)

Nefecon + optimized RASi (12 months) vs
sparsentan (48 weeks)

Nefecon + optimized RASi (24 months) vs
sparsentan (106 weeks)

1.12 (0.90–1.40)

0.76 (0.59–0.97)

1.05 (0.79-1.39)

Figure 4. Forest plot for the anchored matching-adjusted indirect comparison for urine albumin-to-creatinine ratio
at different time points.
CrI: Credible interval; GMR: Geometric mean ratio; RASi: Renin–angiotensin system inhibitor.

There were no significant differences in the UPCR geometric mean ratios between nefecon and sparsentan at
any time point included in the anchored MAIC analysis (Figure 3). For UACR, there was a statistically significant
difference in favor of nefecon at 12 months (48 weeks) but not at the other time points from the anchored MAIC
(Figure 4). There was no significant difference between nefecon and sparsentan in time to confirmed 40% eGFR
reduction, ESKD, or all-cause mortality from the anchored MAIC (HR [95% CrI]: 0.85 [0.31–2.28]).

In the sensitivity analysis using unanchored MAIC, the effective sample size was 132 in the nefecon arm of
NefIgArd versus 202 patients in the PROTECT sparsentan arm, and 94 in the NefIgArd placebo arm versus 202

10.57264/cer-2025-0045



Research Article Ngai, Patel, Kopiec, Fu & Hummel

patients in the PROTECT irbesartan arm (Supplementary Table 3). The distributions of weights derived for the
unanchored MAIC are shown in Supplementary Figure 2. Efficacy assessments were directionally consistent with
those obtained using anchored MAIC (Supplementary Figure 3).

The results of the standard fixed-effects network meta-analysis were also directionally consistent with those of
the MAIC analyses, with mean differences in the change in eGFR from baseline achieving statistical significance in
favor of nefecon versus sparsentan at months 9, 12 and 24 (Supplementary Table 4).

Discussion
In many countries, both nefecon and sparsentan have now received full approval for use in patients with IgAN.
Therefore, a meaningful comparison of their treatment effects is of interest to patients, caregivers, clinicians and
payers. After accounting for differences in the patient populations from the NefIgArd and PROTECT trials, thus
ensuring transitivity (an important assumption of all network meta-analyses), our analysis showed that, at 2 years,
treatment with nefecon 16 mg/day plus optimized RASi for 9 months (followed by 15 months off treatment)
was associated with a greater eGFR benefit compared with continuous treatment with sparsentan 400 mg/day
over 2 years. Significant differences were observable at 9 months when treatment with nefecon was stopped, and
these significant differences persisted at 12 and 24 months, when patients in the NefIgArd trial had completed a
further 15 months on optimized RASi only. Since eGFR is a direct marker of kidney function, this suggests that
nefecon has a greater impact than sparsentan on the pathophysiologic origin of IgAN. Post hoc power estimates
for the Bayesian network meta-analysis [32] of the weighted NefIgArd and PROTECT trials for eGFR at month
9/week 36, month 12/week 48 and month 24/week 106 were 88%, 58% and 45%, respectively, supporting the
generalizability of these results.

The other efficacy parameters were not statistically different between the two treatments, except for a UACR
advantage of nefecon at 12 months (48 weeks), which may reflect the fact that, in the NefIgArd trial, the greatest
reductions in both UPCR and UACR with nefecon were measured 3 months after the 9-month treatment period
had been completed. Similarity between the findings obtained using anchored and unanchored MAIC and standard
network meta-analysis supports the robustness of our findings.

The findings of other (unanchored) MAIC analyses comparing nefecon with sparsentan have been presented
elsewhere [23,24,33]. These analyses have reported significantly greater mean percentage UPCR reductions from
baseline at both 9 months and 2 years with sparsentan versus nefecon. The 2-year analysis of difference in eGFR
total slope also yielded a different result from the current analysis, claiming a ‘slower decline in kidney function’
with sparsentan versus nefecon, although this was not statistically significant [33]. In the current analysis, the
UPCR geometric mean ratio at 24 months (106 weeks) also numerically favored sparsentan but did not achieve
statistical significance. It is important to note that assessing differences between treatments across different time
points versus one single time point provides more informative results, and the current analysis showed statistically
significant differences in absolute eGFR change from baseline that favored nefecon over sparsentan. There are
also differences in the variables chosen for matching in these unanchored analyses compared with the current
anchored analysis, which could explain the differences in their findings. The limitations of using unanchored versus
anchored approaches, and the choice of matched variables having a considerable impact on the outcomes of an
unanchored MAIC [26], should be taken into consideration when attempting to compare and contrast these different
findings.

Limitations
It should be noted that the treatment optimization approaches differed between the control arms of NefIgArd
(RASi) and PROTECT (irbesartan), which may have biased the anchored analysis. However, directionally consistent
findings between the anchored and unanchored MAICs suggest that such a bias, if present, had only a limited impact
on our analysis. In addition, the MAIC method cannot adjust for unobserved or unobservable effect modifiers,
but the baseline characteristics that we used as matching variables (age, sex, race, baseline eGFR, UPCR, urinary
protein excretion and UACR) are prognostic factors of disease progression and likely modifiers [19] of the treatment
effect. Furthermore, this analysis, like other indirect comparisons, assumes an exchangeability of patients between
studies, which cannot be assessed directly. Finally, there are disadvantages associated with the use of a composite end
point: for example, all component end points we selected are typically late occurring and therefore less likely to be
captured during the short trial follow-up. Additionally, each component (time to confirmed 40% eGFR reduction,
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ESKD or all-cause mortality) was assigned equal importance, which may not reflect the typical disease progression.
As a result, the composite end point was likely not a sensitive measure of efficacy [34].

This analysis also does not take into account the safety profiles of the two agents. In the NefIgArd trial, peripheral
edema, hypertension, muscle spasms, acne and headache were the most commonly reported treatment-emergent
adverse events with nefecon and standard of care versus standard of care alone; these were generally nonserious
and mild in nature, and were reversible during or after treatment [9]. In PROTECT, dizziness and hypotension
were among treatment-emergent adverse events that were reported to occur more frequently with sparsentan than
with active control [15]. These may be factors that clinicians take into account when treating patients; however, the
purpose of the current analysis was to provide an objective comparison of kidney function as opposed to safety
measures. Furthermore, nefecon was given alongside optimized RASi in NefIgArd [9], whereas irbesartan (also a
RASi) was the comparator to sparsentan in PROTECT [15]. As a result, a formal indirect treatment comparison of
the safety profiles of nefecon and sparsentan in these trials would be confounded by this.

Conclusions
The eGFR results from our MAIC analyses suggest that nefecon plus optimized RASi may preserve kidney function
to a greater extent than sparsentan for the 9 months when patients were on nefecon treatment. However, the
gap in eGFR preservation appears to narrow during the off-treatment period with nefecon, suggesting that there
is a benefit with continuous sparsentan treatment. It is important to note that the two agents should not be
considered as mutually exclusive treatment options. The updated Kidney Disease: Improving Global Outcomes
2025 guidelines [35] advocate for a ‘two-pronged’ approach to the management of IgAN wherein the focus is to
“simultaneously prevent or reduce IgA-containing immune complex formation and IgA-containing immune complex-
mediated glomerular injury” and “manage the consequences of existing IgAN-induced nephron loss.” In this context,
nefecon and sparsentan belong to the first and second ‘prongs’, respectively. In these updated guidelines, nefecon is
described as “the only treatment to date proven to reduce the levels of pathogenic forms of IgA and IgA-containing
immune complexes,” and a 9-month course is suggested for patients who are at risk of progressive loss of kidney
function with IgAN [35]. Our findings provide additional support for nefecon as a disease-modifying therapy and
a cornerstone component of any IgAN management strategy. More recently, iptacopan, a complement factor B
inhibitor and atrasentan, a selective endothelin A receptor antagonist, have received conditional, accelerated FDA
approval in patients with IgAN [36–39]; further comparative analyses are planned when more data for these agents
become available.

Summary points

• Immunoglobulin A nephropathy is a chronic progressive glomerular disease that can lead to kidney failure in
many patients.

• Two approved therapies for immunoglobulin A nephropathy, nefecon (a targeted-release formulation of
budesonide) and sparsentan (a dual endothelin-angiotensin receptor antagonist), have been shown to preserve
kidney function, as measured by a reduced decline in estimated glomerular filtration rate (eGFR).

• Matching-adjusted indirect comparison is an increasingly popular method for efficacy assessments when
head-to-head trials are not available and when network meta-analyses are not feasible due to heterogeneous
patient populations.

• Our anchored matching-adjusted indirect comparison analysis was based on data from randomized phase III trials
of nefecon (NefIgArd; NCT03643965) and sparsentan (PROTECT; NCT03762850).

• Mean absolute change in eGFR and mean relative changes in urine protein- and urine albumin-to-creatinine
ratios from baseline at 9, 12 and 24 months following treatment initiation were assessed.

• The analysis reported an absolute change in eGFR that significantly favored nefecon plus standard of care over
sparsentan at all three time points. Sensitivity analyses supported these findings.

• Differences in other outcomes were generally not statistically significant.
• This finding suggests that nefecon works differently from sparsentan in reducing eGFR decline.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: https://becarispublishing.com/doi/
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