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Abstract
Background  Sparsentan has shown positive effects on managing different subtypes of glomerulonephritis. The 
recent results of trials require a pooled analysis to validate these results.

Aim  We aim to assess the safety and efficacy of sparsentan versus irbesartan for patients with IgA nephropathy and 
focal glomerulosclerosis (FSGS).

Methods  We conducted a systematic review and meta-analysis of randomized controlled trials retrieved by 
systematically searching PubMed, Web of Science, Scopus, and Cochrane through March 2024. We used Review 
Manager v.5.4 to pool dichotomous data using risk ratio (RR) and continuous data using mean difference (MD) with a 
95% confidence interval (CI).

Results  Three studies with a total of 884 patients were included. Sparsentan was superior to irbesartan in improving 
urine protein to creatinine ratio (UP/C) (ratio of percentage reduction 0.66, 95% CI [0.58 to 0.74], P < 0.001); as well as 
the proportion of patients achieved complete and partial remission of proteinuria (RR = 2.57, 95% CI [1.73 to 3.81], 
P < 0.001) and (RR = 1.63, 95% CI [1.4 to 1.91], P < 0.001) respectively. Regarding the effect on the glomerular filtration 
rate, the results estimate did not favor either sparsentan or irbesartan (MD = 1.98 ml/min per 1.73mm2, 95% CI [-1.05 
to 5.01], P = 0.2). There were no significant differences in adverse events except for hypotension, which showed higher 
rates in the sparsentan group (RR = 2.02, 95% CI [1.3 to 3.16], P = 0.002).

Conclusion  Sparsentan is effective and has a good safety profile for treating FSGS and patients with IgA 
nephropathy. However, more well-designed RCTs against ARBs, ACE inhibitors, and steroids with larger sample sizes 
are needed to get conclusive evidence.
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Introduction
Glomerulonephritis is a group of heterogeneous 
immune-mediated disorders that cause damage to the 
glomerular part of the kidneys’ nephrons [1]. It is one 
of the most common causes of renal impairment, with 
a prevalence of 10–15% of end-stage renal disease cases 
in the United States [2]. Immunoglobulin A nephropathy 
(IgAN) and focal segmental glomerulosclerosis (FSGS) 
are prominent different types of glomerular disorders 
that are associated with high morbidity and mortality 
among adults and children [3, 4]. IgAN (Berger’s disease) 
is the most prevalent primary glomerulonephritis world-
wide, with an overall incidence of 2.5 cases per 100,000 
or more [5, 6]. IgAN could affect all different ages, with 
the peak incidence in the second and third decades of life 
and higher rates in the Asian population [7, 8]. The pre-
cise mechanism of pathogenesis of IgAN is still not fully 
understood with the enrollment of multi-hit hypotheses. 
The abnormal increase in the level of circulating poorly 
O-galactosylated IgA1, known as galactose-deficient 
IgA1 (gd-IgA1), is the key finding of the pathogenesis of 
IgA nephropathy. Direct interaction between gd-IgA1 
and autoantibodies forms an immune complex that 
deposits within mesangial cells, resulting in inflamma-
tion and glomerular injury [9, 10]. Clinical manifestations 
of IgAN are broad and range from asymptomatic hema-
turia to rapidly progressive glomerulonephritis [11].

FSGS is not a specific disease entity but rather a his-
topathological pattern of glomerular lesions of differ-
ent diseases that primarily target the podocytes, so it is 
considered podocytopathy [12]. FSGS can be classified 
according to etiology into primary, genetic, or due to 
secondary causes. Primary FSGS has been associated 
with circulating permeability factors that cause podocyte 
effacement and subsequent proteinuria [13]. Infections 
like Human immunodeficiency virus and medications are 
common causes of secondary FSGS.

The current guidelines for the treatment of IgAN and 
FSGS recommend initial optimal supportive care, which 
focuses on proper blood pressure management and 
reduction of proteinuria achieved by lifestyle modifica-
tion and medications that block renin-angiotensin-aldo-
sterone system (RAAS) using angiotensin-converting 
enzyme inhibitors (ACEIs) or angiotensin II receptor 
blockers (ARBs) [14, 15]. Several are the compounds pro-
posed as possible anti-fibrotic drugs, due to their direct 
or indirect effect on fibrosis. In particular, Endothelin 
receptor antagonists (ERA) (Atrasentan, Avosentan, 
Sparsentan, TAK-044) attempted to halt fibrosis progres-
sion although they showed limited success in clinical 
practice. In fact, they showed to reduce proteinuria or 
albuminuria but did not show any effect on GFR decline 
[16]. Sparsentan is an oral novel dual ERA and angioten-
sin II receptor antagonist that gained the Food and Drug 

Administration (FDA) approval in February 2023 for 
IgAN patients [17, 18]. It is a highly selective antagonist 
for endothelin type A receptor (ETaR) and angiotensin II 
receptor type 1, which are involved in the pathogenesis of 
IgA nephropathy and FSGS [19, 20].

Considering the lack of any prior systematic reviews 
assessing the efficacy of sparsentan, conducting a com-
prehensive meta-analysis would be beneficial in validat-
ing the outcomes of the current randomized controlled 
trials (RCTs) and establishing conclusive evidence. 
Hence, we aim to assess the efficacy and safety of 
sparsentan versus irbesartan for treating IgA nephropa-
thy and FSGS in adults and children.

Methodology
Protocol registration
We have registered and published the methodologi-
cal plan for the systematic review and meta-analysis 
on PROSPERO (CRD42024521451). We followed the 
Cochrane Handbook of Systematic Reviews and Meta-
analysis [21] and guidelines provided in the Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) statement [22] (Table S1).

Data sources & search strategy
A literature search was performed, and four databases 
(PubMed, Cochrane, Web of Science, and Scopus) were 
searched for published articles up to March 2024 using 
relevant keywords (Sparsentan OR (angiotensin II recep-
tor antagonist)) AND ((Focal Segmental Glomeruloscle-
rosis) OR (IgA nephropathy) OR FSGS) (Table S2).

Eligibility criteria and study selection
Studies were included if they met the following criteria:

 	• Population (P): adults and children with FSGS or IgA 
nephropathy;

 	• Intervention (I): sparsentan of different doses;
 	• Comparators (C): irbesartan;
 	• Outcomes (O): at least one of the primary outcomes 

(urine protein to creatinine ratio (UP/C) and/or 
percentage of patients achieving complete or partial 
remission of proteinuria at any time during the 
study);

 	• Study design (S): RCTs;
 	• Language: only English;
 	• Timing: no restrictions.

The following criteria were used to exclude papers: The 
following study types are not considered original: (1) 
book chapters, reviews, comments, letters to the editor, 
and guidelines; (2) any other study design other than ran-
domized controlled trials; (3) studies with overlapping or 



Page 3 of 10Elnaga et al. BMC Nephrology          (2024) 25:316 

duplicate datasets; (4) non-human and in vitro experi-
ments; and (5) studies not published in English.

Study selection and data extraction
Search results were exported to Endnote software [23], 
where duplicates were screened and removed before 
using Rayyan software [23]. Three authors (AAAE, 
MAA, and AME) independently reviewed the titles and 
abstracts of all search results to assess their eligibility 
for the study. Disagreements were resolved through dis-
cussion, with (A.R) intervening if needed. The full-text 
screening was conducted on eligible articles meeting 
the inclusion criteria. References of final included stud-
ies were retrieved to avoid omitting potential additional 
studies not included in the initial search. The data of final 
records, including the year of publication, target popula-
tion, baseline characteristics, study characteristics, and 
outcomes, were extracted manually from the articles into 
a Google sheet by (AAAE and MAA) and reviewed by 
(AME).

Risk of bias and certainty of evidence
The risk of bias of included clinical trials was conducted 
according to the Cochrane risk of bias of interventional 
studies reported in the Cochrane Handbook of Inter-
ventions [24]. The risk-of-bias tool (ROB 2) was utilized 
by (A.R and AME) authors and resolved by collegial 
discussion.

Assessed outcomes
The primary outcomes of this study include the Change 
in UP/C from baseline and complete or partial remission 
of proteinuria based on protein excretion in urine. Sec-
ondary outcomes were (1) a change in estimated glomer-
ular filtration rate (eGFR) from baseline, (2) The eGFR 
total and chronic slopes, (3) Composite kidney outcome, 
(4) a Change in systolic and diastolic blood pressure (SBP 
and DBP) from baseline (5) Common adverse events 
(any treatment-emergent adverse events (TEAEs), seri-
ous TEAEs, TEAEs leading to study withdrawal or death, 
headache, nausea, dizziness, edema, diarrhea, hypoten-
sion, and hyperkalemia) experienced by patients. All 
outcomes were assessed at the last endpoint available for 
each study.

Statistical analysis
Meta-analysis was performed in the presence of at least 
two included studies with available data for assessed 
outcomes using RevMan software v.5.4.1 [25]. Dichoto-
mous data was reported using (RR), and continuous 
data was reported mean differences (MD) with a 95% 
confidence interval (CI). If means and standard devia-
tions were not provided, we calculated them from stan-
dard errors, 95%CI, or other statistical indices using the 

RevMan calculator. A random effect model was adopted 
rather than a fixed effect model, yielding a more conser-
vative estimate of the pooled effect. We used the Chi-
square and I-square tests to evaluate heterogeneity; the 
Chi-square test determines whether heterogeneity exists, 
and the I-square test determines the degree of hetero-
geneity. According to the Cochrane Handbook (chapter 
nine) [26], significant heterogeneity was indicated by an 
I-square greater than 50%. At the same time, an alpha 
level of less than 0.1 for the Chi-square test indicated 
considerable heterogeneity. The level of statistical signifi-
cance was set to be p < 0.05.

Results
Literature search and study selection
A total of 1080 potentially relevant records were retrieved 
by systematic database search. Duplicates ( n = 286) were 
removed by Endnote software [23]. The titles and abstract 
screening was conducted on 754 records, yielding 27 arti-
cles. The final step was the full-text assessment, in which 
23 records were excluded for various reasons. Therefore, 
four studies (Trachtman 2018 [27], Rheault 2023 [28], 
Heerspink 2023 [29], and Rovin 2023 [30]) were included 
in the quantitative and qualitative synthesis (Fig. 1).

Characteristics of included studies
All included RCTs evaluated the efficacy and safety of 
sparsentan compared to irbesartan in patients with FSGS 
or IgA nephropathy and were published between 2018 
and 2023. Rovin 2023 [30] addresses the final analysis of 
kidney outcomes of Heerspink 2023 [29], which extended 
for two years. Interventional groups were treated with a 
target dose of sparsentan 800  mg/day orally in Tracht-
man 2018 and Rheault 2023 [27, 28], while in Heerspink 
2023 [29], the target dose was 400 mg/day.

The comparator received irbesartan 300  mg/day. 
Immunosuppressive drugs were allowed to be continued 
in 2 studies [27, 28] while it was an exclusion criterion for 
participants involved in the third study [29]. There was a 
washout period of ARBs and ACELs for two weeks before 
randomization in two studies [27, 28] and just before the 
randomization in Heerspink 2023 [29]. The overall popu-
lation is 884 patients with different types of glomerulo-
nephritis (FSGS and IgA nephropathy). The baseline and 
study characteristics of the included studies are shown in 
Tables 1 and 2.

Risk of bias assessment
The included RCTs were assessed by ROB 2. All included 
studies were of high quality as they were considered at 
low risk of bias for all domains (Figure S1, 2).
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Primary outcomes
Change of UP/C ratio from baseline
Changes in the UP/C ratio from the baseline were 
assessed based on 24-hour urine sample collection at 
the endpoint of each study. Pooled analysis showed that 
sparsentan significantly reduces UP/C ratio compared to 
irbesartan (ratio of percentage reduction = 0.66, 95% CI 

[0.58 to 0.74], P < 0.000001). Pooled studies were homog-
enous (P = 0.36, I² =2%) (Fig. 2).

Remission of proteinuria
Meta-analysis results revealed significantly higher rates 
of complete remission (RR = 2.57, 95% CI [1.73 to 3.81], 
P < 0.00001) and partial remission (RR = 1.63, 95% CI [1.4 

Fig. 1  PRISMA diagram of study selection process
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to 1.91], P < 0.00001) of proteinuria with sparsentan com-
pared with irbesartan. Pooled studies were homogenous 
in both complete and partial remission (P = 0.97, I² =0%), 
(P = 0.55, I² =0%) respectively (Figs. 3 and 4).

Secondary outcomes
Change in eGFR from baseline
The pooled effect estimate did not favor either sparsen-
tan or irbesartan (MD = 1.98  ml/min per 1.73mm2, 95% 
CI [-1.05 to 5.01], P = 0.2). Pooled results showed mild 
heterogeneity (P = 0.12, I² =52%). So, we conducted a sen-
sitivity analysis to find that by removing Trachtman 2018, 
heterogeneity was resolved and results remained consis-
tent (Figs. 5 and 6), and (Table S4).

The eGFR total and chronic slopes
The eGFR total slope was the slope from day 1 to week 
108 [28] or 110 [30], while the eGFR chronic slope was 
the slope from week 6 to week 108 [28] or 110 [30]. These 
outcomes were evaluated only in two included studies 
and measured as ml/min per 1.73 mm2 per year. The for-
est plot showed almost statistically significant difference 
in the eGFR total slope between sparsentan and irbesar-
tan (MD = 0.87, 95% CI [-0.02 to 1.77], P = 0.05). On the 
other hand, it was found that patients in the sparsentan 
group presented a GFR chronic slope significantly bet-
ter (as the smaller the rate the lower the decline in the 
kidney function) with GFR values at last follow-up sig-
nificantly higher compared to patients in the irbesartan 

Table 1  Summary of the characteristics of included RCTs
Study ID Study 

Duration 
(Weeks)

Population Interventions Control Sample Size Efficacy outcomes assessed
Intervention Control

Tracht-
man 
2018[27]

8 Eligible pa-
tients were 
aged 8–75 
years with 
FSGS

sequential dose-
escalating of 
sparsentan once/d:
cohort 1→ 200 mg
cohort 
2&3→400 mg
cohort 
4&5→800 mg

irbe-
sartan 
300 mg 
once 
daily

sparsentan
(n = 73) 
cohort
1:2&3:4&5
(n = 13:23:34)

Placebo 
(n = 36)

- Reduction from baseline in UP/C
- Complete (urinary protein excretion < 0·3 g/day) 
and partial (UP/C < 1·5) proteinuria remission.
- Blood pressure (change from baseline)
- eGFR (change from baseline)
− 24-h urinary protein (changes from baseline)

Heer-
spink* 
2023[29]

36 Adults 
with IgA 
nephropa-
thy who 
continue to 
have
persistent 
proteinuria 
despite 
receiving 
maximized
treatment 
with (ACE) 
inhibitors or 
(ARBs).

sparsentan 400 mg 
once daily

irbe-
sartan 
300 mg 
once 
daily

Sparsentan
(n = 202)

Placebo
(n = 202)

- Reduction from baseline in UP/C
- Complete (urinary protein excretion < 0·3 g/day) 
and partial (urinary protein excretion < 1·0 g/day) 
proteinuria remission.
- Blood pressure (change from baseline)
- eGFR (change from baseline) #
- eGFR slope (total and chronic) #
- Proportion of patients reaching composite kid-
ney endpoint of confirmed 40% reduction in eGFR 
from baseline, kidney failure or all-cause mortality.
- Change from baseline in urine albumin–creati-
nine ratio.

Rheault 
2023[28]

112 Eligible pa-
tients were 
aged 8–75 
years with 
FSGS

sparsentan (target 
dose, 800 mg once 
daily)

irbe-
sartan 
(target 
dose, 
300 mg 
once 
daily)

sparsentan
(n = 184)

Placebo
(n = 187)

- Reduction from baseline in UP/C
- Complete (urinary protein excretion < 0·3 g/day) 
and partial (UP/C < 1·5) proteinuria remission.
- Blood pressure (change from baseline)
- eGFR (change from baseline)
- eGFR slope (total and chronic)
- Proportion of patients reaching composite kid-
ney endpoint of confirmed 40% reduction in eGFR 
from baseline, kidney failure or all-cause mortality.
- Proportion of patients reaching composite kid-
ney endpoint of confirmed 40% reduction in eGFR 
from baseline, kidney failure or renal death.
- Change from baseline in urine albumin–creati-
nine ratio.

FSGS: Focal segmental glomerulosclerosis; ACE: Angiotensin-converting enzyme inhibitors; ARBs: Angiotensin receptor blockers; UP/C: Urinary protein to creatinine 
ratio; eGFR: estimated glomerular filtration rate

*. Rovin 2023 is a two-year results study from Heerspink 2023, so they have the same study characteristics except the follow-up period, which is 110 weeks in Rovin 
2023, and different reported outcomes

#: reported in the extension study (Rovin 2023)
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Table 2  Baseline characteristics of the included studies
Study ID Trachtman 2018 Heerspink 2023 Rheault 2023 Rovin 2023
Study arms Sparsentan Irbesartan Sparsentan Irbesartan Sparsentan Irbesartan Sparsentan Irbesartan
Sample Size 73 36 202 202 184 187 202 202
Age, mean ± SD NR NR 46.6 ± 12.8 45.4 ± 12.1 41.7 ± 16.5 41.5 ± 17.3 46.6 ± 12.8 46.6 ± 12.8
No. of adults (age ≥ 18 y) 60

(82)
26
(72)

202 (100) 202 (100) 168 (91.3) 168 (89.8) 202 (100) 202 (100)

Sex, Males n (%) 41 (56) 19
(53)

139 (69) 143 (71) 101 (54.9) 99 (52.9) 139 (69) 139 (69)

Ethnicity (Hispanic/Latino) 
n (%)

14 (19) 6 (17) 17 (8) 16 (8) 34 (18.5) 44 (23.5) 17 (8) 17 (8)

Race, n(%) Asian 5 (7) 1(3) 67 (33) 49 (24) 23 (12.5) 67 (33) 67 (33) 48 (24)
Black or 
African 
American

8 (11) 7 (19) 1 (< 1) 3 (1) 17 (9.2) 1 (< 1) 1 (< 1) 3 (1)

White 57 (78) 26 (72) 130 (64) 142 (70) 137 (74.5) 130 (64) 130 (64) 142 (70)
Other 3 (4) 2 (5.6) 4 (2) 9 (4) 10 (5.4) 4 (2) 4 (2) 9 (4)

eGFR, mL/min per 1·73 m 
mean ± SD

74.4 ± 37.3 74.5 ± 44.7 56·9 ± 24.4 57·1 ± 23.6 63.3 ± 28.6 64.1 ± 31.7 56·9 ± 24.4 56·9 ± 24.4

Urine protein–creatinine 
ratio g/g
mean (CI)

3.61
(0.4–18.7)

3.12
(0.9–10.7)

1.3
(0·8–1·8)

1.2
(0·9–1·7)

3.1
(2.3–4.5)

3.0
(2.1–4.7)

1.3
(0·8–1·8)

1.3
(0·8–1·8)

Serum albumin, g/L 
mean ± SD

36.1± 5.8 35.4 ± 7.2 41·2 ± 3.9 41·7 ± 3.8 34.9 ± 7.4 34.9 ± 7.5 41·2 ± 3.9 41·2 ± 3.9

Blood pressure, 
(mmHg)
mean ± SD

systolic NR NR 128 ± 14·4 130 ± 12·4 133 ± 15 128 ± 14·4 128 ± 14·4
diastolic NR NR 82 ± 10·6 83 ± 10·6 131 ± 15 82 ± 10·6 81.6± 10·6 83.2± 10·6

Patients receiving immuno-
suppressive n (%)

21 (29) 13 (36) # # 50 (27.2) 46 (24.6) # #

Patients receiving diuretics 
n (%)

26 ( 36) 9 ( 25) 39 ( 19.3) 39 ( 19.3) 68 ( 37) 73 ( 39) 39 ( 19.3) 39 ( 19.3)

Patients receiving antihyper-
tensive drugsn (%)

40 ( 55) 20 ( 56) 88 ( 44) 83 ( 41) 152 ( 82.6) 143 ( 76.5) 90 (45) 88 (44)

#: patients receiving immunosuppressive drugs for 2 weeks or more within 3 months before screening were excluded

Fig. 3  Forest plot showing the percentage of patients achieving complete remission of proteinuria

 

Fig. 2  Forest plot showing the change in UP/C ratio from baseline
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group (MD = 1.06, 95% CI [0.12 to 2.0], P = 0.03). Pooled 
results were homogenous (P = 0.56, I² =0%) and (P = 0.87, 
I² =0%) respectively (Figure.S3, 4).

SBP and DBP
There was a statistically significant reduction of DBP 
in the sparsentan group compared to irbesartan (MD= 
-4.24 mmHg, 95% CI [-7.09 to -1.38], P = 0.004). Pooled 
results had mild heterogeneity (P = 0.18, I² =41%). On the 
contrary, its effect on SBP was insignificant, with mild 
heterogeneity. Thus, we conducted a sensitivity analy-
sis to find that sparsentan had a statistical difference in 
the reduction of SBP in patients with FSGS compared to 
irbesartan (MD= -4.97 mmHg, 95% CI [-9.02 to -0.93], 
P = 0.02); with homogenous pooled results (P = 0.36, I² 
=0%) (Figure S5, 6) and (Table S4).

Composite kidney outcome
Composite kidney outcome is the confirmed reduction 
in eGFR of at least 50%, kidney failure, or death, and was 
assessed in two studies [28, 30]. The analysis did not show 
any statistically significant difference between sparsentan 
and irbesartan (RR = 0.81, 95% CI [0.59 to 1.12], P = 0.2); 
studies were homogenous (P = 0.51, I² =0%) (Figure S7).

Safety outcomes
In the included studies, no significant differences in 
patients experiencing any treatment-emergent adverse 
events (TEAEs), serious TEAEs, TEAEs leading to study 
withdrawal or death, headache, nausea, dizziness, edema, 
diarrhea, and hyperkalemia were observed in different 
doses of sparsentan in comparison with irbesartan group 
(Figure.S8-18). Pooled studies were homogenous regard-
ing all outcomes except for nausea (P = 0.12, I² =53%). 
After conducting leave out one analysis and removing 
Rheault 20,223, heterogeneity was resolved (Table S5).

Furthermore, the results showed a statistically sig-
nificant difference in hypotension /orthostatic hypoten-
sion outcome (RR = 2.02, 95% CI [1.3 to 3.16], P = 0.002) 
between the two groups with a higher rate of hypotension 
in the sparsentan group. Pooled studies were homog-
enous (P = 0.32, I² =13%) (Figure.S16). A summary of the 
safety outcomes measures is found in Table S3.

Discussion
We found that sparsentan significantly reduces the UP/C 
ratio compared to irbesartan. Furthermore, we observed 
higher rates of both complete and partial remission of 
proteinuria with sparsentan. Notably, the eGFR chronic 
slope was statistically significantly higher in the sparsen-
tan group, and there was a significant reduction in DBP 
compared to the irbesartan group. Despite these differ-
ences, both medications showed comparable results con-
cerning the eGFR from baseline, the eGFR total slope, 
and the composite kidney outcome.

The evaluation of the efficacy of sparsentan in FSGS 
and IgA nephropathy is extensive and comprises many 
aspects that focus mainly on proteinuria and kidney 
function. The dual action of sparsentan on endothelial 
and angiotensin 2 receptors provides it an advantage 
over other antiproteinuric drugs in clinical and preclini-
cal studies [30, 31]. We assessed the change of UP/C ratio 
from baseline because it is the strongest predictor of 
the rate of progression of renal disease and the develop-
ment of renal failure in IgA nephropathy and FSGS [31]. 
Sparsentan showed a significant reduction in the UP/C 
ratio compared to irbesartan. Complete remission of 
the condition was defined as UP/C < 0.3  g/g, while par-
tial remission was defined as UP/C ≤ 1.5 g/g and a > 40% 
reduction in UP/C from baseline [31, 32]. The remission 
of proteinuria is considered an essential predictor of kid-
ney function preservation. Patients in sparsentan groups 
revealed higher rates of both complete and partial remis-
sions than patients in irbesartan groups. This remission 
warrants less risk of progressive kidney disease among 
those patients. Regarding blood pressure, sparsentan 
was superior to irbesartan in reducing DBP; however, its 
effect on SBP was insignificant compared to irbesartan. 
Heterogeneity was found in both outcomes and resolved 
by sensitivity analysis by removing Heerspink 2023. 
Sparsentan showed a marked reduction in SBP among 
FSGS groups compared to irbesartan.

Although data support the use of proteinuria reduc-
tion as a reasonably likely surrogate end point for a treat-
ment’s effect on progression to ESKD in IgA nephropathy 
[33] and FSGS [34], the best surrogate end points for 
kidney disease progression in clinical practice should 

Fig. 4  Forest plot showing the percentage of patients achieving partial remission of proteinuria
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be: eGFR decline at different time points, time to ESKD, 
eGFR decline > 30% or 50% at different time points. The 
drug effect on the GFR decline should be considered the 
best surrogate end point, certainly much more important 
than the reduction of proteinuria. Changes in eGFR from 
baseline were analyzed to quantify the impacts of the 
two drugs on kidney function, which is one of the most 
important clinical tests that reflect the functional state 
of the kidneys [35]. We noticed that the difference in 
eGFR change between the two groups was insignificant. 
The results were heterogeneous and could be resolved 
through sensitivity analysis by excluding Trachtman 
2018, which showed a dramatic change in the p-value 
(from 0.2 to 0.0008). This supports the idea that sparsen-
tan has a long-term effect on preserving eGFR and kid-
ney function. This justification was evidenced by analysis 
of the same outcome for Trachtman 2018 and Rovin 2023 
at week 4, which showed a minimal effect of sparsentan 
when compared to irbesartan in the short term (Figure. 
S19). Moreover, when we noticed that the heterogeneity 
was resolved by excluding the Trachtman 2018, which 
had the highest eGFR at the baseline. Hence, we per-
formed the meta-regression and found that the eGFR at 
the baseline may contributes to this heterogeneity (Table 
S6).

The eGFR slope representing the rate of change in 
eGFR per year was assessed because it is a good predictor 
of progression to kidney failure [36, 37]. The total eGFR 
slope results did not show marked differences between 
the two arms. In contrast, sparsentan improved chronic 
eGFR slope compared to irbesartan, indicating more 
preservation of kidney function. There was no significant 
difference between sparsentan and irbesartan regarding 
clinically relevant composite kidney endpoints. Concern-
ing safety evaluation, none of the adverse events favored 
either of the two groups except hypotension, which 
occurred at higher rates in patients receiving sparsen-
tan. This decrease in blood pressure guides us to consider 
that patients receiving additional antihypertensive drugs 
should be continuously monitored with dose titration 
[38].

Clinical implications
Individuals with FSGN and IgA nephropathy experi-
encing persistent proteinuria levels between 0.44 to 
< 0.88  g/g face an increased risk of progressive kidney 
disease [39]. The primary objective of managing these 
conditions is to maintain kidney function. The current 
standard treatment involves RAAS using either ACEI or 
ARB, administered at the highest tolerable or permissi-
ble dosage [40]. Furthermore, it is significant to highlight 
that several therapeutic attempts have been proposed in 
IgA nephropathy, with anti‑endothelin antagonists being 
possible promising agents together with anti-APRIL 

and anti-BLyS/BAFF antibodies, and some comple-
ment inhibitors [41]. Despite optimal supportive care, 
approximately 50% of patients may still progress to kid-
ney failure within 20 years, leading to reduced quality of 
life and increased risk of premature death [42]. However, 
sparsentan has demonstrated lower rates of protein-
uria and higher rates of partial and complete remission 
of proteinuria, thereby preserving kidney function while 
maintaining a favorable safety profile.

Corticosteroids and other immunosuppressive agents 
may be employed to treat FSGN and IgA nephropathy. 
However, long-term use of steroids and immunosuppres-
sive drugs carries a risk of serious adverse events such as 
increased risk of systemic infections due to immunosup-
pression with increasing risk of morbidity and mortality 
[43]. Sparsentan is an excellent alternative for managing 
FSGN and IgA nephropathy, as it does not impact the 
immune system, consequently reducing the risk of infec-
tions associated with immunosuppressive therapies [38].

Strength and limitations
In this systematic review and meta-analysis, we pres-
ent the current knowledge on the efficacy and safety of 
sparsentan against irbesartan in FSGS and IgA nephrop-
athy patients. It is the first systematic review and meta-
analysis to assess the efficacy and safety of sparsentan 
versus ARBs in IgA nephropathy and FSGS patients. 
Campbell et al. referenced Trachtman 2018 in their 
review but did not integrate it into their analyses [44]. 
Additionally, their review specifically focused on assess-
ing the efficacy and safety of ARBs and ACE inhibitors in 
patients diagnosed with primary FSGS only. It is worth 
noting that one ongoing phase II RCT evaluates the 
efficacy of sparsentan in pediatric patients with FSGS 
(NCT05003986), registered in August 2021. Moreover, a 
single-center phase II trial registered in December, 2020 
(NCT04663204) is recruiting to determine the nephro-
protective effects in newly diagnosed IgA nephropathy 
patients.

The current study has some limitations. Notably, there 
was a difference in the endpoint among the clinical tri-
als included in the analysis. The analysis endpoint in 
Trachtman 2018 was after eight weeks and 112, 36, and 
110 weeks in Rheault 2023, Heerspink 2023, and Rovin 
2023, respectively. Fortunately, this discrepancy in end-
point did not cause heterogeneity except in eGFR, which 
was discussed before. Moreover, the number of available 
published RCTs was limited, which may limit the exter-
nal validity of the results of this evidence. Another limi-
tation was the absence of error bars in the figure of the 
diastolic blood pressure in Rheault 2023. To overcome 
this obstacle, we assumed equal variances similar to 
those of systolic blood pressure. There was unexplained 
heterogeneity in nausea outcomes. Also, the different 
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definitions of partial remission between the studies are 
worthy of mention; as in Trachtman 2018 and Rheault 
2023, it was UP/C < 1.5, while in Heerspink 2023, it was 
urinary protein excretion < 1.0  g/day. Finally, we could 
not assess the publication bias using funnel-plot-based 
methods because they are inaccurate for fewer than ten 
studies reporting the same outcome.

Conclusion
In conclusion, Sparsentan was effective as an antiprotein-
uric treatment and showed higher rates of remissions of 
proteinuria in both IgA nephropathy and FSGS. How-
ever, it had relatively similar effects as irbesartan regard-
ing kidney composite outcomes and total eGFR slope. 
The evidence of the short-term effects of sparsentan on 
eGFR and SBP is still inconclusive, and more trials are 
required. Sparsentan showed a good safety profile of all 
measured adverse events except for episodes of hypo-
tension. Therefore, future RCTs comparing sparsentan 
against ACEIs, ARBs, corticosteroids, immunosuppres-
sive drugs, and standard therapy are required to con-
firm its safety and efficacy in patients with FSGS and 
IgA nephropathy. Finally, further real-world studies are 
needed to clarify the effectiveness of sparsentan in man-
aging IgA nephropathy and FSGS.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12882-024-03713-9.

Supplementary Material 1

Acknowledgements
Mohamed Abouzid is a participant of STER Internationalization of Doctoral 
Schools Program from NAWA Polish National Agency for Academic Exchange 
No. PPI/STE/2020/1/00014/DEC/02.

Author contributions
AAAE: conceptualization and methodology. AAAE, MAA, AME and AR: 
investigation and data curation. AME: formal analysis. AAAE, MAA, and AME: 
Writing - Original Draft. AR and RS: Supervision. AME: Project administration. 
AME, AR, MA, RS, and YA: Writing - Review & Editing. All authors reviewed the 
manuscript.

Funding
We received no funding for this study.

Data availability
Data is provided within the manuscript or supplementary information files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Conflict of interest
The authors declare no conflict of interest.

Competing interests
The authors declare no competing interests.

Author details
1Faculty of Medicine, Mansoura University, Mansoura, AAA, Egypt
2Faculty of Medicine, South Valley University, Qena, Egypt
3Department of Physical Pharmacy and Pharmacokinetics, Faculty of 
Pharmacy, Poznan University of Medical Sciences, Rokietnicka 3 St, 
Poznan 60-806, Poland
4Doctoral School, Poznan University of Medical Sciences, Poznan  
60-812, Poland
5Department of Internal Medicine, UCF College of Medicine, HCA Florida 
Ocala, Ocala, USA
6Department of Physical Medicine and Rehabilitation, Montefiore Medical 
Center, Wakefield Campus, NYMontefiore, USA

Received: 7 May 2024 / Accepted: 16 August 2024

References
1.	 Keskinyan VS, Lattanza B, Reid-Adam J. Glomerulonephritis Pediatr Rev. 

2023;44:498–512.
2.	 Wetmore JB, Guo H, Liu J, Collins AJ, Gilbertson DT. The incidence, prevalence, 

and outcomes of glomerulonephritis derived from a large retrospective 
analysis. Kidney Int. 2016;90:853–60.

3.	 Ștefan G, Zugravu A, Stancu S. Mortality in IgA nephropathy: a long-term 
Follow-Up of an eastern European cohort. Med (Mex). 2024;60:247.

4.	 Kiffel J, Rahimzada Y, Trachtman H. Focal segmental glomerulosclerosis 
and chronic kidney Disease in Pediatric patients. Adv Chronic Kidney Dis. 
2011;18:332–8.

5.	 Schena FP, Nistor I. Epidemiology of IgA Nephropathy: A Global Perspective. 
Semin Nephrol. 2018;38:435–42.

6.	 Pattrapornpisut P, Avila-Casado C, Reich HN. IgA Nephropathy: Core Curricu-
lum 2021. Am J Kidney Dis. 2021;78:429–41.

7.	 Gleeson PJ, O’Shaughnessy MM, Barratt J. IgA nephropathy in adults—treat-
ment standard. Nephrol Dial Transpl. 2023;38:2464–73.

8.	 Knoppova B, Reily C, King RG, Julian BA, Novak J, Green TJ. Pathogenesis of 
IgA Nephropathy: current understanding and implications for development 
of Disease-Specific treatment. J Clin Med. 2021;10:4501.

9.	 Yeo SC, Cheung CK, Barratt J. New insights into the pathogenesis of IgA 
nephropathy. Pediatr Nephrol. 2018;33:763–77.

10.	 Du Y, Cheng T, Liu C, Zhu T, Guo C, Li S, et al. IgA nephropathy: current 
understanding and perspectives on Pathogenesis and targeted treatment. 
Diagnostics. 2023;13:303.

11.	 Sausukpaiboon K, Panombualert S, Wisanuyotin S, Puapairoj A, Suparat-
tanagool P, Techasatian L, et al. Clinical manifestations and pathological 
correlation of immunoglobulin A nephropathy in children. BMC Nephrol. 
2022;23:366.

12.	 De Vriese AS, Wetzels JF, Glassock RJ, Sethi S, Fervenza FC. Therapeutic 
trials in adult FSGS: lessons learned and the road forward. Nat Rev Nephrol. 
2021;17:619–30.

13.	 Königshausen E, Sellin L. Circulating permeability factors in primary focal 
segmental glomerulosclerosis: a review of proposed candidates. BioMed Res 
Int. 2016;2016:1–9.

14.	 Petrou D, Kalogeropoulos P, Liapis G, Lionaki S. IgA nephropathy: current 
treatment and New insights. Antibodies. 2023;12:40.

15.	 De Cos M, Meliambro K, Campbell KN. Novel Treatment paradigms: focal 
segmental glomerulosclerosis. Kidney Int Rep. 2023;8:30–5.

16.	 Allinovi M, De Chiara L, Angelotti ML, Becherucci F, Romagnani P. Anti-fibrotic 
treatments: a review of clinical evidence. Matrix Biol. 2018;68–69:333–54.

17.	 Travere Therapeutics Announces FDA Accelerated Approval of FILSPARI™ 
(sparsentan.), the First and Only Non-immunosuppressive Therapy for the 
Reduction of Proteinuria in IgA Nephropathy.

18.	 Wada R, Kleijn HJ, Zhang L, Chen S. Population pharmacokinetic analysis of 
sparsentan in healthy volunteers and patients with focal segmental glomeru-
losclerosis. CPT Pharmacomet Syst Pharmacol. 2023;12:1080–92.

19.	 Lenoir O, Milon M, Virsolvy A, Hénique C, Schmitt A, Massé J-M, et al. Direct 
action of endothelin-1 on podocytes promotes diabetic glomerulosclerosis. J 
Am Soc Nephrol JASN. 2014;25:1050–62.

https://doi.org/10.1186/s12882-024-03713-9
https://doi.org/10.1186/s12882-024-03713-9


Page 10 of 10Elnaga et al. BMC Nephrology          (2024) 25:316 

20.	 Morphy R, Rankovic Z. Designed multiple ligands. An Emerging Drug Discov-
ery paradigm. J Med Chem. 2005;48:6523–43.

21.	 Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. editors. 
Cochrane Handbook for Systematic Reviews of Interventions [Internet]. 
1st ed. Wiley; 2019 [cited 2024 Mar 7]. https://onlinelibrary.wiley.com/doi/
book/10.1002/9781119536604

22.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic 
reviews. BMJ. 2021;n71.

23.	 EndNote. | The Best Citation & Reference Management Tool [Internet]. End-
Note. [cited 2023 Sep 19]. https://endnote.com/

24.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I et al. RoB 2: 
a revised tool for assessing risk of bias in randomised trials. BMJ. 2019;l4898.

25.	 RevMan [Internet]. [cited 2023 Sep 14]. https://training.cochrane.org/
online-learning/core-software/revman

26.	 Joanne E, McKenzie SE, Brennan RE, Ryan HJ, Thomson RV, Johnston. Chapter 
9: Summarizing study characteristics and preparing for synthesis. Cochrane 
Handb Syst Rev Interv [Internet]. Cochrane; 2023 [cited 2023 Dec 4]. https://
training.cochrane.org/handbook/current/chapter-09

27.	 Trachtman H, Nelson P, Adler S, Campbell KN, Chaudhuri A, Derebail VK, et 
al. DUET: a phase 2 study evaluating the efficacy and safety of Sparsentan in 
patients with FSGS. J Am Soc Nephrol. 2018;29:2745–54.

28.	 Rheault MN, Alpers CE, Barratt J, Bieler S, Canetta P, Chae D-W, et al. Sparsen-
tan versus Irbesartan in Focal Segmental Glomerulosclerosis. N Engl J Med. 
2023;389:2436–45.

29.	 Heerspink HJL, Radhakrishnan J, Alpers CE, Barratt J, Bieler S, Diva U, et al. 
Sparsentan in patients with IgA nephropathy: a prespecified interim analysis 
from a randomised, double-blind, active-controlled clinical trial. Lancet. 
2023;401:1584–94.

30.	 Rovin BH, Barratt J, Heerspink HJL, Alpers CE, Bieler S, Chae D-W, 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.

31.	 Reich HN, Troyanov SAA, Scholey JW, Cattran DC. Remission of Proteinuria 
improves prognosis in IgA Nephropathy. J Am Soc Nephrol. 2007;18:3177–83.

32.	 Troost JP, Trachtman H, Nachman PH, Kretzler M, Spino C, Komers R, et al. 
An outcomes-based definition of Proteinuria Remission in Focal Segmental 
Glomerulosclerosis. Clin J Am Soc Nephrol. 2018;13:414–21.

33.	 Thompson A, Carroll K, Inker A, Floege L, Perkovic J, Boyer-Suavet V. Protein-
uria Reduction as a surrogate end point in trials of IgA Nephropathy. Clin J 
Am Soc Nephrol. 2019;14:469–81.

34.	 Troost JP, Trachtman H, Spino C, Kaskel FJ, Friedman A, Moxey-Mims MM, et al. 
Proteinuria reduction and kidney survival in focal segmental glomeruloscle-
rosis. Am J Kidney Dis. 2021;77:216–25.

35.	 Jin R, Grunkemeier GL, Brown JR, Furnary AP. Estimated glomerular filtration 
rate and renal function. Ann Thorac Surg. 2008;86:1–3.

36.	 Levey AS, Gansevoort RT, Coresh J, Inker LA, Heerspink HL, Grams ME, et al. 
Change in Albuminuria and GFR as End points for clinical trials in early stages 
of CKD: A Scientific Workshop Sponsored by the National Kidney Foundation 
in collaboration with the US Food and Drug Administration and European 
Medicines Agency. Am J Kidney Dis. 2020;75:84–104.

37.	 Inker LA, Collier W, Greene T, Miao S, Chaudhari J, Appel GB, et al. A meta-
analysis of GFR slope as a surrogate endpoint for kidney failure. Nat Med. 
2023;29:1867–76.

38.	 Campbell KN, Griffin S, Trachtman H, Geletka R, Wong MG. Practical consid-
erations for the Use of Sparsentan in the treatment of patients with IgAN in 
clinical practice. Int J Nephrol Renov Dis. 2023;16:281–91.

39.	 Rovin BH, Adler SG, Barratt J, Bridoux F, Burdge KA, Chan TM, et al. KDIGO 
2021 Clinical Practice Guideline for the management of glomerular diseases. 
Kidney Int. 2021;100:S1–276.

40.	 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.

41.	 Del Vecchio L, Allinovi M, Comolli S, Peiti S, Rimoldi C, Locatelli F. Drugs in 
Development to treat IgA nephropathy. Drugs. 2024;84:503–25.

42.	 Kwon CS, Daniele P, Forsythe A, 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 [Internet]. 
2021 [cited 2024 Apr 14];8. https://jheor.org/article/26129-a-systematic-
literature-review-of-the-epidemiology-health-related-quality-of-life-impact-
and-economic-burden-of-immunoglobulin-a-nephropathy

43.	 Komers R, Gipson DS, Nelson P, Adler S, Srivastava T, Derebail VK, et al. Efficacy 
and safety of Sparsentan compared with Irbesartan in patients with primary 
focal segmental glomerulosclerosis: Randomized, controlled Trial Design 
(DUET). Kidney Int Rep. 2017;2:654–64.

44.	 Campbell KN, Pennese N, Zaffalon A, Magalhaes B, Faiella M, Caster DJ, et al. 
Efficacy and safety of ACE inhibitor and angiotensin receptor blocker thera-
pies in primary focal segmental glomerulosclerosis treatment: a systematic 
review and Meta-analysis. Kidney Med. 2022;4:100457.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://onlinelibrary.wiley.com/doi/book/10.1002/9781119536604
https://onlinelibrary.wiley.com/doi/book/10.1002/9781119536604
https://endnote.com/
https://training.cochrane.org/online-learning/core-software/revman
https://training.cochrane.org/online-learning/core-software/revman
https://training.cochrane.org/handbook/current/chapter-09
https://training.cochrane.org/handbook/current/chapter-09
https://jheor.org/article/26129-a-systematic-literature-review-of-the-epidemiology-health-related-quality-of-life-impact-and-economic-burden-of-immunoglobulin-a-nephropathy
https://jheor.org/article/26129-a-systematic-literature-review-of-the-epidemiology-health-related-quality-of-life-impact-and-economic-burden-of-immunoglobulin-a-nephropathy
https://jheor.org/article/26129-a-systematic-literature-review-of-the-epidemiology-health-related-quality-of-life-impact-and-economic-burden-of-immunoglobulin-a-nephropathy

	﻿Safety and efficacy of sparsentan versus irbesartan in focal segmental glomerulosclerosis and IgA nephropathy: a systematic review and meta-analysis of randomized controlled trials
	﻿Abstract
	﻿Introduction
	﻿Methodology
	﻿Protocol registration
	﻿Data sources & search strategy
	﻿Eligibility criteria and study selection
	﻿Study selection and data extraction
	﻿Risk of bias and certainty of evidence
	﻿Assessed outcomes
	﻿Statistical analysis

	﻿Results
	﻿Literature search and study selection
	﻿Characteristics of included studies
	﻿Risk of bias assessment
	﻿Primary outcomes
	﻿Change of UP/C ratio from baseline
	﻿Remission of proteinuria


	﻿Secondary outcomes
	﻿Change in eGFR from baseline
	﻿The eGFR total and chronic slopes
	﻿SBP and DBP
	﻿Composite kidney outcome

	﻿Safety outcomes
	﻿Discussion
	﻿Clinical implications
	﻿Strength and limitations
	﻿Conclusion
	﻿References


