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Opposite  effects of ETA /ETB R

 ETA 

➢ High blood pressure 

➢ Vasconstrictor effect 

➢ Inflammation  

➢ Fibrosis  

ETB  

➢ Renal NA excretion 

Vascular and renal effects of endothelin 1 are closely 
related to ET-A and ET-B receptors  
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Main endothelin receptor antagonists and selectivity 
for the ET receptors



A wide range of potential uses 

IgAN
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Preclinical studies : Clinical studies :



Essential/ Resistant Hypertension 

(Forni Revu Med Suisse 2011 )

An estimated 1·3 billion people 

have Hypertension of which 

approximately 10% have 

resistant hypertension

Global public health concern



Essential Hypertension 
Bosentan/Placebo/Enalapril

267 patients with mild-to moderate 

essential hypertension (stage I –II PAD entre 95 et 115 mmHg PAM >85 /24H)

The mean duration of active treatment was similar in all 

six groups, ranging from 25.9 to 27.6 days. 

A total of 267 patients had completed the week 4 

assessment at the time the study

(Krum H NEJM 1998 )

Primary end point of the study (the change from 

baseline in the office measurement of diastolic

pressure in the sitting position) at  4 W



As compared with placebo, bosentan resulted in a significant reduction in diastolic pressure 

with a daily dose of 500 or 2000 mg (an absolute reduction of 5.7 mm Hg at each dose), 

which was similar to the reduction with enalapril (5.8 mm Hg)

Essential Hypertension 

(Krum H NEJM 1998 )



The incidence of reported adverse events 

(including those considered to be unrelated to the study 

drug) was similar among the six treatment groups

The most common adverse events reported with bosentan were headache

(Krum H NEJM 1998 )

Essential Hypertension 

Conclusion Long term treatment with the endothelin-receptor antagonist bosentan in 

patients with mild-to-moderate hypertension results in significant reductions in blood 

pressure as compared with placebo



Darusentan/Placebo
379 patients treatment of resistant HTA

= with systolic blood pressure of 140 mm Hg or more 
(≥130 mm Hg if patient had diabetes or chronic kidney disease)
who were receiving at least three blood-pressure-lowering drugs including a diuretic

(Weber MA Lancet 2009)

Resistant Hypertension 
Primary endpoints were the change 
from baseline to week 14 in sitting 
systolic and diastolic blood pressures.



Oedema or fluid retention occurred in 67 (27%) patients given 

darusentan compared with 19 (14%) given placebo. 

One patient in the placebo group died (sudden cardiac death), 

and 5 patients in the three darusentan dose groups combined 

had cardiac-related serious adverse events

(Weber MA Lancet 2009)

Resistant Hypertension 

All three darusentan doses produced 

significant reductions 

in both systolic and diastolic

blood pressures

At the end of the study (14W): 

143/81 mm Hg with placebo, 

134/77 mm Hg with darusentan 50 mg, 

134/76 mm Hg (17/11) with darusentan 100 mg, 

134/76 mm Hg (17/11) with darusentan 300 mg

Conclusion The use of this drug accompanied by 

effective diuretic therapy seems to represent a new 

and effective strategy for dealing with treatment-

resistant hypertension.



The Parallel-Group, Phase 3 Study with Aprocitentan in Subjects with Resistant Hypertension (PRECISION) 

Resistant Hypertension 

= Sitting systolic blood pressure > 140 mm Hg despite taking standardized background therapy consisting of 

three antihypertensive drugs, including a diuretic

Three sequential parts: 

➢ part 1 was the 4-week double-blind, randomised, and placebo-controlled part, in which patients 

received aprocitentan 12·5 mg, aprocitentan 25 mg, or placebo in a 1:1:1 ratio 

➢ part 2 was a 32-week single (patient)-blind part, in which all patients received aprocitentan 25 mg 

➢ part 3 was a 12-week double-blind, randomised, placebo-controlled withdrawal part, in which 

patients were re-randomised to aprocitentan 25 mg or placebo in a 1:1 ratio

(Schlaich M Lancet 2022)

The primary and key secondary endpoints were changes in office systolic blood pressure from 

baseline to week 4 and from withdrawal baseline to week 40, respectively



The change in office SBP at 4 weeks was

➢ –15·3 mm Hg for aprocitentan 12·5 mg, 

➢ –15·2 mm Hg for aprocitentan 25 mg,

➢ –11·5 mm Hg for placebo, 

for a difference versus placebo 

of –3·8 (1·3) mm Hg (p=0·0042) and - 3·7  mm Hg (–6·7 to –0·8, p=0·0046),respectively

Resistant Hypertension 

704 (96%) completed part 1 of the study

of these, 613 (87%) completed part 2 

of these, 577 (94%) completed part 3 of 

the study

(Schlaich M Lancet 2022)



The eGFR decreased slightly with aprocitentan in part 1 

versus placebo, stabilised in part 2, and decreased further 

in the aprocitentan group in part 3 while remaining stable 

in the placebo group 

Resistant Hypertension 

Slight increases in N-terminal pro-brain natriuretic peptide 

(NT-proBNP) and mid-regional pro-atrial natriuretic 

peptide (MR-proANP) were observed in part 1 with 

aprocitentan, followed by stabilisation during part 2 and 

reversal during part 3

Conclusion In patients with resistant hypertension, 

aprocitentan was well tolerated and superior to placebo in 

lowering blood pressure at week 4 with a sustained effect at 

week 40

(Schlaich M Lancet 2022)



Diabetic Nephropathy

(Zhang World Journal of Diabetes 2020 )



multicenter, multinational, double-blind, placebo controlled trial. 

1392 participants with type 2 diabetes 

oral avosentan (25 or 50 mg) or placebo during 42 months 

The composite primary outcome was the time to 

doubling of serum creatinine, ESRD, or death.

Secondary outcomes included changes in albumin-to-

creatinine ratio (ACR) and cardiovascular outcomes

Diabetic Nephropathy

(Mann et al JASN 2010 )

Receptor Antagonist Avosentan on Time to Doubling of Serum Creatinine, End

Stage Renal Disease or Death in Patients With Type 2 Diabetes Mellitus and 

Diabetic Nephropathy

ASCEND study 

Overt nephropathy =

urine ACR 35 mg/mmol (309 mg/g)

and 

serum creatinine level between115 and 265 mmol/L in men and 

between 106 and 265 mmol/L in women.



Trial was stopped prematurely after a median follow-up of 4 

months (maximum 16 months) because of an excess of 

cardiovascular events with avosentan. 

No difference in the frequency of the primary outcome 

between groups

Avosentan significantly reduced ACR: 

avosentan 25 mg/d, 50 mg/d, and placebo, 

the median reduction in ACR was 

➢ 44.3%

➢ 49.3 %

➢ 9.7%,respectively. 

(Mann et al JASN 2010 )

Diabetic Nephropathy



Adverse events led to discontinuation of trial medication significantly more 
often for avosentan than for placebo (19.6 and 18.2 versus 11.5% for 
placebo), dominated by fluid overload and congestive heart failure; 
death occurred in 
➢ 21 (4.6%), 
➢ 17 (3.6%;),
➢ 12 (2.6%)

(Mann et al JASN 2010 )

Diabetic Nephropathy

Conclusion

Avosentan reduces 

albuminuria when added to 

standard treatment in people 

with type 2 diabetes and 

overt nephropathy but 

induces significant fluid 

overload and congestive

heart failure



Diabetic Nephropathy

Prospective randomized, double-blind, placebo-controlled clinical trial 

efficacy and safety of atrasentan for the reduction of residual albuminuria in subjects with type 2 DN who 

were receiving stable doses of angiotensin converting enzyme inhibitors (ACEIs) or angiotensin receptor 

blockers (ARBs).

eGFR >20 ml/min and a urinary albumin-to-

creatinine ratio (UACR) of 100 to 3000 mg/g 

placebo 

or 

atrasentan (0.25, 0.75, or 1.75 mg daily) 

for 8 weeks

(Kohan et al JASN 2011)

primary efficacy measure was change from
baseline to each post baseline observation in UACR over the 
course of the treatment period.



Compared with the 11% reduction in the mean of the UACR 
from baseline to final observation in the placebo group during 
the study, the mean of UACR decreased by 
21, 42, and 35% in the 0.25-, 0.75-, and 1.75-mg atrasentan
groups (P = 0.291, P = 0.023, and P =  0.073, respectively

In the placebo group, 17% of subjects achieved > 40% reduction 
in UACR from baseline 
compared with 
30% , 50 %, and 38% in the 0.25-, 0.75-, and 1.75-mg atrasentan
groups, respectively (P = 0.029 for 0.75 mg versus placebo)

Diabetic Nephropathy

(Kohan et al JASN 2011)



(Kohan et al JASN 2011)

Diabetic Nephropathy

Conclusion

Atrasentan, at the doses tested, 

safe and effective in reducing residual albuminuria 

and may ultimately improve renal outcomes

in patients with type 2 diabetic nephropathy.



(De Zeeuw JASN 2014 )

211 patients with type 2 diabetes

 

urine albumin/creatinine ratios of 300–3500 mg/g 

and 

eGFRs of 30–75 ml/min per 1.73 m2 

placebo (n=50) or to 0.75 mg/d (n=78) or 1.25 mg/d 

(n=83) atrasentan for 12 weeks

Phase IIB clinical trialrandomized, double blind,

parallel-designed, placebo-controlled, 12-week, multicenter

studies (ATRASENTAN)

Diabetic Nephropathy

The primary efficacy endpoint was the change from 

baseline to week   UACR.



Compared with placebo, 0.75 mg and 1.25 mg atrasentan

reduced 

➢ urine albumin/ creatinine ratios by an average of 35% and 

38% 

➢ albuminuria > 30% in 51% and 55% of participants, 

respectively. 

➢ eGFR measurements did not change 

(De Zeeuw JASN 2014 )

Diabetic Nephropathy



24-hour systolic and diastolic BP 

LDL cholesterol, 

triglyceride levels 

decreased significantly in both treatment groups

After stopping atrasentan for 30 days

measured parameters returned to pretreatment levels

(De Zeeuw JASN 2014 )

Diabetic Nephropathy

Conclusion 

Atrasentan reduced albuminuria and improved

BP and lipid spectrum with manageable fluid 

overload–related adverse events in patients with type 

2 diabetic nephropathy receiving RAS inhibitors



Atrasentan and renal events in patients with type 2 diabetes and chronic kidney disease (SONAR): a double-blind 
randomised, placebo-controlled trial

Diabetic Nephropathy

▪ 18–85 years with 

▪ type 2 diabetes, 

▪ estimated glomerular filtration rate (eGFR) 25–75 mL/min 

▪ a urine albumin-to-creatinine ratio (UACR) of 300–5000 mg/g 

▪ who had received maximum labelled or tolerated renin–angiotensin system inhibition for at least 4 

weeks

Participants were given atrasentan 0·75 mg orally daily during an enrichment period before random group 

assignment. 

Those with a UACR decrease of at least 30% with no substantial fluid retention during the enrichment period 

(responders) were included in the double-blind treatment period

The primary endpoint was a composite of doubling of serum creatinine (sustained for ≥30 days) 

or end-stage kidney disease at 42 months 

(Heerspink Lancet 2019)



11 087 patients were screened; 5117 entered the enrichment period, 

2648 patients were responders and were randomly assigned to the

atrasentan group (n=1325) 

or placebo group (n=1323)

Median follow-up was 2·2 years 

79 (6·0%) of 1325 patients in the atrasentan group and 105 (7·9%) of 1323 

in the placebo group had a primary composite renal endpoint event 

(hazard ratio [HR] 0·65 p=0·0047) 

(Heerspink Lancet 2019)

Diabetic Nephropathy



(Heerspink Lancet 2019)

Diabetic Nephropathy
Fluid retention and anaemia

adverse events, were more 

frequent  in the atrasentan group 

than 

in the placebo group

Conclusion
Patients with

type 2 diabetes and CKD

selected for a substantial UACR 

reduction and minimal

clinical signs of sodium retention 

during short-term

treatment with atrasentan had

a significantly lower risk

of doubling of serum creatinine 

or end-stage kidney

disease during long-term treatment 

with this endothelin

receptor antagonist compared with 

placebo.



The inclusion criteria were as follows: 

(1) Patients 18 to 85 years old; 

(2) Diagnosed with DM for at least 4 wk; 

(3) Albuminuria: urinary albumin-to-creatinine ratio (UACR) > 3 mg/mmoL

 (4) Measured eGFR > 15 mL/min per 1.73 m2 or serum creatinine (sCr) < 3 mg/dL.

Diabetic Nephropathy

(Zhang World Journal of Diabetes 2020 )



The present meta-analysis included a total of 5271 participants (3331 and 1940 in the experimental 
and control groups, respectively)

Diabetic Nephropathy

(Zhang World Journal of Diabetes 2020 )



Conclusion ER antagonists group showed a significantly 

greater reduction in albuminuria and more patients with 40% 

reduction in urinary albumin-to-creatinine ratio than 

the control group  (P < 0.0001 and P = 0.02, respectively)

No significant difference in eGFR change from 

baseline between the experimental  and control 

groups 

(P = 0.63) 

(Zhang World Journal of Diabetes 2020 )

Diabetic Nephropathy

No significant difference in AEs (P = 0.08) and

mortality (P = 0.23) 

However, the intervention group had a higher 

incidence of SAEs than the control group (P = 0.0009)



Chronic kidney disease 

Zibotentan in combination with dapagliflozin compared with 

dapagliflozin in patients with chronic kidney disease (ZENITH-CKD): a 

multicentre, randomised, active-controlled, phase 2b, clinical trial

Adults (≥18 to ≤90 years) with an estimated GFR (eGFR) > 20 mL/min 

and a urinary albumin-to-creatinine ratio (UACR) of 150–5000 mg/g 

were randomly assigned (2:1:2) to 12 weeks of daily treatment  with 

➢ zibotentan 1·5 mg plus dapagliflozin 10 mg

➢ zibotentan 0·25 mg plus dapagliflozin 10 mg

➢ dapagliflozin 10 mg plus placebo

The primary endpoint was a change from baseline UACR (zibotentan 1·5 mg plus 

dapagliflozin vs dapagliflozin plus placebo) at week 12

(Heerspink Lancet 2023)



1492 participants 

For the main analysis, 449 (30%) participants,

▪ mean age 62·8 years , 

▪ 138 [31%] female, 

▪ 305 [68%] White, 

▪ mean eGFR 46·7 mL/min 

▪ median UACR 565·5 mg/g 

received treatment with

➢ zibotentan 1·5 mg plus dapagliflozin (n=179 

[40%]), 

➢ zibotentan 0·25 mg plus dapagliflozin (n=91 

[20%]) 

➢ or dapagliflozin plus placebo (n=177 [40%]).
 
Type 2 DB  59 % 57% 58% 

Chronic kidney disease 

(Heerspink Lancet 2023)



The effect of zibotentan plus dapagliflozin compared with 

dapagliflozin plus placebo in reducing UACR was 

consistent across subgroups defined by baseline type 2 

diabetes status and eGFR level

At week 12, the difference in UACR versus dapagliflozin plus 

placebo was

 –33·7% p<0·0001) for zibotentan 1·5 mg plus dapagliflozin 

and 

–27·0% (90% CI –38·4 to –13·6; 

p=0·0022) for zibotentan 0·25 mg plus dapagliflozin

Chronic kidney disease 

(Heerspink Lancet 2023)



Fluid-retention events were observed in 
➢ 33 (18%) of 179 participants in the zibotentan 1·5 mg plus dapagliflozin group, 
➢ 8 (9%) of 91 in the zibotentan 0·25 mg plus dapagliflozin group,  
➢ 14 (8%) of 177 in the dapagliflozin plus placebo group

Chronic kidney disease 

(Heerspink Lancet 2023)

Conclusion

Combined treatment with low-dose zibotentan and dapagliflozin

yielded a robust and significant reduction in albuminuria, with an 

acceptable safety profile when compared with placebo combined with 

dapagliflozin.



FSGS In this phase 2, randomized, double-blind, active-control 

Efficacy and Safety of Sparsentan (RE-021),

a Dual Endothelin Receptor and Angiotensin Receptor 

Blocker, in Patients with Focal Segmental 

Glomerulosclerosis (FSGS):  DUET study 

Patients aged 8–75 years with biopsy-proven FSGS, 

eGFR >30 ml/min, and urinary protein-to-creatinine ratio 

(UP/C) >1.0 g/g received sparsentan (200, 400, or 800 

mg/d) or irbesartan (300 mg/d) for 8 weeks,

Conclusion Sparsentan-treated patients had 

greater reductions

in UP/C than irbesartan-treated patients did 

when all doses 

(45% versus 19%; P=0.006) 

or 

the 400 and 800 mg doses 

(47% versus 19%; P=0.01)

The primary endpoint was a change from baseline 

UACR sparsentan vs placebo) at week 8 (Trachtman H JASN 2018 )



FSGS 

(Rheault MN NEJM 2023 )

Longer-term efficacy and safety outcomes from a 108-week, randomized, 

phase 3 clinical trial that compared sparsentan with the active control 

irbesartan in patients with FSGS  DUPLEX study 

The surrogate efficacy end point assessed at the prespecified 
interim analysis at 36 weeks was the FSGS partial remission of 
proteinuria end point (defined as a urinary protein-to-
creatinine ratio of ≤1.5 [with protein and creatinine both 
measured in grams] and a >40% reduction in the ratio from 
baseline)

Primary efficacy end point was the estimated glomerular 
filtration rate (eGFR) slope at the time of the final analysis 
W112



P=0.009

(Rheault MN NEJM 2023 )

Conclusion no significant between-group differences in eGFR

slope at 108 weeks,  despite a greater reduction in proteinuria 

with sparsentan than with irbesartan

FSGS 



IgA Nephropathy 
Randomized, double-blind, active-control Efficacy and Safety of Sparsentan a 

Dual Endothelin Receptor and Angiotensin Receptor Blocker, in Patients with 

IgA N

▪ ≥ 18 ans

▪ Biopsy proven IgAN

▪ Proteinuria ≥ 1,0 g/24h

▪ eGFR ≥ 30 ml/min

▪  SBP≤ 150 mm Hg

▪ DBP ≤ 100 mm Hg

▪ Despite meximised renin angiotensin system inhibitor for at 
least 12 Weeks  

Primary efficacy end point of prespecified interim analysis = 
primary proteinuria efficacy end point at 36 Weeks  

400 mg 300 mg

(Heerspink Lancet 2023)



IgA Nephropathy 

Conclusion

Statistical significant effect on sparsentan compared 

to Ibersartan on UPCR level after 36 W of treatment 

(Heerspink Lancet 2023)



IgA Nephropathy 

(Rovin B Lancet 2023 )

Conclusion 

The totality of data from PROTECT suggests 

that sparsentan is an effective and safe 

treatment for IgA nephropathy 

that delivers meaningful clinical benefit 

beyond RAS inhibition alone.



Conclusion

Potential interest in a 
broad spectrum of renal 
diseases 

Key therapeutic option
to reduce proteinuria level

Effect on CKD progression
remains uncertain 



Conclusion

CKD

Promising results in 

DKD

HTA 

IGAN  (reduction 
of eGFR decline)

Interest of combination
ERA and ISGLT2
- Synergisitc effect
- Reduction of side
effects (fluid retention) 
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