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Vascular and renal effects of endothelin 1 are closely
related to ET-A and ET-B receptors
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Figure 1. Scheme of the endothelin system. ET-1 acts thought its binding to ET4 and ETg producing

opposite effects in the kidney. The effects caused by the activation of ET 4 are shown in red and the "
effects of ETg activation are shown in blue. In pathological conditions, the hyperglycaemia, acidosis > In flamma t’on
and the presence of insulin, angiotensin Il and proinflammatory cytokines causes the increase of ET-1

concentration, which produces deleterious effects on renal function, such as vasoconstriction and

endothelial damage, inflammation, fibrosis, podocyte damage or albuminuria.
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Main endothelin receptor antagonists and selectivity
for the ET receptors

Year of

ERA Affini ¥
-y Development " Riatue
BQ-123 ETA 1995 -
Darusentan EEA 1996 Investigational
~1000-fold SHg
Atrasentan ET4 1996 Investigational
~1800-fold '
S ETa
Sitaxentan ~6500-fold 1997 -
Ambrisentan LA 2004 Approved in 2007
>4000-fold PP
Macitentan ETa Approved in 2013
~1000-fold
Avosent ETa 2006 Investigational
vosentan ~500-fold nvestigatio
Zibotentan ET, 2010 Investigational
BQ-788 ETg 1994 =

Table 2. Conl.
o Alhrisy Delee:;:\int y Status
Bosentan ETA/ETy 1999 Approved in 2001
Tezosentan ETA/ETg 2001 -
Aprocitentan ETA/ETg 2015 Investigational
Sparsentan 1 OE()&{;l d 2005 Investigational

Martinez Diaz | International J of Mol Sciences 2023



A wide range of potential uses

Preclinical studies : Clinical stud|es
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Essential/ Resistant Hypertension

Auteur Population Durée | Antagonisme ARE testé  TA (mmHg) Valeur p Autres effets
Publication HTA (mois) (dose max) TASITAD
Krum, 1998!" | Seade |l | ETA-ETB Bosentan 2000 -10,3/-57 <0,05
(n=267) Enabapril 20 958 <005
Placebo 0,918
Nakow, 2002'% | Scade ll 1% Sélectf ETA Darusentan 100 | .11,3/-83* |} 0,000
(n=387) Placebo na
Ralchlin 2008'% | HTA et risque 6 Sélectf ETA Atrasentan 10 1417 < 0,001 Méuabalisme glycémique,
CV deve Placebo -4/ lipidique et de I'scide urique
(n=72)
Black, 20072 | HTA résistante 2% SHecuf ETA Darusentan 300 | -11.5463* | 0,015/0,002
(n=115) Placebo na
Weber, 20092 | HTA résistante, 2 Sélecuf ETA Darusentan 300 | 18411 < 0,000/ Antiprotéinurique
DORADO Risque CV &levé Placebo 915
(n=379)
Bakris, 201013 | HTA résistante 2% Sélecuf ETA Darusentan -15/-10 ns
DORADO-AC | (n=849) Guanfacine 126
Placebo -14/-8

An estimated 1-3 billion people
have Hypertension of which
approximately 10% have
resistant hypertension

Global public health concern

(Forni Revu Med Suisse 2011)



Essential Hypertension

Bosentan/Placebo/Enalapril
267 patients with mild-to moderate
essential hypertension (stage | —Il PAD entre 95 et 115 mmHg PAM >85 /24H)

TasLE 1. BasE-LINE CHARACTERISTICS OF THE PATIENTS.®

~

+HARACTERISTIC

Male sex (%)

\ge (vr)

Neaght (kg)
Heght (cm)
Heart rate (bpmy)

DMhice blood-pressure measure-

ments (mm Hg)
Dustolic pressure
Svstolic pressure

Ambulatory blood-pressure

monitoring (mm Hg)
24-Hr dustolic pressure

Daytime diastolic pressure
Nighttime dustolic pressure

24-Hr systobe peessure
Daytime systolic pressure

Nighttime systolic pressure

serum creatinine | pmol /liter) 1

Neurohormonal factors 3
Phsma norepmephirine
(nmol liter)

1017445
15834141

V442072
992471
85.2489
14954134
155.2+13.7
13842152
Q0 14

18209

Phsma reon activity (iU icer) IS 42104

Phsma angiotensn 11 (ng/liter)
Plasma endothelin-1 (ng/hiter)

Phsma beg endothelin-1
(ng/lter)

822100
41205
13.322.1

1039=4.1
1862163

V76267
1026273
879+76
16042169
16682180
147.8=17.2
93+15

14x1.1

178%£11.0

11.7+21.8
20208

131233

BOSENTAN
500 mg 10 mg
(N=49) (N=45)
mean =SD
76 64
55210 54410
83x11 83x13
17328 17128

73.5+8.1 748275

1011250 1074247
16122143 16152147

941267 V64265
985276 100.8x6.1
855281 87.7+84

15372123 15262140

15892128 15542140

14332142 14202156
94417 94211

15210 1.7209

2542309 27.0£25.0

1212237 8.0:93
4.2+1.1 £.0x07
14444 134226

2000 mg
(N=50)

10292438
161.3213.2

96.227.5
101057 4
866294
15362116
15824119
14202135
92413

1.8+13

1

I+ I+

m-—ox

Y
0
R
A

wWo e

e 1+

5.
5.
4.
13.:

{(N=50)

1022450
lel 92143

JI
S 9w

94
99.
3=- “(
152.3+120
158.6212.3
138.64146
91%15

OJ .
Jl

19410

1632126
992174
40209

13.7433

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

Primary end point of the study (the change from
baseline in the office measurement of diastolic
pressure in the sitting position) at 4 W

(Krum H NEJM 1998 )



Essential Hypertension
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Change from Base Line (mm Hg)

100 mg 500 mg 1000 mg 2000 mg

-14

Placebo Bosentan Enalapril 100mg 500mg 1000mg 2000 mg
Figure 1. Mean {=SE) Change from Base Line in Diastolic Pressure in Patients with Mild-to-Moderate Placebo Bosentan Enalapril
Hypertension Assigned to Receive Placebo, Bosentan {100, 500, 1000, or 2000 mg Daily), or Enalapril Figure 2. Mean (=SE) Change from Base Line in Systolic Pressure in Patients with Mild-to-Moderate

(20 mg Daily).

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)

(Krum H NEJM 1998)



Essential Hypertension

TasLe 3. CHANGES FROM BASE LINE IN NEUROHORMONAL FACTORS.*

PLacsso
NEURCHORMONAL FACTOR (N=19)
Masma remn activaty (mlIU /liter) 25466
Angrotensia Il (ng/hter) 0.3£63
Endothelin-1 (ng/hter) 01203
Big endothelin-1 (ng/kiter) 03208
Norepinephnne (nmol /liter)§ 0.320.3

BosenTAN EI';‘M:Z’;. . .
it i Sl The incidence of reported adverse events
mean 5 (including those considered to be unrelated to the study
Cters atars o S et drug) was similar among the six treatment groups
22009 09508 —20s0r Tiets 23s081
04203 05203 06203 0203 0.3203

*One value, excheded from the table but meluded m the nonparametric analyss, was more than 5 SD from the mean:
angiotensin [1, 208.0 ng per liter, in a patient recaving 500 myg of bosentan daly.

$1<0.05 for the comparison with placebo.

The most common adverse events reported with bosentan were headache

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

(Krum H NEJM 1998)



Resistant Hypertension

Darusentan/Placebo
379 patients treatment of resistant HTA

= with systolic blood pressure of 140 mm Hg or more
(2130 mm Hg if patient had diabetes or chronic kidney disease)
who were receiving at least three blood-pressure-lowering drugs including a diuretic

718 patients assessed for cligihility

339 incligible

287 did not mieet entry critera
25 withdrew consent
27 other reasons

A

I 379 enrolled and randomised I

[

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

132 assigned to 81 assigned to 81 asugned to 85 assagned to
placebo darusantan 50 mg darusentan 100 mg darusentan 300 mg
5 discontinued study 8 discontinued study 10 descontinued study 8 discontinued study
1 adverse event 4 adverse event 2 adverse evert 4 adverse event
3 withdrew consent 1 withdrew comsent 1 withdrew consent 3 withdrew consert
1 loat to follow up 1|ost to folow-ap 4 lost to follow-up 0 lost ta folow-up
0 other reasons 2 other reasons 3 other reasons 1 other reasans
[ 127 completed | l 73 completed | I 71 completed I F‘? completed

Figure 1: Triad profile

Placsbo  Darusentan  Darusentan

Darusentan Al patients

(n=132)  50mg(n=81) 100mg(n<B1) 300mg(ns8S) (Ns379)
Age (years) 62(9) 62(8) 62(9) 61(10) 62(9)
Women 72(55%) 38(47%) 40 (49%) 41(48%) 191 (50%)
Black 7(21%)  16(20%) 14 (17%) 18(21%) 75 (20%)
Body-mass index (kg/m’) 32(6) 33(5) 31(6) 31(S) 32(5)
eGFR (mL/min/2-73 m’") 8023  81(n) 76420) 78 20) 79(1)
Four antibypertemsivedrugs  75(57%)  S0(62%) 50 (62%) 45(53%) 220 (SB%)
Diuretic drugs 131(99%) B81(100%)  81(100%) 84(99%) 377 (99%)
ACE! o ARB 127(96%) 78(96%)  78{96%) 84(99%)  367(97w)
Cakium-channel bocker 0b(73%) 64(79%)  SH(69Y) B5(77%) 281 (74%)
B blockes B5(64%) 51(63%) 56 {69%) 68 (68%) 250 (66%)
Otherantihypertensivedrugn 25 (19%)  16(20%)  23(28%) 15 (18%) 79(21%)

(Weber MA Lancet 2009)



Resistant Hypertension [~ =

All three darusentan doses produced
significant reductions

in both systolic and diastolic

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

darusentan compared with 19 (14%) given placebo. S
One patient in the placebo group died (sudden cardiac death), 84wk o restment
and 5 patients in the three darusentan dose groups combined At the end of the study (14W):

had cardiac-related serious adverse events 143/81 mm Hg with placebo,

i _ _ 134/77 mm Hg with darusentan 50 mg,
Conclusion The use of this drug accompanied by 134/76 mm Hg (17/11) with darusentan 100 mg,

effective diuretic therapy seems to represent a new 134/76 mm Hg (17/11) with darusentan 300 mg
and effective strategy for dealing with treatment-
resistant hypertension. (Weber MA Lancet 2009)




Resistant Hypertension

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

= 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

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

(Schlaich M Lancet 2022)



Aproc Ap Placebo
12:5mg (n=243) 25mg(n=243) (n=244)

Age at screemng, yearns

Mean age at screening 61.2{103) 617{104) 622{112)

1810 <65 143 (59%) 136 (56%) 130(53%)

6510 <75 78 (32%) 85(35%) 86 (35%)

=5 22(9%) 22(9%) 28 (11%)
Gender

Men 144 (59%) 145 (60%) 145 (59%)

Women 99 (41%) 98 (40%) 99 {41%)
Geographical srea

Eyrope 153 (63%) 143(59%) 152 (62%)

Noeth America 76 (31M) 81(33%) 75(31%)

Asia or Australis 14(6%) 19(8%) 17 (7%)
Race or ethnicity

White 203 (84%) 200 (82%) 202 (83%)

Black or African American 28 (12%) 28 (12%) 26 (11%)

Asian 11(5%) 14 (6%) 13 (5%)

Othert 1(0) 1{0) 3(1%)
BMI at screening, kg/m’

Mean BMI 336(62) 343(68) 333(56)

Low to averweight (<20) 75(31%) 70 (29%) 79 (32%)

Obese (30 to <40) 135 (56%) 132 (54%) 132 (54%)

Severely obese (=40) 33 (14%) 431 (17%) 33 (14%)
Estimated glormnerular filtration rate at baseline G5 (23%} 61(25%) 46 (19%)
between 15 and <60 mL/min per173 m
Urine albumsin-creatinine ratio at baseline, mg/gt

<30 144 (60%) 155 (65%) 154 (65%)

3010300 63 (26%) 55(23%} 56 (24%)

»300 34 (14%) 28(12%) 28{12%)
Medical history

Diabetes 131 (54%) 137 (56%) 127 (52%)

wchaernic heart disease 73(30%) 79(32%) 73{30%)

Congestive heart failure 48 20%) 51 (21%) 44 (18%)

Sleep apnoes syndrome 33 (14%) 39(16%) 31{13%)

StrokeS 20 (8%) 21(9%) 16 (7%)
24 antihypertemsive drugs 3t screening* 151 (62%) 158 (65%) 151 (62%)
Unattended automated office blood pressure at baseline, mm Hg

Systolic blood peessure 1532 (88) 1533 (90) 1533{9-0)

Diastolic bood pressure 879(94) 877(97) 871(9.9)
Ambulatory blood pressure monitoring at baseline, mm Hg¥

24 h systolic blood pressure 1377 {133) 1376(152) 137-1(13-6)

24 h diastolic blood pressure 835(87) 825100} 825(91)

Resistant Hypertension

A

Randomisation Re randomsaton
* Part1 Part2 * Part3
155~ Double Sangle-blind Dauble -blind
blind withdrawal
150

—+— Placcbo
»~ Aprocitentan 125 mg
~8- Aprocitentan 25 mg

i blood pressre (mmbg |

— | 704 (96%) completed part 1 of the study
v = = ofthese, 613 (87%) completed part 2

; | ofthese, 577 (94%) completed part 3 of
; | the study

Number of patients
Placcho 244
Aprocitentan 125 mg
Aprocitentan IS mg 2

Sitting diastale blood pressure fmm Hg)

T T T T T T
12 20 8 36 38 40 44 48
» o of patients Time (weeks)
Placsbo 244 224 267 284 284
Aproctentan12Smg 243 23
Aprocitentan 25 mg 243 3 663 673 863 637 474 261 293 73
Figure 2: Sitting systolic and diastolic blood d ded d office blood pressure over time
Blood pressure was measured at trough, before taking the study ent and the stand background antibypertensive therapy. Bars are standard erroc of the

mean. Values are offset from each other for resdability

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

(Schlaich M Lancet 2022)



Resistant Hypertension

Aprocitentan Aprocitentan Placebo

12.5 mg 25 mg The eGFR decreased slightly with aprocitentan in part 1

Eat Y Housrsnied 243 245 24 versus placebo, stabilised in part 2, and decreased further
Patients with at lease 30 (12-3%) 47 (19-2%) 7 . . . . . .

one event @-9%) in the aprocitentan group in part 3 while remaining stable

Oedema or Puid retention 22 (9- (18 4% c H

Hudetenn it s A o G in the placebo group
Anaemia or hesemoditution g (3.7%) 3{1:-2%) 0
Hepatx disorder 0 1{04%) 2
{0-8%}

Part 2: Single-blind 704 . . . . . . . .
Patients with at least 185 (26-3%) Slight increases in N-terminal pro-brain natriuretic peptide
el O o ) (NT-proBNP) and mid-regional pro-atrial natriuretic

Ansernia or haemodiltion 63 (8.9%) peptide (MR-proANP) were observed in part 1 with

U5 s TR aprocitentan, followed by stabilisation during part 2 and
Part 3 Double-blind 310 203 .
witheleawal reversal during part 3

Patients with at least 18 (58%) 15

O event (5:0%)

Oederna or Auid retention 8{26%) 4

(1-3%)

e binaaye Y Conclusion In patients with resistant hypertension,
Mepatic disorder Lk A aprocitentan was well tolerated and superior to placebo in

D B B b it Kot B Fioviens s s lowering blood pressure at week 4 with a sustained effect at

Activities (version 24.1). Safety analyses wore done accordng ta the recornved Wee k 40
treatment group

Table 2: Treatment-emergent adverse svents of special interest (SChIaiCh M Lancet 2022)




Table 1 Baseline charactenstics of included studies

Diabetic Nephropathy

e Patients Interventions Treatment  Agemean Sex,n(%) eGFR [mean (SD) :‘:&T&’:m"ﬁ') “" e <BP, mmig o' Hemoglobin Atc, Study ..
No. (doseld) period (wk) (SD) female mbL/min/1.73 m?] (SD) mean (SD) ’(30) % mean (SD) type
E ink 2648 Atrasentan 0.75mg 53 mo? (follow- L6648 {8.6) 25% 4.0 (13.7) 792 (462-1480) 1365(152)  75.0(99) 78(15) RCT NCT01858532
et all), 2019 up 22 years)
C:64.7 (B7) 2660% 437 (13.7) 805 (444-1451) 1362 (148) 748(10.0) 78(15)
Kohanetaffl, 89 Atrasentan 025 mg, 8 L63(12)67 41%36%  31(4) 24 (6)33(5) 350 (194-1226) 360 (209-726) 134 (14) 137  75(8)74(8) 76(1.0)76(1.2)73 RCT N/A
2011 0.75 mg, 1.75 mg ©)64(13) 2% 433 (157-998) (15)135(11) 75 (9) (11)
C: 61 (8) 17% 34(5) 515 (170-1477) 138 (14) 78 (8) 7.4 (0.9)
Mann et o, 1392 Avosentan 25, 50 mg 48 161.2(88) W8% 299 (6.2) 30.4 (6.5) 1422 (728.9-2425.3) 1472 137.1(138)  779{92)77.5 80(15)8.1(L6) RCT NCT00120328
2010 61.0{91)  328% (758.5.2515) 1370 (143)  (86)
C: 608 (89) 3380% 301 (6.2) 1531 (794.3-2823.9) 1354 (151) 772(95) 8.0 (15)
Rn&ls_a;(m 28 Bosentan 250 mg 4 1: 62 (8) 18.00% 289 (7.4) 415 (681.6) 149 (24) £1 (10) 74(11) RCT NCT01357109
ot aldt" ), 2011
C:63(9)  2080% 315 (4.0) 409 (512.7) 151 (25) 78 (9) 80(1.4)
Wenzel 286 Avosentan 5,10,25, 12 L 60.8 % 30% 313 (7.0) 2250 N/A N/A N/A N/A RCT N/A
ot ™, 2000 and 50 mg, (10.0) 58.4
(10.0)
C:584 13% 305 (3.0) N/A N/A N/A N/A
(10.0)
Zeeuw etalll, 211 Atrasentan 0.75 mg or 12 L650(98) N/A N/A 878 (515-1682) 826 (481- 138 (14) 136 75(10)74(9) 75(15)7.7 (1.4) RCT NCT01356849
2014 125 mg 645 (8.8) 1389) (15) NCT01424319
C:643(9.0) N/A N/A 671 (410-1536) 136 (14) 72 (10) 7.4(13)

(Zhang World Journal of Diabetes 2020 )
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Diabetic Nephropathy

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

Diabetic Nephropathy

ASCEND study

multicenter, multinational, double-blind, placebo controlled trial.
1392 participants with type 2 diabetes
oral avosentan (25 or 50 mg) or placebo during 42 months

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.

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

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

3,523 subjects screened

2121 not randomzed

2083 sceeen fmlure
68 withdrawn

| 402 subyects randomazed

T never recetved treatment

ety | 3 180 fOllOW-t1p
1392 1T population
A%
2
/ | \‘
Avosentan 25 mg/d Avosentan 50 mg'd Placebo (n=459)
(1= 455) (o= 478)
(Mann et al JASN 2010)
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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.

Diabetic Nephropathy :

[ el
e

S EITAATY

------

Figure 2. Kaplan-Meier plot shows time to doubling of serum
creatinine, ESRD, or death in patients who had type 2 diabetes
and diabetic nephropathy and were treated with avosentan 25
ma/d, avosentan 50 mg/d, or placebo {n = 1392). There were no
significant differences among groups. The plots were truncated at
& months because of premature termination of the trial.
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Figure 3. Urine ACR changed significantly (P < 0.0001; see
Table 3) in the avosentan (av)-treated groups during the first 6
months of the trial. Medians and interquartile ranges are given.
Similar differences were found for fractional excretion of urine
albumin (see Supplemental Appendix 2).

(Mann et al JASN 2010)



Diabetic Nephropathy

Table 5. Frequency of adverse events relating to fluid overload as reported by the clinical investigators on adverse event
forms (not adjudicated)

P
Signs of Fluid Overload Avosentan 25 mg Avosentan 50 mg Placebo Avosentan Avosentan
(n[%]) (n = 455) (n = 478) {n = 459) 25 mg versus 50 mg versus
Placebo Placebo
Peripheral edema 78 (17.1) 80 (16.7) 77 (16.7) 0.706 0.822
Other edema 42(9.2) 55 (11.5) 25 (5.4) 0.053 0.006
Fluid overload 28 (6.2) 26 (5.4) 5(1.1) <0.001 0.001
Dyspnea 31(6.8) 34 (7.1) 15(3.3) 0.052 0.197
Acute pulmonary edema 9 (2.0 8(1.7) 4(0.9) 0.286 0.184
CHF 27 (5.9) 18 (3.8) 10 (2.2) 0.003 0.107
Adverse events led to discontinuation of trial medication significantly more Conclusion
often for avosentan than for placebo (19.6 and 18.2 versus 11.5% for Avosentan reduces
placebo), dominated by fluid overload and congestive heart failure; albuminuria when added to
death occurred in standard treatment in people
> 21 (46%), :'\:r:;t;l;ﬂl 25 mg/d ;:\-o:::l;m 50 my/'d Placebo (0= 459) With type 2 diabetes and
> 17 (3.6%;), overt nephropathy but
> 12 (2.6%) induces significant fluid
Prinsary oatcomse 37 Primary oulcome ai Prnmary oulcome 4 .
Death 21 Death 17 Death 12 overload and congestive
COIne / ouloome CV outcome / .
(ru;’m 27 CHF v 29 CHF l 10 heart failure
Fluid overload 24 Fluid overload 219 Flusd overload 141
S s e (Mann et al JASN 2010 )




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).

239 Screencd
T eGFR >20 ml/min and a urinary albumin-to-
1 4rooy tonioed porerson creatinine ratio (UACR) of 100 to 3000 mg/g
[ . : ]0 ar reascns placebo
-—o{ A@d@vwawl sll{dy.rt_\.q“ j Or .
[ESlm:ludod 1|m-r!¢nllouuipnpulauonl atrasentan (0'251 0'75, Or 1'75 mg dally)
e e e ot for 8 weeks
_ | 025mplisy | 075 mordey | 175 mgiday
e crun s e P ’“ . primary efficacy measure was change from
' ' 2 e reasors baseline to each post baseline observation in UACR over the
course of the treatment period.
l 21 completad the study ’ | 20 complesed the study 20 completed the study ’ l 20 compilebad the study ’

(Kohan et al JASN 2011)

“igure 1. Dispaosition of subjects during the study. Subjects may have had more than one reason for discontinuation.



Diabetic Nephropathy

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)

“®° Placebe

e 025 my Atrasentan
—&— 078 mg Alrasentan
-& 178mg A:-uwhn

TITTINY

P=0.001 fw Abmsartan 0 75 15 v plaestss
Pl 011 for Almnertan 175 g v pracshs
T v + v

Percent of Geometric Mean Change
from Baseline in UACR

1 2 3 4 5 6 7 8 30 Days Off
Time, Woeks

=]

Figure 2. Atrasentan treatment significantly reduces albuminuria.
Effect of atrasentan on change in UACR from baseline. Significant
reductions in UACR were seen with the 0.75-mg dose (P = 0.001
versus placebo by repeated measures analysis) and 1.75-mg dose
(P = 0.011 versus placebo by repeated-measures analysis). UACR
retumed toward baseline values after 30 days from drug discon-

tinuation.
o~ 60 1 p=0.029
50%

3 s .
c p=0.179
0O 20207
; S 401 pw0.473 0%
8= 30%
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[
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]
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Placebo Atrasentan Atrasentan Atrasentan
0.25 mg 0.75 mg 1.75mg

Figure 3. Atrasentan treatment significantly increases the per-
centage of subjects achieving = 40% reduction in UACR com-
pared to placebo.

(Kohan et al JASN 2011)



Atrasentan
Placebo

(n = 23) 025mg 0.75mg 175 mg
(n=22) (n=22) (n = 22)

Subjects Experiencing, N (%)

Any adverse event 13 (57%) 16 (73%) 16 (73%) 19 (B&%)"
Any adverse event at least possibly 5 {22%) 8 (36%) 6(27%) 13 (59%)°
refated to study drug
Any severe adverse event 0 1 (5%} 0 1 (5%}
Any senous adverse event 0 1 (5%) 3(14%) 1 (5%)
Any adverse event leading to 0 0 2 (9%) 2 (9%) CO n CI us | on
discontinuation of study drug
Deaths 0 5 0 o Atrasentan, at the doses tested,
Mwe;mmo"'v repoiad advane safe and effective in reducing residual albuminuria
ects” . .
bbil ackad 2 9%) J(4%)  4(18%)  10(46%)" and may ultimately improve renal outcomes
diarrhea 2 (9%) T (5%) 3 (14%) 0 in patients with type 2 diabetic nephropathy.
dizziness 0 3(14%) 2 (9%) 1 (5%}
urinary tract infection 1{4%) 0 2 (9%) 3 (14%)
headache 0 2 (9%) 1(5%) 2 (9%)
cough 1(4%) 1 (5%) 2(9%) 0
hypertension 1(4%) 1 (5%) 1(5%) 1 (5%)
hypoglycemia 0 3(14%) 0 1 (5%)
hypotension 1 {4%) 0 1 {5%) 2 (9%}

*P = 0.047 versus placebo.
BP « D016 versus placebo.

iy g oer maesriaT o (Kohan et al JASN 2011)



Diabetic Nephropathy

Phase |IB clinical trialrandomized, double blind,
parallel-designed, placebo-controlled, 12-week, multicenter
studies (ATRASENTAN)

[eatscmend | 211 patients with type 2 diabetes
o wodmiears urine albumin/creatinine ratios of 300-3500 mg/g
36 ot reesons and
BTl eGFRs of 30—75 ml/min per 1.73 m2

—c{ 1 did not receive study drug ]

[ 231 inchuded in the intant-to-trest population ]

! !

[Sosmocumdpiceto e M Nosatan 3.5 ma/doy placebo (n=50) or to 0.75 mg/d (n=78) or 1.25 mg/d
— P — (n=83) atrasentan for 12 weeks
7 Gwcontinued 3 ubtinpoonast e
1 losto aowsp. | | ool o NP i { devodorntonst | | - : :
s sl The primary efficacy endpoint was the change from
e b e baseline to week UACR.
[ 48 compieted the stuay | 67 completed the study | | 6 completed the study

Figure 1. Consolidated Standards of Reporting Trials diagram. This is a summary of the
disposition of study participants.

(De Zeeuw JASN 2014 )



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

20 3 60 - e

®
Subjects, %

A Albuminuria
% geometric mean
)

o

20
13%

Treatment it

60 |- oI._

R AR S 1A, T
0 14 28 42 5% 70 84 114 230%

LLL]

%

6%

2 40%

%
- |
> 50%

Time, Days UACR Reduction

Figure 2. Atrasentan treatment significantly decreases albuminuria. (A) UACR change
in the percent geometric mean from baseline to recovery for the placebo (@), 0.75 mg/d
atrasentan (W), and 1.25 mg/d atrasentan (A) groups. (B) Degree of UACR reduction
from baseline to final in the placebo (squares), 0.75 mg/d atrasentan (open bars), and

1.25 mg/d atrasentan (filled bars) groups. ***P<0.001.

(De Zeeuw JASN 2014 )



D Triglycerides

Mean, mg/dL

0 8'4 134 : ; 7
Time, Days 0 84 114
Time, Days

Figure 4. Atrasentan treatment exerts lipid-lowering effects. Mean changes in total
cholesterol (A), LDL cholesterol (B), HDL cholesterol (C), and triglycerides (D) after
placebo (@), 0.75 mg/d atrasentan (W), and 1.25 mg/d atrasentan (4) treatment for
12 weeks and after recovery.

24-hour systolic and diastolic BP
LDL cholesteral,
triglyceride levels

decreased significantly in both treatment groups

Diabetic Nephropathy
- ~

24h Blood Pressure (mm Hg)

Tima Navs

After stopping atrasentan for 30 days
measured parameters returned to pretreatment levels

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

(De Zeeuw JASN 2014 )



Diabetic Nephropathy

o

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

= 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 230 days)
or end-stage kidney disease at 42 months

(Heerspink Lancet 2019)



Diabetic Nephropathy

A B
1000 ' 144 7
gou} : i F 1424
30~ — Placebo 800 i o ."li' i E 140 $' "i
."- = Atrasentan B 7004 o’ J ~: 138 4
ﬁ X Hazard ratio 0-65 (95% €10.49-0.88) ? ':t"f'u- ,-", «f 135J
E‘ p-00047 /7,5?__/— g :c":: ¥ 5; 1344
§ 104 # 3004 ] 2 112
é 4 -—’—J::-// 200+ : ;ﬁ o2l
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Number at risk R, ST = : 5 _V_IU 6 12 18 24 30 36 42 lLastvsit 6meck W—’O 6 12 18 24 30 36 42 Lastwisit 6-week
M,:l:::i: ii-\: ;":'_: ]l(lf: ;‘31'; szzi ‘..E-'Z -:)g 1:-’3‘ Ertichment onmedication  follow.up et anmediation follaw.up
tan 1335 25/ 9 i URIE 24 108 perod petiod
B Number of patients
Atrasentan 1321 1320 1166 878 483 148 1304 101 1321 1321 1266 1156 971 759 374 370 173 52 1308 1099
_ 30+ Haardrabo0.61(95% 0043-087) Placebo 1320 1320 181 908 498 157 1301 993 1320 1320 1280 11761005 797 599 375 177 49 1307 101
Z ~0005
z P 55
2 204
i .
; 10 /—"r—/ . . . .
g w e 11 087 patients were screened; 5117 entered the enrichment period,
g 3
= - L] [ ]
ot 5 w3 % 5| 2648 patients were responders and were randomly assigned to the

Placeba 1323 1259 1094 919 692 A74 238 103

Nomen 15 D67 W96 B 6% B s atrasentan group (n=1325)

3y semdmeonsnanssion or placebo group (n=1323)
~_~~| Median follow-up was 2-2 years
C =" | T79(6-0%) of 1325 patients in the atrasentan group and 105 (7-9%) of 1323

Time since randomésation (maonths )

e e e e | 1IN the placebo group had a primary composite renal endpoint event

Atrasentan 1325 1267 1098 B% 694 459 252 108

ot i emenenmemes.(NAzard ratio [HR] 0-65 p=0-0047)

its cc

p s in P . .
Compasite primary renal sutcome (A), doubling of serumn creatinine (B}
and end-stage kidney disease (C) in the intention-to-tréat papolation of

responders. Cakulated by Cax proportional hazard regression madels

(Heerspink Lancet 2019)



Diabetic Nephropathy

Fluid retention and anaemia
adverse events, were more
frequent in the atrasentan group

Atrasentan (n«13231) Placeho (n=1320) p vabue” than
Arry serious adverse event 479 (363%) 430 (32-6%) 0049 in the placebo group
Adverse events leading to discontinuation 137 {104%) 122 (§-2%) 0360
Deaths 58 (4-4%) 52 (3.9%} 0630
Treatment-emergent adverse events of interest cOnclusion
Hypervolaerma or fluid retention 483 (36-6%) 426 (32 3%=) Q.022 . .
Cardiac fadure? 72{55%) 51 (3-9%) a.064 Patlents Wlth
Anaermia 244 (18.5%) 136 (10.3%) <0-0001 type 2 diabetes and CKD
W .
A LEBLISE) NSO Do selected for a substantial UACR
Cardiac toxicity 147 (11.1%) 130 (9 8%) c-310 . ..
Seioiit avarie SVanTs (S 1V i Sithes GIop) reduction and minimal
Acute kidney injury 32(2-4%) 28 (2.1%) 0-696 clinical signs of sodium retention
Preumonia 32{2.4%} 22 (1-7%) o216 .
Congestive cardiac failure 23{1.7%) 15 (11%) 0252 durlng Shor‘_:-term
Acute myocssdisl infarction 21 {1.6%) 21 (1.6%) 10 treatment with atrasentan had
oo hecd Ao ‘:“"‘" 17 “'-’;“’ >0 a significantly lower risk
Anaeria 16 {1-2%) 10 (0-8%) 0325 . . .
SRR IR B R = of doubling of serum creatinine
Urinary tract infection 16 (1.2%) 7 (05%) 0-092 or end-stage kidney
v RN S5y - disease during long-term treatment
Cstarack 16{12%) B (0-6%) 0150 ) ] .
teyperkalaemia 213 (1-0%) 13 (1.0%) 10 with this endothelin
Data ave n (%) “Fuabec's exact 1os2. *Candac fadure events nduded all mvestigatonreported treatment-smergent receptor antagoniSt compared With
e S placebo.
Table 3: Adverse events during double-blind treatment period

(Heerspink Lancet 2019)
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World Journal of
Diabetes

Submit a Manuscript: httg fetes 2020 November 15; 11(11): 553-566
DOIL; 10,4239/ wijd.v11.i11 55 ISSN 1948-9358 (online)

META-ANALYSIS
Endothelin receptor antagonists for the treatment of diabetic
nephropathy: A meta-analysis and systematic review

Li Zhang, Shuai Xue, Jie Hou, Guang Chen, Zhong-Gao Xu

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/mmolL

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

(Zhang World Journal of Diabetes 2020 )



The p
and control groups, respectively)

Table 1 Baseline charactenistics of included studies

Diabetic Nephropathy

resent meta-analysis included a total of 5271 participants (3331 and 1940 in the experimental

. - UAC creatinine DB
Rt Patients Interventions Treatment  Agemean Sex,n(%) eGFR [mean (SD) I;"(g:‘w Qt)or.  SBPmmHg P| g HemogiobinAte, Stdy oo
% i inf1. D
No. (doseld) period (wk) (SD) female mL/min/1.73 m?) (SD) mean (SD) (SD) % mean (SD) type
Heerspink 2648 Atrasentan 075 mg 53 mo? (follow- L 648 {8.6) 25% 44.0(137) 792 (462-1480) 1365(152)  75.0(99) 78(15) RCT NCTO1858532
et all™), 2010 up 22 years)
C:64.7 (R7) 2660% 437 (13.7) 805 (444-1451) 1362 (14.8) 74.8 (10.0) 78(15)
Kohanetafll, g9 Atrasentan 025 mg, 8 LE63(12)67 41%36%  31(4)34(6)33(5) 350 (194-1226) 360 (209-726) 134 (14)137 75(8)74(8) 76(10)76(1.2)73 RCT N/A
2011 0.75 mg, 1.75 mg (9)64(13) 2% 433 (157-998) (15)135(11) 75 (9) (1.1)
C: 61 (8) 17% 345 515 (170-1477) 138 (14) 78 (8) 7.4 (09)
Mannet o], 1392 Avosentan 25, 50 mg 48 L61.2(88) 8% 29.9 (6.2) 30.4(6.5) 1422 (728.9-24253) 1472 137.1(138) 779(92)775 80(135)81(16) RCT NCT00120328
2010 61L0{91)  328% (758.5.2515) 1370 (143)  (86)
C: 608 (89) 3380% 301 (6.2) 1531 (794.3-2823.9) 135.4 (15) 2(95) 80(15)
mﬁ'\g:on 28 Hosentan 250 mg 4 I: 62 (8) 18.00% 28.9(7.4) 415 (681.6) 149 (24) £1 (10) 74(11) RCT NCT01357109
«f al ), 2011
C:63(9)  2080% 315 (4.0) 409 (512.7) 151 (25) 78 (9) 80(1.4)
Wenzel 286 Avosentan 5,10,25, 12 L 60.8 UL 30% 313 (7.0)322(5.0) N/A N/A N/A N/A RCT N/A
et !, 2000 and 50 mg, (10.0) 58.4
(10.0)
C: 584 13% 305 (5.0) N/A N/A N/A N/A
(10.0)
Zeeuw efalll, 211 Atrasentan 0.75 mg or 12 L650(9.8) N/A N/A 878 (515-1682) 826 (481- 138 (14) 136 75(10)74(9) 75(15)7.7 (1.4) RCT NCT01356849
2014 125 mg 615 (8.8) 1389) (15) NCT01424319
C:643 (9.0) N/A N/A 671 (410-1536) 136 (14) 72 (10) 7.4 (13)

(Zhang World Journal

of Diabetes 2020 )



Experimental Control
3 " *) .. WAL OW, A8 -.' Q! LA -.' O\ ALt
Kohan 2011 1264 1335 66 -566 1345 23 41%
Mann 2010 <728 B75 933 -84 1052 450 725%
Rafnsson 2011 -153 4853 28 73 424 28 35%
Wenzel 2009 028 08 229 016 072 57 11.0%
Zeeuw 2014 <3565 4843 161 66 5888 50 B9%
Total (95% Cl) 1417 617 100.0%

Heterogenedty: Chi* = 5.29, df = 4 (P = 0.26); I = 24%
Test for overall effect: Z = 13,23 (P < 0.00001)

B Experimental Control
study or Subgroup (ents 013 ents 19 g
Kohan 2011 26 66 4 23 537%
Zeeuw 2014 64 161 3 50 463%
Total (95% Cl) 227 73 100.0%
Total events 90 7

Heterogeneity: Tau® = 0.35; Chi* = 2.28, df = 1 (P = 0.13); P = 56%
Test for overall effect Z = 2.35 (P = 0.02)

Figure 3 Forest plot of comparisons of the risk ratio between experimental and control groups. A: In terms of the urinary albumin-to-creatinine
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Favours [experimental] Favours [control)

ratio (UACR)/urinary albumin ejection rate changes from baseline; B: In terms of the 40% reduction in UACR. SD: Standard deviation.

Conclusion ER antagonists group showed a significantly
greater reduction in alouminuria and more patients with 40%

reduction in urinary albumin-to-creatinine ratio than

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

A

endothalin receptor antagonist Control Mean Difference Mean Differonce
~Sludy.oc Subgeoun Mean 30 Tatal Meso___ S0 [ I
Hoerspink 2010 24 5,5666 1326 31 55623 1323 304% 0.7040.28, 1.12)
Mann 2010 372 6,59 92 25 687 488 0% A.22[1.68, 040) .
Wonznl 2000 BEX] 1822 20 0 Wy 5 65%  D43[502 508
Zoouw 2014 203 0.55 161 4 85 5 74% 1.03[383, 177 S T -
Total (95% C1) 2640 1089 100.0%  +0.30[41.90,1.14) i
Haterogenedy. Tau® = 1.40; G = 10,63, df = 3 (P = 0.0002); P = 5% At

- 2 0 2 1

Test for overallaffect Z = 0.48 (P = 0,63) Favours (Controt]  Favours [ER antagonist)

Figure 4 Forest plot of comparisons between experimental and control groups. A: n terms of the estimatad glomerular filvaion rate change from
basaline; B: In temms of the ratio of serum creatinine doubing; C: In terms of the onset of end-stage ranal. SD: Standard deviabion.

No significant difference in eGFR change from
baseline between the experimental and control
groups

(P =0.63)

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)

(Zhang World Journal of Diabetes 2020 )



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)



Chronic kidney disease

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%

Dapaglifiozin 20 mg phes Zibotentan 025 mg plus  Zibotentan 1.5 mg plus
placebo (n=177) dapagliflozin 10 mg dapaglifiozin 10 mg
(n=91) (n=179)
Age, years 636(1160) 613(1272) 627{1233)
Sex
Fernsle 5(31%) 28 (31%) S5(31%)
Male 122 (69%) 124 (69%)
Race
White 125 (71%) 56 (62%) 124 (69%)
Black or African Amesican 22 (12%) 7{8%) 17 (9%)

Asian
Other
Weight, kg
BMI, ka/m'
Current nicotine uses
Blood pressure, mm Hyg
Systohic
Diastolic
eGFR, mUUmin per1.73 m
eGFR =60
eGFR 45 to <60
eGFR 30 to <45
eGFR <30
Haemoglobin, g/t
Serum patassiom, memal/L
Median UACR
UACR >1000, mg/a
Type 2 diabetes
Chronic kidney disease cause
Cystic kidney disease
Type 2 diabetes and chronic kidney disease
Ischaen or hypertensive nephropathy
Chronic glomendonephritis
IgA nephropathy
Othes
Uniknown
Othet

26 (15%)
4(2%)
855182
302(54)
25 (14%)

1376117.6)
7949(98)
452{20:7)

32(18%)

62 (35%)
42 (24%)
132.0(167)
460(046)
5770 (279.5-11506)
58 (33%
105 (59%)

18 20%)
10 (11%)
838(165)
%5 6(50)
12 {13%)

1365(178)
796{105)

484 (235)

22(24%)

1317 (165)
464(048)

5267 (2121-1287.0)

32(35%)

26 (15%)
10 (6%)
B59(169)
301(5.0)

22 (12%)

136 4 (16:1)
78.9(94)

474(234)

27 (15%)
61(34%)
46 (26%)
1303{162)
464(052)
566.8 (2356-12027)
55(31%)

104 (58%)

(Heerspink Lancet 2023)



Chronic kidney disease

A
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The effect of zibotentan plus dapagliflozin compared with

dapagliflozin plus placebo in reducing UACR was
consistent across subgroups defined by baseline type 2 : - [ T
diabetes status and eGFR level 1 |

T T
Zibotertan 025 mg phus Zibotentan 15 mg plus Dapagifiozin 10 mg
dapaglifiozin 10 my dapaglifiozin 10 mg plus placeba

Treatment groop

~-m~ Zibotentan 0-25 mg plus dapaglifiazin 10 myg
A -~ Ibotentan 15 mg plus dapaghfiazin 10 mg
1 —&- Dapaglifiozin 10 mg plus placebo

At week 12, the difference in UACR versus dapagliflozin plus B
placebo was (

Last planned dose

—33-7% p<0-0001) for zibotentan 1-5 mg plus dapagliflozin
and

ean change in LACR fom baselne (s

M

—27-0% (90% CI —38-4 to —13-6; e

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

Figure 2: Mean change in UACR

(A) Bar graph of the percentage mean change in UACR from baseline to week 12 in the dapagiiflazin 10 mq phus
placebo, sbotentan 1.5 myg plus dapaglifiozin 10 mq, and zibotentan O 25 mg plus dapaglifiozin 10 mg groups
(B) UACR trajectory owver time in the three treatment groups. Vertical bars indicate the 90% Chs of the mean at
gven timepoints. UACR«urinary alburmnin-to-creatinine ratio

(Heerspink Lancet 2023)



Chronic kidney disease

A 100 ) A ~@- Zbotentan 025 mg plus dapaghfiozn 10 mg Last planned dowe
4 & f .
100 7 — Zibotentan 0 25 mg plus dapagiflonin 10 mg Last planned dose -:’Q: £ é:’o“ﬁ;: ¥t PN‘:!&?%CL:GL" 10mg
74 Zibatentan 1.5 mg phus dapagliflozin 10 mg : a =0~ hpmgeiann 10 mg phs pla
£ = 2094 — Dapagifiazin 10 mg phus placebo B 404
L 19
- < J -
g3 BF 304
a% 159 -5
-~ 7 - t5 5
23 I B .
B f 12
¥ e 104 & ) o
&g ' -
£z = 5
- :
i3 5 o
£ 54 5
3= = 10 4
0 T T T T 1 20 T T T
0 3 b q n 14 o 3 & 9 X 14
Nomberakuisk: y Number at risk
Zbotentan 025 mgphs 91 90 89 B4 L) Bo Tbotentan 025 mgphs 91 24 84 79 76 73
dnp-;l}l::‘mnm]r?gl“'?l.' . % . i : - dapaglifiozin 10 mg (n=31)
S arcprisoud =iy ! 5° wi - = Zibatentan 1S mgphs 177 164 146 148 135 137
g{n=179) \
Dapagifiazin 10 mg s 177 170 168 163 160 157 d"p"gl"’m’m 1ampin=1s9) . ) - ) " .
placebo (n=177) D.]pagu_";nr;‘;g mglp'u-, 177 161 161 14/ 14 17
R {(n=377)

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

Conclusion

Combined treatment with low-dose zibotentan and dapagliflozin
yielded a robust and significant reduction in alouminuria, with an
acceptable safety profile when compared with placebo combined with

dapagliflozin. (Heerspink Lancet 2023)



Table 1. Baseline demographics and characteristics (FAS)

FSGS

sy Irbesartan arsentan, All Dy
Sharache: slicy (n=36) i (n=73)

Age, n (%)

Pediatric, =8 to =18 yr 10 (28) 13(18)

Adult, >18-75 yr 26 (72) 60 (82)
Sex, n (%)

Female 17 (47) 32 (44)

Male 19 (53) 41 (58)
Race, n (%)

Asian 13 5()

Black 7(19) 8(11)

White 26 (72) 57 (78)

Other 2(6) 34
Ethnicity, n (%)

Hispanic/Latino 6(17) 14 (19)

Non-Hispanic/non-Latino 30 (83) 59(81)
Body mass index, kg/mz. mean (SD) 287 (6.4) 284 (6.1)
Immunosuppression at baseline, n (%) 13 (36) 21 (29)
eGFR, ml/min per 1.73 m?, mean (SD) 74.5(44.7) 74.4 (37.3)
UP/C ratio, g/g, median {range) 3.12 (0.9-10.7) 3.61(0.4-18.7)
ACE inhibitor or ARB use before washout, n (%) 32 {89) 59(81)
Use of =1 diuretic/antihypertensive agent, n (%) 20 (56) 40 (55)

Diuretics 9 (25) 26 (38)

Additional antihypertensive treatments 16 (44) 29 {40)

UACR sparsentan vs placebo) at week 8

Reduction From Baseline,* %

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
smemmoes Qreater reductions

{200 mg, 400 mg, 800 mg), EES

e in UP/C than irbesartan-treated patients did

10 1
-20 4
-30
-40

-50

The primary endpoint was a change from baseline

when all doses

(45% versus 19%; P=0.006)

or

the 400 and 800 mg doses
e (47% versus 19%; P=0.01)

-18.5

P=0.006

(Trachtman H JASN 2018 )



FSGS

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

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
Age
Mean —yr
Range —yr
<18 yr— no. (%)
Median time from FSGS diagnosis to informed consent
(IQR) — yr
Male sex — no. (%)
Hispanic or Latino ethnic group — no. (%6)§
Race — no. (%6)T
Asian
Black
White
Other
eGFR — ml/minf1.73 m'}
Median urinary protein-to-creatinine ratio (IQR)§
Blood pressure — mm Hg
Systolic
Diastolic
Serum albumin level — g/liter
Blood potassium level — mmol fiiter
Documented history of nephrotic syndrome — no. (%)
FSGS-associated genetic variants — no.[total no. (36)|

Monogenic variants in podocyte structure or function
proteins®¥

COL4A3-5 variants
High-risk APOL1 variants

Previous use of renin-angiotensin—aldosterone system
inhibitors — no. (%) 11

Use of immunosuppressive agents for renal indications
at baseline — no. (%)%

Use of diuretics at baseline — no. (%)

Moderate or severe edema — no. (%)

Sparsentan
(N=134)

417165
9-74
16 (3.7)
2 (1-6.5)

101 (54.9)
34 (18.5)

23 (12.5)
17 (9.2)
137 (74.5)
10 (5.4)
6332286
3.1(2.3-4.5)

133215
86+11
349474
4.3240.46
55 (29.9)

15/173 (8.7)

12/173 (6.9)
9/173 (5.2)
152 (82.6)

50 (27.2)

68 (37.0)
9 (4.9)

Irbesartan
(N=187)

4154173
9-75
19 (10.2)
3 (1-6)

99 (52.9)
44 (23.5)

28 (15.0)
12 (6.4)
138 (73.8)
13 (7.0)
64.1:31.7
3.0 (2.1-4.7)

131215
82210
349475
431+0.44
62 (33.2)

18/179 (10.1)

15/179 (8.4)
5/179 (2.8)
143 (76.5)

46 (24.6)

73 (39.0)
6(3.2)

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

(Rheault MN NEJM 2023)
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A Partial Remission of Proteinuria at Week 36
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No. at Risk
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100-
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Table 2. The eGFR Slope and Change in eGFR.

Irbesartan
(N=187)

Sparsentan

Vanable (N = 1“)

Least-squares mean eGFR slope (95% Cl)
— ml/min/1.73 m? yr

eGFR total slope®
eGFR chronic slopef

5.4 {-69t0-39)
48 (-6310-33)
-104 (-126t0-8.)

5.7(-72t0-43)
5.7(-12t0-42)

Least-squares mean change in eGFR from baseline -12.1 (-144t0-9.9)

to week 112 (95% CI) — ml/min/1.73 m'}

Difference P Value

03 (-L.7t024) 0.75
[ |

09 (-13t03.0) 042

18(-14t049)

* The eGFR total slope was the slope from day 1 to week 108.
1+ The eGFR chronic slope was the slope from week 6 to week 108.

100+

A
307 Relative risk, 0.87
(959 C1, 0.60-1.26)

25+ Relative risk, 0.68

(95%% C1, 0.43-1.10)

16.6
31187

11.4

20+

is5+

Percentage of Patients

104

Sparsentan Irbesartan
Confirmed =50% Reduction

in eGFR, Kidney Failure,
or Renal Death

Sparsentan Irbesartan
Confi d =40% d
in eGFR, Kidney Failure,
or Death

Relative risk, 0.53
{953 €1, 0.31-1.07)

112
| 2371%7

Sparsentan Irbesartan
Kidney Failure

Figure 2. Composite Kidney End Points.

Conclusion no significant between-group differences in eGFR
slope at 108 weeks, despite a greater reduction in proteinuria

with sparsentan than with irbesartan

(Rheault MN NEJM 2023 )



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 Sparsentan (n=202) Irbesartan (n=202)

Age at informed consent, years 466(12.8) 4541012.1)

400 mg 300 mg
Male 139 {60%) 143 (731%)
3 {318 ) (29%
Race”
= 2 18 ans Asian 67 (33%) 49 (24%)
Black or African American 1(<1%) J(i%)
H White 130 (64%) 142 (70r%)
" Biopsy proven IgAN e s 5958

Fthnicityt

Proteinuria 2 1,0 g/24h

Naot Hispanic oc Latino 185 (92% 186 (92%)

G F R > 30 m I/m i n Age at IgA nepluopathy diagnoses, years$ 40.2(134) 190{12:4)
e -_— Time from initial kidpey biopsy to informed 6416%) 64071

Lonsent, years$

" SBP< 150 mm Hg e pimror - -

= DBP <100 mm Hg s
Urine protein-creatinine ralio, afg 13(0:8-1.8) 312{09-17)

= Despite meximised renin angiotensin system inhibitor for at 1801228

Urine albumin-<reatmine ratia, 9/ 10(0-7-12.5) 1-1{0-7-1.5)

least 12 Weeks e

eGFR category

290 mbl/minper 173 m 26 013%) 25(12%)

w60 to <90 mi/min per 1-73 mv 49 (24%) 48 (24%)

=45 10 <60 mL/min per 173 m 45 (22%) 49 (24%)

Primary efficacy end point of prespecified interim analysis = ot 0l ke Sy
ol of 41-2(3-9) 417{38)

primary proteinuria efficacy end point at 36 Weeks R G R A R T

screeningl|
Basedine concomitant rmedication v
Antihypertemive medicationsT? 88 {44% 83 (41%)

Lipad-lowening medications 112 (55%) 113 (55%)

(Heerspink Lancet 2023)



IgA Nephropathy
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Number of participants
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A v . 5 : o fro
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Figure 4: Change in SBP, change in DBP, and blood pressure by visit in the spassentan and irbesartan

treatment groups

(Heerspink Lancet 2023)



IgA Nephropathy

Sparsentangroup  Irbesartangroup  Betweengroup  pyalue 100+, = kbesartangroup
(n202) (ne202) difference (95%Cl) a} gy

204

Key secondary effcacy endpoints*

Chronic slope from wesk b to week 110, mLmin per 173 m’ peryer

£ w4

tage change
]

27 (-34t0-21)
-29(-36t0-22)

-38 (-4 6t0-31)
39(-46t0-31)

11(01t024) 0037
Total skape from day 1to week 110, mL/min per 1.73 o' per year
Other secondary efficacy endpoint*
Absolute change from baseline to week 110, mb/min per 1.73 '’
Prespecified exploratory endpaint!

Absolute change from baseline to week 114, mlimin per 173 m’

10(-003to194) 0058

58(-74t0-42) -95(-112t0-79) 37(15t060)

<
3
2
g
=
¥
%
k]
¥
2

b1(7710-45)  -90(-107t0-72) 29(05t53)

I

o 4'1 t‘) ]IJ ."4 S‘f: 5‘3 ,"'ﬂ 8'.' QI-I 10‘6 1;0

Diata are heast-squiares mean change (95% O in eGFR unless otherwise stated. eGFRetstimated glomenlar fltration rate. *Assessed in the full analyses set. tAssessed in Number of participants Vi i St g X ook}
\ rbesart: roup 202 1EB 191 186 77 181 10 168 158 155 152 141 133
patients in the fl‘le‘idSﬁW(Omﬂ‘ﬂl‘d ﬁl&ﬁ\)dy treatment. ‘;p.menl; gmg 202 198192 197 194 191 :l/",s 182 182 1;& 1?4 172 156

figure 5: Geometric least-squares mean p age change from baseline in the urine protein-to-creatinine ratio at each visit up to week 110

Table 2: Change in eGFR

2= =& lthesartan groop
—=— Sparsentan group

Conclusion
The totality of data from PROTECT suggests
that sparsentan is an effective and safe

Endof doubile Hind perod

Least-squures mean dunge flombadine in e GFR
mifmin per 1.73 m)

Figure 2: eGFR by visit up to week 114

i treatment for IgA nephropathy
N - H'“} that delivers meaningful clinical benefit
) beyond RAS inhibition alone.

(Rovin B Lancet 2023)



Conclusion

Table 3. Renal effects displayed by selective endothelin receptor antagonists (ERAs) in different randomized controlled trials.

, . . Baseline GFR Intervention/Control/ Kidney Albuminuria/Proteinuria  BP Reduction GFR Difference
N Sty Popalatina Diabakes %) (mL/min/1.73 m?) Follow-Up Endpoints Reduction (ERA-Placebo) (ERA-Placebo) s kesar dbont
—9.9 mmHg in
GFR > 30 mL/min/ Darusentan 50, 100 or S!::)(:_D"fl: 37 Weber, MLA.
173 ms. 153 300 mg/daily siod—2d) ST et
379 Reskitat (40%) 79.0 Pl NR 30.4 mg/g (UACR) ~4.6 mmHg in (95%C: etal. [91]
T 15 ths DBF —6.9--0.5) 2009
ypertension. .5 mon! (95%Cl:
—7.0—-22)
21-80 years. 1 i 1
yours Avomentan 35 0x — : Potential interest in a
Creatinine 2 .‘ 5.1 mmHg in Mann, | FE
o2 123 mg/cL. 00%) 5] g~ degd OCTOBAZ)S  S1P% UA s  SEPATmmHE e i, etal 3]
R %o ac e L.6-1.2 Yo uction * . > Cl: —1.3-1. SOTNT
UACR > 39 mg/ e in DBI ssceomo  broad spectrum of renal
GFR > 20 mL/min/ 82 mmilg in diseases
3 Atrasentan 0.25, 0.75, o - SBP —6.6 mmHg
1.73m". i 27.5% UACR reduction 3 - Kohan, D.E.
89 2 1.25 mg /daily KGR . in DBPNot
89 UACR 2 528 - NR Not significant reduction TR NR etal. [92]
100-3000 {100%:) Placebo p significant
mg/g. with 0.25 mg 7 . 2011
Tyvpe 2 diabetes. 2 months reduction with
ype 025mg
Sitaxsentan
18-70 years. 0 100 mg/daily 0.56 g/day =—5mmHg Dhaun, N.
27 CKD stages 1to4. 0% 54.0 Placebo and nifedipine NR (24-h proteinuria) reduction in SBP NR etal. [93]
Non-diabetic. ©%) 30 mg/daily 336.3 mg/g (UPCR) and DBP 2011 ; )
1.5 months Key therapeutic option
>18 years. . .
sl T 2 : ; Zeeuw,D- to reduce proteinuria level
2 GFR 30 to~ Atrasentan (.75 or 0.5 mmHg in SBE
211 75mL/min/1.73 m". n 193 1.25 mg /daily NR 3015 mg /g (UACR) (95%CL: —5.0-6.0) —0.5 etal. [18]
UACR (100%) S Placebo -~ mg/8 1mmHgin DBP  (95%CL: —5.3-43) R ATSA Rt
300-5000 mg /8. 3 months (959%CLE —2.84.8)
Type 2 diabetes.
18-85 years.
GFR25 to "
75mL/min/1.73m". Abasian
UACR R . . —1.6 mmHg SBP Heerspink
: 0.75 mg/daily HR 0.65 33.6% UACR reduction * \ 0.65 Y .
2648 300-5000 mg /g. 2648 (100%) 439 - o b ikl reduction et etal.[19]
ek Mo emc0s09t  emcminn G Tauthg emcosi Sy, Effect on CKD progression
Responders (30% : . .
decrease in remains uncertain
UACR).
>18 years. Zibotentan 10
Systemic sclerosis. 0 i mg/daily 43 Stern, et al. [24]
1 CKD stages 2 to (0%) s Placebo NR NE NR (95%C1:26-113)  ZEBRA 12022
3a. 6.5 months

* Doubling of serum creatinine, end-stage kidney disease or death. ® Doubling of serum creatinine, end-stage kidney disease or death due to kidney failure. * UACR percentage
reduction compared to place (the reduction observed in the placebo group has been subtracted to the reduction in the active treatment groups). BP: Blood Pressure; SBP: systolic blood
pressure; DBP: Diastolic blood Pressure; CKD: Chronic Kidney Disease; GFR: Glomerular Filtration Rate; UACR: urine albumin-to-creatinine ratio; UPCR: urine protein-to-creatinine
ratio; NR: not reported.



Conclusion

Approved indication
{potential indications
Drug Route Dose based on dinical studies} Contra-indications Halfdife thours)  Bio-availability Metabolism Excretion Adverse effects
Selective ET 4 antagonists
Ambrisentan Oral  5-10mgdaily  PAH Moderate/severe 13.6-165 NR CYP3A4, Biliary Flyid retention (22%], Promisi ng results in
hepatic impairment. CYP3AS, anaemia (7%), liver
pregnancy, IPF CYP2C19 injury {3%)
Atrasentan Oral 075-125mg (DKD, metastatic prostate  NR 24 NR CYP3A4 NR Fluid retention 537%!.
daily cancer [NS]) anaemia (19%) DKD
Avosentan Oral 5-50 mg daily ({DKD) NR 7.5-15 72-81 NR Bifiary Fluid retention {17%),
ure
anaemia {12%)
Darusentan Oral 50-300 mg daily (Resistant hypertension) NR 16-18 NR NR Biliary Fluid retention {27%), HTA
anaemia
Sitaxentan Oral  25-100mg dailly (PAH) NR 8.4 70-100 CYP2CY, Urine (50%-60%) _Fluid retention (9%), iver
CYP3A4 injury {2%), headache .
{15%-26%) IGAN (reduction
Zibotentan Oral  5-15mgdaily  (Metastatic prostate NR 5-23 NR CYP3A4 Urine (35%-77%) Fluid retention {14%-17%), :
amer g CKD —resae i Of @€GFR decline)
Nonselective ETa/ETa antagonists -
Bosentan Oral 625-250mg PAH {ILD [NS].COPD [NS]. Moderate/severe 546 41% CYP2C9, Biliary Liver injury {11%), fluid
twice daily chronic heart hepatic impairment, CYP3A4 retention {10%), anaemia I nte rest Of com bl q] atlo N
failure [NS]) pregnancy {654, drug interactions

sapertirtliion ERA and ISGLT2

CYP2C? and CYP3A4)

Maditentan Oral  10mg daily PAH Moderate/severe 16 (48 for active NR CYP3A4, Urine Fluid retention {22%). - 1ci
hepatic impairment, metabolite) CYP2CS8, anaemia (13%), liver Syne rgISItC effe Ct
pregnancy CYP2C9, injury (3%) _ : H
St Reduction of side
Aprocitentan Oral 5-50 mg daily {Hypertension) NR 47.4-532 NR Not dependent Urine and faeces Hypertension (3%), 1 1
Hypertension) ok dop metemon(aa.  effects (fluid retention)
retention (2%)
Tezosentan v 1-50 mg/h (PAH [NS], acute heart NR 6 min {initial}, 3 h  Not applicable NR NR Headache {32%).
fallure [NS]) {terminal) hypotension (23%)
Dual ET,/AT, antagonist
Sparsentan Oral  200-800 mg daily (FSGS. IgAN) NR NR NR NR NR Headache {19%),
hypotension {12%), fluid
=fetention (12%€)

Abbreviations: AT1, angiotensin Il type 1 receptor; CYP, cytochrome P250 enzymes; DKD, diabetic kidney disease; ET 4, endothelin receptor A; ETy, endothelin receptor B; FSGS, focal segmental
glomerulosderosis; IgAN, IgA nephropathy; IPF, idiopathic pulmonary fibrosis; IV, intravenous: NR, not reported; NS, results from trials showed no significant benefit from endothelin receptor antagonism; liver
injury defined as liver aminotransferases =3 times the upper limit of normal; PAH, pulmonary arterdal hypertension.
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