
CLINICAL RESEARCH www.jasn.org

The Endothelin Antagonist Atrasentan Lowers
Residual Albuminuria in Patients with Type 2
Diabetic Nephropathy

Dick de Zeeuw,* Blai Coll,† Dennis Andress,† John J. Brennan,† Hui Tang,‡ Mark Houser,†

Ricardo Correa-Rotter,§ Donald Kohan,| Hiddo J. Lambers Heerspink,* Hirofumi Makino,¶

Vlado Perkovic,** Yili Pritchett,†† Giuseppe Remuzzi,‡‡ Sheldon W. Tobe,§§ Robert Toto,||

Giancarlo Viberti,¶¶ and Hans-Henrik Parving***

*Department of Clinical Pharmacology, University of Groningen, University Medical Center Groningen, Groningen,
The Netherlands; †Renal Clinical Development and ‡Data and Statistical Sciences, AbbVie, North Chicago, Illinois;
§Salvador Zubiran National Medical Science and Nutrition Institute, Mexico City, Mexico; |Division of Nephrology,
University of Utah Health Sciences Center, Salt Lake City, Utah; ¶Okayama University Graduate School of Medicine,
Okayama, Japan; **George Institute for Global Health, University of Sydney, Sydney, Australia; ††Astellas Global
Pharma Development, Inc., Northbrook, Illinois; ‡‡Azienda Ospedaliera Papa Giovanni XXIII and IRCCS-Instituto
di Ricerche Farmacologiche Mario Negri, Bergamo, Italy; §§Sunnybrook Health Sciences Center, Toronto, Ontario,
Canada; ||University of Texas Southwestern Medical Center, Dallas, Texas; ¶¶Kings’ College London School of
Medicine, London, United Kingdom; and ***Department of Medical Endocrinology, Rigshospitalet University Hospital
of Copenhagen, Copenhagen, Denmark

ABSTRACT
Despite optimal treatment, including renin-angiotensin system (RAS) inhibitors, patients with type 2
diabetic nephropathy have high cardiorenal morbidity and mortality related to residual albuminuria. We
evaluated whether or not atrasentan, a selective endothelin A receptor antagonist, further reduces
albuminuria when administered concomitantly with maximum tolerated labeled doses of RAS inhibitors.
We enrolled 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 in two identically designed, parallel, multinational, double-blind
studies. Participants were randomized to placebo (n=50) or to 0.75 mg/d (n=78) or 1.25 mg/d (n=83)
atrasentan for 12 weeks. Compared with placebo, 0.75 mg and 1.25 mg atrasentan reduced urine albu-
min/creatinine ratios by an average of 35% and 38% (95% confidence intervals of 24 to 45 and 28 to 47,
respectively) and reduced albuminuria$30% in 51% and 55% of participants, respectively. eGFR and
office BP measurements did not change, whereas 24-hour systolic and diastolic BP, LDL cholesterol, and
triglyceride levels decreased significantly in both treatment groups. Use of atrasentan was associated
with a significant increase in weight and a reduction in hemoglobin, but rates of peripheral edema, heart
failure, or other side effects did not differ between groups. However, more patients treated with
1.25mg/d atrasentan discontinued due to adverse events. After stopping atrasentan for 30 days,measured
parameters returned to pretreatment levels. In conclusion, atrasentan reduced albuminuria and improved
BP and lipid spectrum with manageable fluid overload–related adverse events in patients with type 2 di-
abetic nephropathy receiving RAS inhibitors.
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Despite an armamentarium of different intervention strate-
gies, patients with type 2 diabetic nephropathy still have a high
risk for comorbid events, such as cardiovascular and renal
morbidity and mortality. In particular, renin-angiotensin
system (RAS) inhibitors, including angiotensin-converting
enzyme (ACE) inhibitors or angiotensin receptor blockers
(ARBs), have been effective in reducing cardiovascular and
renal risk. However, despite optimal treatment according to
guidelines used for metabolic control, blood pressure control,
and lipidmanagement; patientswith diabetic nephropathy still
have a very high renal and cardiovascular risk.1

RAS inhibitors have renal and cardiovascular protective
properties beyond their BP-lowering capacity, which has been
partly attributed to their albuminuria-lowering effect. Indeed,
several post hoc analyses show that the albuminuria-lowering
effect of RAS inhibitors is related to renal and cardiovascular
protection.2–6 However, the high residual risk in diabetic nephrop-
athy is related to the residual albuminuria in these patients.2

Novel treatment options are needed, especially drugs that
lower residual risk factors without increasing adverse events
(AEs). Selective endothelin A (ETA) receptor antagonists are a
promising class of drugs that have been shown to lower
albuminuria in patients with diabetic nephropathy.7 However,
they also have some potentially limiting side effects, such as
fluid retention, with an increased risk for heart failure in pa-
tients with type 2 diabetes with nephropathy.8 Atrasentan is a
highly selective ETA receptor antagonist that has been shown
to lower albuminuria with renoprotective properties.9

In this study, we tested the efficacy and safety of two low
doses of atrasentan (0.75 and 1.25 mg/d) on albuminuria and
other renal risk–related parameters in pa-
tients with diabetic nephropathy who were
concomitantly treated with stable RAS in-
hibitor therapy, and particularly evaluated
the balance between albuminuria-lowering
effects and fluid retention side effects.

RESULTS

Patient Disposition
Figure 1 shows the disposition of patients.
Of the 831 individuals screened, 212 were
eligible for randomization and 211 re-
ceived the study drug (placebo, n=50;
0.75 mg/d atrasentan, n=78; and 1.25
mg/d atrasentan, n=83). During the
12-week study, 28 participants (13.3%)
discontinued (placebo, n=2; 0.75 mg/d,
n=11; and 1.25 mg/d, n=15). As shown in
Table 1, the most common reason for dis-
continuationwas for AEs in 18 participants
(8.5%). Six patients (8%) receiving 0.75
mg/d atrasentan discontinued due to AEs
(peripheral edema, n=2; fatigue, n=1;

Helicobacter pylori infection, n=1; acute appendicitis, n=1;
and lung hemorrhage, n=1). In addition, 12 patients (15%)
receiving 1.25 mg/d atrasentan discontinued due to AEs,
mostly related to fluid overload (edema, n=6; anemia, n=2).
Other reasons for discontinuation included fatigue (n=2),
hyperkalemia (n=1), hypoglycemia (n=1), coronary artery
stenosis (n=1), and thyroid cancer (n=1). Seven patients
changed their dose or prescription of RAS inhibitors (placebo,
n=2; 0.75 mg/d, n=1; and 1.25 mg/d, n=4) and one patient dis-
continued because of hyperkalemia at the lowest dose of RAS
inhibitors. Overall, 13 patients changed the dose of diuretics
(2 [4%], 4 [5.1%], and 7 [8.4%] participants in the placebo,
0.75 mg/d, and 1.25 mg/d groups, respectively). Edema was
the most common reason for increasing the diuretic dose in
the 1.25 mg/d atrasentan group (n=4), compared with the pla-
cebo group (n=1) and the 0.75 mg/d group (n=1).

Patient Characteristics
The baseline demographics, clinical and biochemical charac-
teristics, and concomitant medications were similar between
the three groups (Table 2).

Primary Endpoint
Repeated-measures analysis showed a significant decrease in
albuminuria for the 0.75 mg/d atrasentan (235.5% average
reduction over 12 weeks) and 1.25 mg/d atrasentan (238.6%
average reduction over 12 weeks) groups compared with the
placebo group. Figure 2A shows the geometric mean change in
the urinary albumin/creatinine ratio (UACR) from baseline to
each postbaseline visit. Patients receiving 0.75mg/d atrasentan

Figure 1. Consolidated Standards of Reporting Trials diagram. This is a summary of the
disposition of study participants.
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had an absolute median UACR of 8786908 mg/g at baseline,
which was reduced to 5736787 mg/g (234.7%) after 2 weeks
of treatment, and remained stable ending at 5216816 mg/g
(235.8%) at 12 weeks (P,0.001 for both). In patients treated
with 1.25 mg/d atrasentan, the UACR decreased from
8266690 mg/g at baseline to 5156472 mg/g (240.7%) at
2 weeks and 4706547 mg/g (243.6%) at week 12 (P,0.001
for both). However, for participants receiving placebo, base-
line UACR was 6716941 mg/g, and it was not significantly
changed over time (Table 3).

At the end of the 30-day follow-up period without study
medication, the median UACRs were 7376912 mg/g,
105161206 mg/g, and 7276821 mg/g for the placebo,
0.75 mg/d, and 1.25 mg/d groups, respectively. The geometric
mean changes from baseline to recovery were 25.3%, +4.3%,
and 27.8% for the placebo, 0.75 mg/d, and 1.25 mg/d groups,
respectively, thus showing thatUACRvalues returned to baseline
values.

Secondary Endpoints
Albuminuria
The geometric mean change from baseline to final UACR was
significantly changed in the 0.75mg/d (236.2%) and 1.25mg/d
(243.9%) groups compared with the placebo group (+2.0%;
P,0.001 for both). In the 0.75 and 1.25 mg/d groups, 51.3%
and 55.1%, respectively, of participants achieved a$30% reduc-
tion inUACR, respectively (P,0.001 versus placebo) (Figure 2B).
The differences were also statistically significantly different

compared with placebo for the proportion of patients that
achieved $40% and $50% reductions in UACR (36.8% and
27.6% for the 0.75 mg/d group versus 42.3% and 34.6% for
1.25 mg/d group, respectively; P,0.001 versus placebo).

The response to atrasentan was tested for the different
baseline parameters. In particular, change from baseline to
final on-treatment UACR was not significantly influenced by
whether baseline UACR was#1000 mg/g (239% and246%)
or.1000mg/g (232% and241%) for the 0.75 and 1.25mg/d
groups, respectively. Similarly, baseline differences in age (,65
versus$65 years), sex, race (white versus nonwhite), or coun-
try (United States versus non–United States) did not signifi-
cantly influence the effect of atrasentan on UACR reduction.

Renal Function
Serum creatinine showed no significant change in any of the
three groups. Baseline eGFR was in the low to normal ranges
(49.3613.3, 47.9614.6, and 50.1613.6 ml/min per 1.73 m2

for the placebo, 0.75 mg/d atrasentan, and 1.25 mg/d atrasentan
arms, respectively). For the 0.75 mg/d atrasentan group, the
placebo-corrected changes in eGFR (in milliliters per minute
per 1.73 m2) were 0.44 at 2 weeks (P=0.35), 20.99 at 6 weeks
(P=0.77), 21.08 at 12 weeks (P=0.79), and 1.16 at recovery
(P=0.22). For the 1.25 mg/d atrasentan group, the placebo-
corrected changes in eGFR (in milliliters per minute per 1.73 m2)
were 20.79 at 2 weeks (P=0.75), 20.93 at 6 weeks (P=0.75),
22.05 at 12 weeks (P=0.94), and 0.63 for recovery (P=0.34)
(Supplemental Figure 1).

Table 1. Summary of incidence of AEs

Adverse Event Placebo (n=50)
Atrasentan

0.75 mg/d (n=78) 1.25 mg/d (n=83)

Any adverse event 34 (68) 55 (71) 61 (74)
Any serious adverse event 4 (8) 7 (9) 6 (7)
Peripheral edema 21 (42) 27 (35) 35 (42)
Facial edema — — 3 (3.6)
Congestive heart failure 1 (2.0) 1 (1.3) —

Weight increase 1 (2.0) — 3 (3.6)
Headache 2 (4.0) 1 (1.3) 5 (6.0)
Nasal congestion and rhinitis 2 (4.0) — 1 (1.2)
Diarrhea and constipation 7 (14) 10 (13) 17 (21)
Deaths — — —

Adverse event leading to discontinuation
of study drug

— 6 (8) 12 (15)

Peripheral edema — 2 (2.6) 4 (4.8)
Facial edema — — 2 (2.4)
Anemia — — 2 (2.4)
Fatigue — 1 (1.3) 2 (2.4)
Hyperkalemia — — 1 (1.2)
H. pylori infection — 1 (1.3) —

Hypoglycemia — — 1 (1.2)
Coronary artery stenosis — — 1 (1.2)
Acute appendicitis — 1 (1.3) —

Lung hemorrhage — 1 (1.3) —

Thyroid cancer — — 1 (1.2)
Data are presented as n (%).
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Safety Results
BP
After an initial reduction, overall office systolic BP (SBP) was not
significantly different from baseline in either atrasentan group
(Figure 3A).However, overall diastolic BP (DBP)was significantly
changed (21.9 mmHg for 0.75 mg/d, P=0.07; and22.7 mmHg
for 1.25 mg/d, P=0.01) compared with placebo.

In contrast, 24-hour ambulatory SBP fell significantly for the
0.75 mg/d (24.5 mmHg, P=0.03) and 1.25mg/d (25.4mmHg,
P=0.01) atrasentan groups (Figure 3B). Similarly, overall 24-hour

DBP was significantly changed in both groups compared with
placebo(24.2 and24.6mmHg for0.75and1.25mg/datrasentan
groups, respectively; P,0.001 for both).

Serum Lipids
Intriguingly, atrasentan lowered mean total cholesterol, LDL
cholesterol, and triglycerides over 12 weeks of treatment
(Figure 4, A, B, and D). Total cholesterol was significantly
lowered by 16.8 and 18.6 mg/dl for the 0.75 and 1.25 mg/d
atrasentan groups, respectively, compared with placebo

Table 2. Demographics and baseline characteristics of the intent-to-treat population

Characteristic Placebo (n=50)
Atrasentan

0.75 mg/d (n=78) 1.25 mg/d (n=83)

Age, yr 64.3 (9.0) 65.0 (9.8) 64.5 (8.8)
Sex, n (%)
Male 40 (80) 63 (81) 57 (69)
Female 10 (20) 15 (19) 26 (31)

Race, n (%)
White 23 (46) 36 (46) 38 (46)
Black 2 (4) 14 (18) 13 (16)
Asian 24 (48) 25 (32) 28 (34)
Other 1 (2) 3 (4) 4 (5)

Ethnicity, n (%)
Hispanic or Latino 30 (60) 36 (46) 42 (51)
Other 20 (40) 42 (54) 41 (49)

Weight, kg 84.3 (20.2) 87.1 (22.1) 88.3 (18.4)
Known duration of diabetes, yr 14.5 (9.5) 15.3 (9.3) 16.9 (9.4)
BP, mmHg
SBP 136 (14) 138 (14) 136 (15)
DBP 72 (10) 75 (10) 74 (9)

Serum albumin, g/L 40.1 (4.2) 40.3 (3.7) 40.5 (3.2)
Serum creatinine, mg/dl 1.50 (0.38) 1.60 (0.44) 1.40 (0.35)
eGFR, ml/min per 1.73 m2 49.3 (13.3) 47.9 (14.6) 50.6 (13.6)
Hemoglobin, g/L 12.7 (1.8) 12.9 (1.5) 12.9 (1.8)
Hemoglobin A1c, % 7.4 (1.3) 7.5 (1.5) 7.7 (1.4)
Cholesterol, mg/dl
Total 182 (48) 172 (42) 172 (39)
LDL 100 (40) 91 (34) 88 (30)
HDL 47 (12) 46 (14) 45 (12)

Triglycerides, mg/dl 165 (83) 182 (129) 193 (112)
Serum potassium, mmol/L 4.62 (0.49) 4.54 (0.53) 4.50 (0.51)
UACR, median (Q1 to Q3), mg/g creatinine 671 (410–1536) 878 (515–1682) 826 (481–1389)
Antihypertensives, n (%)
RAS inhibitors 50 (100) 78 (100) 83 (100)
b-Blockers 16 (32) 31 (40) 38 (46)
Calcium channel blockers 27 (54) 42 (54) 46 (55)

Diuretics, n (%)
Loop diuretics 19 (38) 29 (37) 27 (33)
Thiazides 29 (58) 42 (54) 43 (52)

Glucose-lowering therapies, n (%)
Insulin glargine 12 (24) 25 (32) 23 (28)
Metformin 13 (26) 19 (24) 22 (27)
Sulphonylurea 27 (54) 33 (42) 32 (39)

Statins, n (%) 38 (76) 58 (74) 68 (82)
Coronary artery disease, n (%) 8 (16) 13 (16) 9 (10)
Stroke, n (%) 10 (20) 8 (10) 8 (9)
Data are presented as the mean (SD) unless otherwise noted.
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(P,0.001 for both versus placebo). LDL cholesterol decreased
significantly by 14.6mg/dl for both atrasentan doses compared
with placebo (P,0.001 for both versus placebo). Similarly, 0.75
mg/d atrasentan reduced triglycerides by 30.2 mg/dl (P=0.11),
whereas 1.25 mg/d atrasentan significantly lowered triglycerides
by 47.9 mg/dl (P=0.01) compared with placebo; however, HDL
cholesterol did not change (Figure 4C). Lipid profiles recovered
30 days post-treatment with atrasentan and similar lipid-lowering
effects were observed in patients receiving statins versus those
patients not receiving statins (data not shown).

We testedwhether themultiple effects of
atrasentan on albuminuria, BP, and lipids
could be related to each other. Only aminor
correlation was found between changes in
SBP and changes in albuminuria for the
0.75 mg/d atrasentan group (SBP: r=0.24,
P=0.04; DBP: r=0.05; P=0.66) and the 1.25
mg/d atrasentan group (SBP: r=0.30,
P=0.01; DBP: r=0.24, P=0.03). Similarly,
the correlation between albuminuria
changes and lipid changes were minimal
for the 0.75 mg/d atrasentan group
(r=0.25, P=0.04) and absent for the 1.25
mg/d atrasentan group (r=0.01, P=0.95).

AEs
Overallmean change inbodyweight didnot
change significantly after low-dose (0.75
mg/d) atrasentan treatment (0.4 kg; P=0.14
versus placebo), whereas high dose (1.25
mg/d) atrasentan significantly increased
weight by 0.9 kg (P,0.001) compared
with placebo over 12 weeks (Figure 5). An
initial and significant increase in weight
was observed for both doses of atrasentan
compared with baseline (Figure 5). In pa-
tients receiving 0.75 mg/d atrasentan, the
differences were no longer significant at
week 10, and weight returned to baseline
values at week 12. However, weight did not
return to baseline levels until 30 days post-
treatment for participants receiving 1.25
mg/d atrasentan. Signs of hemodilution
were observed in both atrasentan groups
as indicated by a small but significant decrease
in hemoglobin and hematocrit (Table 3).

At baseline, the prevalence of edemawas
47%, 31%, and 27% for the placebo, 0.75
mg/d, and1.25mg/d groups.After 12weeks
of treatment, the overall rate of new or
worsening edema was comparable for the
placebo (42%), 0.75 mg/d (35%), and 1.25
mg/d (42%) groups and wasmostly mild in
severity. Figure 5, bottom, shows the
weekly incidence of new or worsening

edema during the study. Moreover, the change in the dose of
diuretics was not different between treatment groups during
the study (4%, 5%, and 8% for the placebo, 0.75 mg/d, and
1.25mg/d groups, respectively). Themean durations of edema
were 24.1, 29.5, and 33.8 days for the placebo, 0.75 mg/d, and
1.25 mg/d groups, respectively.

Two patients developed congestive heart failure in the
placebo and 0.75 mg/d groups (n=1 each) (Table 1). The par-
ticipant in the placebo group was diagnosed at week 12 with a
previous event of edema at week 6, and the patient receiving

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 (▪), and 1.25 mg/d atrasentan (▲) 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.

Figure 3. Atrasentan treatment modulates office and 24-hour ambulatory blood
pressure. Mean office SBP/DBP over 12 weeks and after recovery (A) and mean 24-hour
ambulatory SBP/DBP over 6 and 10 weeks (B) for the placebo (circles), 0.75mg/d atrasentan
(squares), and 1.25 mg/d atrasentan (triangles) groups. Overall P values are as follows: 0.63
and 0.23 for 0.75 and 1.25 mg/d atrasentan, respectively, for SBP; 0.07 and 0.01 for
0.75 and 1.25 mg/d atrasentan, respectively, for DBP; 0.03 and 0.01 for 0.75 and 1.25 mg/d
atrasentan, respectively, for 24-hour SBP; and ,0.001 for 0.75 and 1.25 mg/d atrasentan,
respectively, for 24-hour DBP.
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0.75 mg/d atrasentan was diagnosed after
an appendectomy at week 9 (Table 1). In
addition, brain natriuretic peptide levels
did not change significantly over 12 weeks
in the 0.75 mg/d (+1.069.2 pg/ml) and
1.25mg/d (+18.869.0 pg/ml) groups com-
pared with the placebo group (+29.5611.5
pg/ml). Table 1 shows a summary of AEs
and AEs leading to discontinuation. Al-
though it was not statistically significant, a
higher number of patients (n=8) discontin-
ued the study due to fluid retention–related
events (edema, facial edema, and anemia)
after treatment with the highest dose of
atrasentan (1.25 mg/d) compared with the
0.75 mg/d dose (n=2) or placebo (n=0).

DISCUSSION

The low dose (0.75 mg/d) of the ETA
receptor antagonist, atrasentan, lowered
albuminuria by 36% without major side
effects in patients with type 2 diabetes with
nephropathy who were treated with the
maximal tolerated labeled dose of ACE
inhibitors or ARBs. Moreover, atrasentan
had a mild BP-lowering effect and signifi-
cantly improved lipid profiles. Conversely,
the higher dose of atrasentan (1.25 mg/d)
had a similar albuminuria-lowering effect
but elicited more fluid retention.

Endothelin receptor antagonists have
been available since the early 1990s. Many preclinical studies
with animalmodels have suggested that selective blockade of
the ETA receptor is associated with renal protection when
used in addition to independent proven therapies, such as
RAS interventions.9 Although the mechanism of their re-
noprotective effect is still debated, three important path-
ways have clearly emerged. First, ETA receptor blockade
has vascular effects, which causes glomerular vasodilation.
This alters the glomerular permeability for albumin, thus
lowering the tubular load of albumin.9 Both the hemody-
namic and albuminuria-lowering effects of atrasentan have
been associated with renal protection. Second, endothelin
has been associated with (renal) inflammation, and, thus,
ETA receptor blockade reduces renal inflammation by miti-
gating the inflammatory effects of albuminuria reabsorp-
tion and degradation in the proximal tubule and interstitium.10

Third, the endothelin system has been implicated in the depo-
sition of collagen and fibrosis,11 and, thus, ETA receptor antag-
onists may be beneficial for reducing fibrosis in the kidney.7

This study was not designed to explore the mechanism by
which atrasentan lowers albuminuria. In addition, the current
data did not resolve the question of whether the BP-lowering

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 (▪), and 1.25 mg/d atrasentan (▲) treatment for
12 weeks and after recovery.

Figure 5. Atrasentan treatment affects bodyweight.Mean changes in
weight and new incidence of edema after placebo (●), 0.75 mg/d
atrasentan treatment (▪), and 1.25 mg/d atrasentan treatment (▲)
and after recovery.
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effect of atrasentan is associated with a renal hemodynamic
effect that controls albuminuria. This study also did not resolve
the question of whether the albuminuria-lowering effect is
linked to improvement of the lipid profile.

One may wonder why endothelin antagonists have not yet
emerged in clinical practice, despite their clear, preclinical

renoprotective profile. The clinical effects of endothelin
antagonists are similar to the preclinical: systemic and renal
vasodilation and albuminuria-lowering effects. However, ob-
servations from clinical studies indicate that these compounds
also elicit volume-related side effects. This was particularly
evident with the highest dose of avosentan, another ETA

Table 3. Changes in main physical and biochemical parameters induced by placebo or atrasentan at different time points

Variable Time (wk)
Placebo

Atrasentan

0.75 mg/d 1.25 mg/d

n Mean (SD) or Median n Mean (SD) or Median n Mean (SD) or Median

UACR, mg/g Baseline 50 671 78 878 83 826
2 48 696 75 573 82 515
6 48 686 74 636 75 461

12 48 797 70 521 69 470
Recovery 45 737 68 1051 71 727

SBP, mmHg Baseline 50 136 (14) 78 138 (14) 83 136 (15)
2 48 134 (16) 77 135 (16) 82 132 (16)
6 48 137 (12) 74 137 (17) 75 133 (17)

12 48 134 (16) 70 136 (15) 69 133 (18)
Recovery 44 134 (13) 61 141 (19) 70 135 (16)

DBP, mmHg Baseline 50 72 (10) 78 75 (10) 83 74 (9)
2 48 71 (9) 77 71 (11) 82 69 (10)
6 48 71 (10) 74 70 (11) 75 69 (9)

12 48 71 (10) 70 72 (9) 69 72 (12)
Recovery 44 71 (10) 61 75 (11) 70 73 (11)

24-h SBP, mmHg Baseline 38 140 (14) 63 142 (15) 66 140 (14)
6 20 137 (14) 33 137 (16) 29 134 (16)

10 32 139 (16) 39 134 (15) 37 134 (15)
24-h DBP, mmHg Baseline 38 74 (9) 63 76 (9) 66 73 (8)

6 20 72 (8) 33 70 (8) 29 69 (8)
10 32 73 (8) 39 71 (9) 37 69 (9)

LDL cholesterol, mg/dl Baseline 49 101 (39) 75 88 (34) 77 87 (30)
12 46 102 (38) 63 77 (30) 64 74 (26)

Recovery 44 98 (39) 68 89 (36) 67 84 (31)
eGFR, ml/min per 1.73 m2 Baseline 50 49 (13) 78 48 (15) 83 51 (14)

2 48 48 (14) 74 47 (15) 83 49 (14)
6 48 48 (15) 74 46 (15) 74 49 (15)

12 48 48 (14) 68 47 (16) 69 48 (15)
Recovery 47 45 (13) 74 45 (17) 77 47 (14)

HbA1C, % Baseline 50 7.4 (1.3) 78 7.5 (1.5) 83 7.7 (1.4)
12 48 7.3 (1.2) 69 7.1 (1.4) 75 7.2 (1.3)

Hemoglobin, mg/dl Baseline 50 12.7 (1.8) 78 12.9 (1.5) 83 12.9 (1.8)
2 47 12.5 (1.9) 74 12.0 (1.5) 80 11.8 (1.8)
6 48 12.6 (1.9) 72 11.9 (1.7) 73 11.6 (1.7)

12 47 12.6 (2.1) 69 11.8 (1.6) 68 11.8 (1.8)
Recovery 26 12.3 (1.9) 39 12.4 (1.5) 47 12.5 (1.9)

Hematocrit, % Baseline 50 38.1 (5.4) 78 38.7 (4.4) 83 38.6 (5.3)
2 47 37.5 (5.8) 74 36.1 (4.6) 80 35.4 (5.2)
6 48 37.8 (5.5) 72 35.6 (5.0) 73 35.1 (5.2)

12 47 37.9 (6.3) 69 35.6 (4.8) 68 35.6 (5.5)
Recovery 26 37.0 (6.2) 39 37.2 (4.5) 47 37.9 (5.7)

Weight, kg Baseline 50 84.3 (20.2) 78 87.1 (22.1) 83 88.3 (18.4)
2 48 83.2 (19.6) 77 88.0 (22.2) 82 89.4 (18.7)
6 48 83.3 (19.6) 74 87.3 (21.8) 75 89.6 (19.0)

12 48 82.8 (18.6) 70 87.3 (22.3) 69 89.0 (19.2)
Recovery 44 83 (20) 61 85 (23) 70 88 (19)
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antagonist, during a largemultidose phase IIa study in patients
with diabetes.12 Despite this finding, a hard renal outcome
study was started with high doses of avosentan, which was
prematurely terminated because of a 3-fold increase in heart
failure compared with placebo.8 This unfortunate outcome
nearly ended the future of endothelin antagonists in the renal
arena. Besides the side effect of fluid retention, some endothelin
receptor antagonists (especially thosewith a sulfonamide group)
have been linked to an increased risk of liver toxicity.13,14 Taken
together, these studies show that endothelin antagonists have a
narrow therapeutic window, and working within this window
may be the key to success.

An important observation thatwas drawn frompast clinical
studies is that the dose response associated with fluid retention
is different from the dose for albuminuria-lowering. One
possibility is that fluid retention is driven by the endothelin B
receptor blocking capacity of the drugs, although there are also
reports of sodiumretention inducedbyETAreceptor blockade.
Even though most clinical endothelin receptor blockers are
developed with high ETA receptor selectivity, high doses of
such drugs could still block the endothelin B receptor. If so,
lower doses of highly selective endothelin receptor antagonists
could be the way forward for effective clinical use of this drug
class, and atrasentan is an example of such a selective receptor
blocker.15 Recent dose response studies by Kohan et al. showed
that atrasentan has a remarkable capacity to lower albumin-
uria when used in addition to ACE inhibitor/ARB therapy
without overt signs of fluid retention at lower doses.16 How-
ever, the sample size of the study was too small to draw any
final conclusion, which prompted this study. Indeed, we con-
firm the very effective albuminuria-lowering capacity of the
two atrasentan doses that were tested, and, importantly,
atrasentan did not cause a higher incidence of heart failure.
However, both atrasentan doses were associated with signs
and/or symptoms of fluid overload. The highest dose (1.25
mg/d) promoted weight gain; thus, an optimal dose is critical
to achieve the maximal albuminuria-lowering effect with
minimal fluid retention. In addition, 12 patients receiving
1.25 mg/d atrasentan (15%) discontinued use due to AEs,
more than half of which were related to fluid retention (8
patients had either edema or anemia). Compared with placebo
(none), more patients receiving 0.75 mg/d atrasentan discon-
tinued (n=6, 8%), but only two patients discontinued due to
edema and the other causes were not likely linked to fluid
overload–related events. Even though weight increased in
participants receiving 0.75 mg/d atrasentan in the first weeks
of the study, it returned to baseline values by week 10,
without a significant increase in the use of diuretics (n=4,
5.1%) compared with placebo (n=2, 4%). Lower doses of
atrasentan have been tested for efficacy and safety,16 and al-
though the 0.25mg/d dose was well tolerated, it showed aweak
albuminuria-lowering effect. In another phase IIb study,17

0.5 mg/d atrasentan did not significantly reduce albuminuria
compared with placebo (ClinicalTrials.gov identifier
NCT01399580). Taken together, 0.75 mg/d atrasentan per

day has demonstrated the best efficacy (albuminuria-lowering)
and safety (AE profile) effect thus far. For this reason, the 0.75
mg/d dose has been selected for future studies.

Intriguingly, atrasentan also improved lipid profiles (total
and LDL cholesterol). This study did not explore potential
mechanismsmediating the lipid-lowering effects of atrasentan,
which could be an indirect effect of the albuminuria-lowering
effect of atrasentan. Similar effects have been observed with
drugs that intervene in the RAS, which significantly reduce
proteinuria.18

In this study, the efficacy of atrasentan was independent of
thebaseline characteristics of thepatients; inparticular, neither
baseline levels of albuminuria, nor age, sex, or geographic
location determined the albuminuria-lowering response. This
study was not powered to detect differences between partici-
pating countries (e.g., Japan versus theUnited States andCanada);
however, when both studies were analyzed separately, we did not
find differences in key variables, such as albuminuria reduction or
increase in weight (data not shown). In contrast, sitaxentan (an-
other endothelin receptor blocker) exerted a greater albuminuria-
lowering effect in patients with high baseline albuminuria.19

However, whether this is due to differences in the two drugs or
due to the relatively small sample size of the sitaxentan study
remains unclear.

It is noteworthy that this study was designed to address the
effects of atrasentan in a patient population with the highest
unmet medical need. The enrolled patients had CKD stages 2
and3, all hadmacroalbuminuria andwere receivingmaximum
tolerated labeled doses of RAS inhibitors, and most of them
received diuretics. Despite these characteristics, albuminuria
reduction was clinically highly relevant. Another strength of
thedesignof this study is that blood/urinewas collected 30days
after stopping therapy, and we observed that a majority of
efficacy and safety variables returned to baseline, indicating the
hemodynamic nature of the drug response.

What are the chances that 0.75 mg/d atrasentan per day
will be renoprotective and delay hard endpoints? First, the
albuminuria-lowering response, both average as well as
proportion of responders, is exceptionally strong; thus far,
there are no published reports of a drug added to RAS
inhibitors that shows such a strong albuminuria-lowering
effect. Second, the drug does not cause side effects, such as
hyperkalemia or hypotension, that have eliminated dual
RAS blockers. Third, it is unlikely that 0.75 mg/d atrasentan
per day will cause major cardiovascular problems, as
observed in the study to Assess the Effect of the Endothelin
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) clinical trial.8 Finally, the BP- and
lipid-lowering effects of the drug may help reduce vascular
events. In that regard, a phase III clinical trial (Study of Diabetic
Nephropathy with Atrasentan [SONAR]; ClinicalTrials.gov
identifier NCT01858532) has just begun and will shed further
light on the renal effects of atrasentan.20
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In conclusion, 0.75 mg atrasentan per day markedly lowers
albuminuria in patients with type 2 diabetes with nephropathy
with manageable fluid overload–related side effects. This pro-
file, combined with the lipid- and BP-lowering effects, appears
to make this drug an interesting candidate for clinical devel-
opment to reduce the unmet need in diabetic renal disease
progression.

CONCISE METHODS

Study Design
Data from two identically designed phase IIb, randomized, double-

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

studies were pooled for analysis. Both studies were identical in patient

population, doses of atrasentan, and study procedures, but were

conducted in different geographic regions (ClinicalTrials.gov iden-

tifiers NCT01356849 for study 1 and NCT01424319 for study 2). The

efficacy and safety of two doses of atrasentan were evaluated based on

the reduction of albuminuria in patients with type 2 diabetes and

nephropathy who were simultaneously receiving the maximum

tolerated labeled daily dose of a RAS inhibitor, 90% of whomwere also

receiving a diuretic. Patients were enrolled from 93 sites in the United

States, Canada, Taiwan (study 1), and Japan (study 2). After screening,

there was a run-in period of 4–12 weeks (4 weeks for patients already

receiving the maximum tolerated labeled dose of RAS inhibitors and a

diuretic; otherwise, participants were titrated up to the maximum

tolerated labeled dose for 4–12 weeks). Eligible patients then

entered a 12-week treatment period with a follow-up visit 4 weeks

after discontinuation of the study drug. Individual demographics and

baseline characteristics results for study 1 (NCT01356849) and study 2

(NCT01424319) are shown in Supplemental Tables 1 and 2, respec-

tively. The study protocol was approved by an independent ethics

committee and local and central review boards, and all participants

signed written informed consent before any study-specific procedures

commenced.

Eligibility Criteria and Recruitment
At screening, eligible participants had type 2 diabetes with nephrop-

athy, were receiving hypoglycemic medication and a RAS inhibitor

within the previous 12months, and had aUACR$300 and#3500mg/g

calculated from two first morning void (FMV) urine samples, eGFR of

30–75 ml/min per 1.73 m2 by Chronic Kidney Disease Epidemiology

Collaboration formula, brain natriuretic peptide concentration,200

pg/ml, hemoglobin.9 g/dl, and serum albumin.3 g/dl. At the end of

the run-in period, participants were eligible if their SBP was stable

(110–160mmHg), serum potassiumwas,5.5 mEq/L, and UACRwas

.200 mg/g. Women were nonpregnant and postmenopausal for at

least 1 year or were surgically sterile. Participants were excluded from

the trial based the following criteria: a history of moderate or severe

edema, pulmonary edema, pulmonary hypertension, heart failure, re-

ceiving loop diuretic therapy (.120 mg/d furosemide, .3 mg/d

bumetanide, .150 mg/d ethacrynic acid, or .60 mg/d torasemide),

and recent coronary artery disease. Full inclusion and exclusion

criteria are provided in the Supplemental Methods.

Randomization and Blinding
Participants were asked to return three consecutive FMV urine

samples during the last run-in week and only those that met all of the

inclusion criteria and none of the exclusion criteriawere randomized.

For study 1, participants were randomized using an interactive voice

response system with two stratification factors: country where the

participant was enrolled and the participant’s UACR level at week 1

(#1000mg/g [113mg/mmol], or.1000mg/g [113 mg/mmol]). For

study 2, participants were randomized using a Central Case Registra-

tion and Randomization Center using UACR level at week 1 (#1000

mg/g [113 mg/mmol], or .1000 mg/g [113 mg/mmol]) as a

stratification factor. Participants were assigned to placebo, 0.75

mg/d atrasentan, or 1.25 mg/d atrasentan packaged identically in a

1:2:2 ratio in study 1 or in a 1:1:1 ratio in study 2. The study investi-

gator, participant, and sponsor remained blinded to the participant’s

treatment group assignment and UACR results for the duration of the

study. Participants were allowed to modify the dose of RAS inhibitors

or diuretics during the study only if medically necessary.

Procedures
Study visits were scheduled for week 1 and week 2 and occurred every

other week thereafter. Physical examination, including measurement

of BP and weight, and assessment of edema were performed at every

visit. Full details on assessment of edema are provided in Supplemen-

talMethods. Supplemental Tables 3 and 4 show individual summaries

of adverse events for study 1 (NCT01356849) and study 2

(NCT01424319), respectively. Three FMVs were collected at each

visit, with the exception of week 1. In addition, 24-hour ambulatory

BP measurements were performed three times during the study: at

baseline and at weeks 6 and 10. Blood samples were collected under

fasting conditions at baseline, week 12 (or premature discontinua-

tion), and at the 30-day follow-up visit.

Outcomes
The primary efficacy endpoint was the change from baseline to week

12 in log-transformed UACR. Secondary efficacy measures included

the change from baseline to final on-treatment log-transformed

UACR, the proportion of participants who achieved at least a 30%,

40%, and 50% reduction from baseline to final on-treatment UACR

level, and themean change in eGFR frombaseline to each postbaseline

measurement (up to week 12). The same endpoints were used to

evaluate participants at 30 days after stopping treatment.

Statistical Analyses
The planned sample size was 30 for the placebo group and 60 for each

atrasentan dose group for study 1 and 18 per group for study 2. This

sample sizewouldhaveprovided at least 85%power todetect, at a one-

sided level of significance of 0.05, a treatment group difference of

0.44 in the change frombaseline toweek 12 in log-transformedUACR

between each dose group and placebo (assuming a SD of 0.67) for

study 1, and at least 80% power to detect the overall treatment group

difference in log-transformed UACR change from baseline over 12

weeks of treatment between each dose group and placebo with two-

sided significance level of 0.05 for study 2. All efficacy and safety

analyses were conducted on the data obtained from the intent-to-treat
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population, which consisted of data from all randomized participants

who received at least one dose of study drug. Analyses were based on

comparisons between placebo and atrasentan groups as assigned by

randomization, regardless of whether participants followed

through the protocol or were fully compliant with the protocol

procedures. The primary analysis was a mixed-effects model

repeated-measures analysis of change from baseline to each post-

baseline measurement of log UACR. The model included the fixed

effects of treatment, country (study 1 only), visit, and treatment-by-

visit interaction, with covariates of baseline measurements and

baseline-by-visit interaction. The contrasts between each atrasentan

dose group and the placebo group at week 12 were compared using a

one-sided significance level of 0.05; treatment differences at other

time points were also analyzed. The within-group geometric mean

change (%) is derived by 1003(exp(LS mean change)21), and the

same transformation is applied on the 95% confidence interval

limits to obtain an approximate 95% confidence interval for the

geometric mean change (%). The secondary efficacy analysis of

change from baseline to final on-treatment log UACR was deter-

mined by an analysis of covariance model with treatment and coun-

try (study 1 only) as the main effects and baseline measurement as

the covariate. Similar statistical models were used to assess treat-

ment group differences in other efficacy and safety variables, such

as eGFR, serum creatinine, SBP, DBP, weight, hemoglobin, and

lipids (cholesterol, LDL cholesterol, HDL cholesterol, and triglyc-

erides). Treatment group differences in the proportion of partici-

pants that achieved at least a 30%, 40%, or 50% reduction from

baseline to final on-treatment UACR was analyzed by the Fisher’s

exact test. Concomitant medications including RAS inhibitors, di-

uretics, b-blockers, calcium channel blockers, glucose-lowering

drugs, and lipid-modifying drugs were summarized by treatment

groups.
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