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The Effect of Atrasentan on Kidney and Heart Failure
Outcomes by Baseline Albuminuria and Kidney
Function
A Post Hoc Analysis of the SONAR Randomized Trial

Simke W. Waijer ,1 Ron T. Gansevoort,2 George L. Bakris,3 Ricardo Correa-Rotter,4 Fan-Fan Hou,5

Donald E. Kohan,6 Dalane W. Kitzman,7 Hirofumi Makino,8 John J.V. McMurray,9 Vlado Perkovic,10 Sheldon Tobe,11

Hans-Henrik Parving,12,13 Dick de Zeeuw,1 and Hiddo J.L. Heerspink1,10

Abstract
Background and objectivesAtrasentan reduces the risk of kidney failure but increases the risk of edema and,
possibly, heart failure. Patients with severe CKDmay obtain greater absolute kidney benefits from atrasentan but
may also be at higher risk of heart failure. We assessed relative and absolute effects of atrasentan on kidney and
heart failure events according to baseline eGFR and urinary albumin-creatinine ratio (UACR) in a post hoc
analysis of the Study of Diabetic Nephropathy with Atrasentan (SONAR) trial.

Design, setting, participants, & measurements The effect of atrasentan versus placebo in 3668 patients with
type 2 diabetes and CKD with elevated albuminuria was examined in the SONAR trial. We used Cox
proportional hazards regression analysis to study effects on the primary kidney outcome (composite of
doubling of serum creatinine, kidney failure, or kidney death) and heart failure hospitalization across
subgroups of eGFR (,30, $30–45, and $45 ml/min per 1.73 m2) and UACR (,1000, $1000–3000, and
$3000 mg/g).

Results Atrasentan reduced the relative risk of the primary kidney outcome (hazard ratio, 0.71; 95% confidence
interval, 0.58 to 0.88) consistently across all subgroups of baseline eGFR and UACR (all P interaction.0.21).
Patients in the highest UACR and lowest eGFR subgroups, in whom rates of the primary kidney outcome were
highest, showed the largest absolute benefit (all P interaction,0.01). The risk of heart failure hospitalization was
higher in the atrasentan group (hazard ratio, 1.39; 95% confidence interval, 0.97 to 1.99) and was consistent across
subgroups, with no evidence that relative or absolute risks differed across eGFR or UACR subgroups (all P
interaction.0.09).

Conclusions Atrasentan reduced the relative risk of the primary kidney outcome consistently across baseline
UACR and eGFR subgroups. The absolute risk reduction was greater among patients in the lowest eGFR and
highest albuminuria category who were at highest baseline risk. Conversely, the relative and absolute risks of
heart failure hospitalization were similar across baseline UACR and eGFR subgroups.

Clinical Trial registry name and registration number: Study of Diabetic Nephropathy with Atrasentan
(SONAR), NCT01858532

CJASN 16: 1824–1832, 2021. doi: https://doi.org/10.2215/CJN.07340521

Introduction
Inhibitors of the renin-angiotensin-aldosterone system
confer kidney protection in patients with CKD with
and without diabetes (1–3). Prior studies have shown
that the benefits of these drugs are consistent regard-
less of the eGFR level, and some studies suggested
that their benefits may be greater in patients with
higher levels of albuminuria (4,5).

Atrasentan, an endothelin receptor antagonist (ERA),
decreased albuminuria and reduced the risk of kidney
failure in the Study of Diabetic Nephropathy with

Atrasentan (SONAR) trial (6). However, ERAs, includ-
ing atrasentan, may cause fluid retention that may lead
to edema and higher risk of heart failure (7). Despite
incorporation of precautionary measures in the design
of the SONAR trial, the proportion of patients with
adverse events related to fluid retention was higher in
the atrasentan group compared with the placebo group
(6).
Higher albuminuria and lower eGFR are well-

known to be associated with kidney failure, and they
are the basis of the Kidney Disease Improving Global
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Outcomes classification system (8). As kidney function
declines, the capacity of the kidney to regulate sodium and
fluid decreases. Accordingly, the incidence of heart failure
is higher in patients with more severe kidney damage (9).
Because albuminuria and eGFR are strongly associated
with kidney failure, patients with more severe kidney dis-
ease (i.e., those with higher albuminuria and lower eGFR
values) might obtain a greater absolute kidney benefit from
albuminuria-lowering drugs, such as ERAs. Whether the
relative and absolute risks of heart failure due to ERA ther-
apy are more pronounced in patients with more severe kid-
ney disease is unknown.
Patients with type 2 diabetes and stages 2–4 CKD

(eGFR between 25 and 75 ml/min per 1.73 m2) with
greatly increased albuminuria (urinary albumin-creatinine
ratio [UACR] between 300 and 5000 mg/g) were enrolled
in the SONAR trial. In this population at risk for kidney
and heart failure events, we assessed the relative and
absolute effects of atrasentan on kidney and heart failure
outcomes according to subgroups of baseline albuminuria
and eGFR.

Materials and Methods
Patients and Study Design
We performed a post hoc analysis of the SONAR trial.

SONAR was a double-blind, placebo-controlled, random-
ized clinical trial that evaluated the effect of atrasentan on
kidney outcomes in patients with type 2 diabetes and CKD.
The design and results have been published previously
(6,10,11). The SONAR trial included patients with type 2
diabetes with ages ranging between 18 and 85 years, eGFR
between 25 and 75 ml/min per 1.73 m2, and UACR
between 300 and 5000 mg/g who were receiving a maxi-
mally tolerated dose of an ACE inhibitor or angiotensin
receptor blocker. Patients with B-type natriuretic peptide
(BNP) levels .200 pg/ml were excluded.
In the enrichment phase of the SONAR trial, 5117

patients from 689 sites in 41 countries were enrolled. Dur-
ing this 6-week open-label period, all patients received a
daily dose of 0.75 mg of atrasentan. The goal of the enrich-
ment period was to select patients who responded to atra-
sentan and to exclude patients who developed adverse
effects. Patients who had a weight gain of .3 kg or had a
BNP of $300 pg/ml during enrichment had to discontinue
participating in the trial. Responders were defined as
patients with at least a 30% reduction in UACR, and non-
responders were defined as patients with ,30% reduction
in UACR. Of the 5117 patients entering the enrichment
phase, 3668 patients continued into the double-blind
period, of whom 2648 were responders and 1020 were non-
responders. In the double-blind period, patients either
continued with 0.75 mg of atrasentan per day or were tran-
sitioned to placebo (1:1). Because the effects of atrasentan
on the primary outcome did not differ between the
responder and nonresponder strata, we combined the two
strata for the purpose of this analysis (6).
The SONAR trial is registered at clinicaltrials.gov; its pro-

tocol was approved by local or central ethics committees for
each trial site and was conducted in accordance with the
Declaration of Helsinki (version amended October 2000).

Urinary Albumin-Creatinine Ratio and Estimated
Glomerular Filtration Rate Measurements and Categories
eGFR was calculated from the serum creatinine measure-

ments using the Chronic Kidney Disease Epidemiology
Collaboration equation (12). The population was stratified
on the basis of eGFR, and UACR was measured at baseline
before the start of the enrichment period. eGFR was catego-
rized using the following thresholds: $45, $30–45, and
,30 ml/min per 1.73 m2. UACR categories were defined as
,1000, $1000 to,3000, and $3000 mg/g.

Outcomes
The primary kidney outcome was a composite consisting

of doubling of serum creatinine confirmed by a second mea-
surement, onset of kidney failure, or kidney death. Kidney
failure was defined as an eGFR ,15 ml/min per 1.73 m2

confirmed by a second measurement after $30 days, the
start of maintenance dialysis for at least 90 days, or a kidney
transplantation. Other kidney outcomes were the individual
components of the composite end point of doubling of
serum creatinine and kidney failure separately. Cardiovas-
cular outcomes were heart failure hospitalization and a
composite of heart failure hospitalization and cardiovascu-
lar death. Heart failure hospitalization was a prespecified
safety outcome in the trial. All primary and secondary end
points and heart failure hospitalization outcomes were adju-
dicated by an independent event adjudication committee
using rigorous outcome definitions, and the members were
blinded to study treatment assignment (10).

Statistical Analyses
Baseline characteristics are presented as means and SDs.

For variables with a non-normal distribution, the median
and the interquartile range (IQR) are reported. Categorical
variables are shown as the number of observations and the
percentage of observations. UACR was log transformed in
all analyses to account for their skewed distributions. Dif-
ferences in baseline characteristics across the defined sub-
groups of eGFR and UACR were tested with one-way
ANOVA or the chi-squared test where appropriate. Event
rates were calculated as the number of events per 100
patient-years using Poisson regression.
In the overall population, we used Cox proportional haz-

ards regression analyses to calculate the treatment effect of
atrasentan compared with placebo on all outcomes. We
analyzed subgroups of eGFR and UACR and adjusted
the Cox model for log-transformed UACR (at the start of
enrichment and at randomization), serum albumin at
randomization, age, and eGFR at randomization, as prespe-
cified in the SONAR trial (10). The heterogeneity of treat-
ment effects across the eGFR and UACR subgroups was
assessed by adding the subgroup categories as an interac-
tion term with treatment in each model.
The absolute risk reduction (ARR) was calculated as

described by Altman and Andersen (13) using the hazard
ratio (HR) and event rate. We used the pooled HR of the
overall population when significant heterogeneity across
subgroups was absent. When heterogeneity across sub-
groups was detected, the HR of the interaction model was
used to calculate the ARR. Heterogeneity in ARR across
eGFR and UACR subgroups was estimated using fixed
effects metaregression (14,15).
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We analyzed the effects of atrasentan on eGFR slope
using a mixed effects model with a random intercept and
random slope for treatment. The model included fixed
effects of treatment, visit, and subgroup category. To deter-
mine eGFR slopes for each eGFR and UACR subgroup, we
added to the model all possible interaction terms for treat-
ment effect, subgroup, and visit. To allow generality for the
covariance structure, we used an unstructured variance-
covariance matrix (i.e., purely data dependent).
Statistical analyses were performed using Stata 14.2 SE

(StataCorp. 2015. Stata Statistical Software: Release 14; Sta-
taCorp LP, College Station, TX) and the R package Survival
version 2.44–1.1 (16,17) in the R programming language
version 3.5.1. Two-sided P values ,0.05 were considered
statistically significant.

Results
A total of 3668 patients were randomly assigned to atra-

sentan (n51834) or placebo (n51834) in the SONAR trial.
At baseline, patients had a mean age of 65 years (SD 9), 946
(26%) patients were women, mean eGFR was 43 (SD 14)
ml/min per 1.73 m2, and median UACR was 829 (IQR,
457–1556) mg/g.
There were 2127 (58%), 1269 (35%), and 271 (7%) patients

with baseline UACR of ,1000, $1000–3000, and $3000

mg/g, respectively. Patients with a higher baseline UACR
were more likely to be women and had higher BP and
BNP, but they had lower eGFR (Table 1).

Across eGFR categories, 1567 (43%), 1508 (41%), and 592
(16%) patients had baseline eGFR of $45, $30–45, and ,30
ml/min per 1.73 m2, respectively. Patients with a lower
baseline eGFR had a higher UACR and BNP (Table 1).

Kidney Outcomes
During a median 2.2-year (IQR, 1.4–2.9) follow-up, the

event rate for the primary kidney outcome (doubling of
serum creatinine, kidney failure, and kidney death) was
progressively higher in higher UACR categories and lower
eGFR categories. For example, in the placebo group, 1.9
(95% confidence interval [95% CI], 1.4 to 2.6) events per 100
patient-years occurred in patients with baseline UACR
,1000 mg/g versus 27.5 (95% CI, 21.2 to 35.6) events per
100 patient-years in patients with a baseline UACR $3000
mg/g (Figure 1).

The effect of atrasentan on the primary kidney outcome
(HR, 0.72; 95% CI, 0.58 to 0.89) was consistent across all
baseline eGFR (P interaction .0.92) and UACR subgroups
(P interaction .0.21) (Figure 1). Additionally, the effect of
atrasentan on doubling of serum creatinine (HR, 0.74; 95%
CI, 0.57 to 0.95) and kidney failure (HR, 0.70; 95% CI, 0.55

Table 1. Baseline characteristics of the Study of Diabetic Nephropathy with Atrasentan participants according to baseline urinary
albumin-creatinine ratio and eGFR

Characteristic
Baseline eGFR, ml/min per 1.73 m2 Baseline Urinary Albumin-Creatinine Ratio, mg/g

,30 $30–45 $45 ,1000a $1000–3000 $3000

No. of patients 592 1508 1567 2127 1269 271
Age, yr 65 (9) 65 (9) 64 (9) 66 (8) 63 (9) 62 (10)
Sex, n (%)

Men 412 (70) 1119 (74) 1191 (76) 1578 (74) 959 (76) 185 (68)
Women 180 (30) 389 (26) 376 (24) 549 (26) 310 (24) 86 (32)

Race, n (%)
White 354 (60) 893 (59) 863 (55) 1233 (58) 716 (56) 160 (59)
Black 45 (7) 94 (6) 85 (5) 139 (7) 74 (6) 11 (4)
Asian 159 (27) 467 (31) 571 (37) 688 (32) 428 (34) 82 (30)
Other 34 (6) 54 (4) 48 (3) 67 (3) 51 (4) 18 (7)

BP, mm Hg
Systolic 136 (16) 136 (15) 137 (15) 135 (15) 138 (15) 140 (16)
Diastolic 73 (10) 75 (10) 76 (10) 74 (10) 76 (10) 78 (10)

Serum creatinine, mg/dl 2.4 (0.4) 1.8 (0.3) 1.3 (0.2) 1.6 (0.5) 1.7 (0.5) 1.8 (0.5)
eGFR, ml/min per 1.73 m2 25 (3) 37 (4) 56 (10) 44 (14) 42 (13) 39 (13)
HbA1c, 7.4 (1.5) 7.6 (1.5) 7.6 (1.5) 7.5 (1.4) 7.7 (1.5) 7.7 (1.6)
Serum albumin, g/dl 3.9 (0.4) 3.9 (0.4) 4.0 (0.3) 4.0 (0.3) 3.8 (0.3) 3.5 (0.4)
Hemoglobin, g/dl 12.3 (1.6) 12.8 (1.7) 13.3 (1.7) 13.0 (1.7) 12.8 (1.7) 12.6 (1.9)
B-type natriuretic, pg/ml 52 [27–93] 50 [27–88] 45 [24–82] 45 [24–80] 51 [27–91] 66 [37–117]
UACR, mg/g 963 [527–1888] 898 [498–1622] 731 [417–1336] 511 [339–713] 1576 [1240–2084] 3688 [3276–4308]
Medications, n (%)

b-blocker 259 (44) 660 (44) 611 (39) 897 (42) 516 (41) 118 (44)
Diuretics 527 (89) 1286 (85) 1251 (80) 1774 (83) 1055 (83) 236 (87)
Lipid-lowering drugs 489 (83) 1198 (79) 1225 (78) 1668 (78) 1037 (82) 207 (76)
SGLT2 inhibitor 2 (0.3) 20 (1) 31 (2) 32 (2) 17 (1) 4 (1)

History of cardiovascular
disease, n (%)

95 (16) 220 (15) 240 (15) 330 (16) 178 (14) 47 (17)

Characteristics are shown at the start of the active run-in period (enrichment period) except for Hba1c, which was only measured
at randomization. Data are reported as mean (SD), median [interquartile range], or n (percentage). HbA1c, glycated hemoglobin;
UACR, urinary albumin-creatinine ratio; SGLT2, sodium-glucose cotransporter 2.
aThe majority (81) of patients had a UACR of 300–1000 mg/g.
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to 0.88) was similar across eGFR and UACR subgroups (all
P interaction .0.51) (Supplemental Figure 1).
The annual change in eGFR was 23.6 ml/min per 1.73

m2 (95% CI, 23.9 to 23.3) in the placebo group. Atrasentan
reduced the annual rate of change in eGFR to 23.0 ml/min
per 1.73 m2 (treatment effect, 20.6; 95% CI, 21.0 to 20.3;
P,0.001). The effect of atrasentan on eGFR slope was con-
sistent, irrespective of UACR and eGFR categories (all P
interaction .0.28) (Figure 2).
Although the relative risk reductions were consistent for

all kidney outcomes according to baseline eGFR and
UACR categories, the absolute benefit appeared greatest in
the highest UACR category ($3000 mg/g; P interaction
,0.01) and lowest eGFR category (,30 ml/min per 1.73
m2; P interaction ,0.01) (Figure 1). For every 1000 patients
with the highest level of baseline albuminuria or lowest
eGFR treated over 2.2 years, atrasentan would be expected
to prevent 98 and 64 participants from experiencing the pri-
mary kidney outcome, respectively. The absolute benefit of
atrasentan was also largest in the highest UACR and lowest
eGFR categories when the kidney failure end point was
analyzed alone (Supplemental Figure 1).
When the atrasentan UACR responder population was

analyzed, the relative effects of atrasentan on the kidney
end points were consistent regardless of baseline UACR
and eGFR. The absolute effects for the primary kidney out-
come differed by baseline UACR and eGFR, similar to our
main analyses (Supplemental Figure 2).

Heart Failure
The rate of heart failure hospitalization was progres-

sively higher in higher UACR categories and lower eGFR
categories, although the risk gradient was less steep than
for the primary kidney outcome (Figure 3).
In the overall population, we observed higher risks of heart

failure hospitalization (HR, 1.39; 95% CI, 0.97 to 1.99) and
the composite end point of heart failure or cardiovascular
death (HR, 1.29; 95% CI, 0.97 to 1.71) in patients treated
with atrasentan. The risk for heart failure related to use of
atrasentan was consistent across eGFR and UACR sub-
groups (all P interaction .0.09) (Figure 3). Similar results

were seen for the composite end point of heart failure and
cardiovascular death (Supplemental Figure 3).
The absolute effect of atrasentan on the risk of heart fail-

ure hospitalization was consistent across eGFR and UACR
subgroups (all P interaction .0.33) (Figure 3). For every
1000 patients treated over 2.2 years, atrasentan caused 11
participants to experience heart failure hospitalization
(Figure 3). The absolute risk related to atrasentan was also
consistent for the composite end point of heart failure
and cardiovascular death across subgroups (Supplemental
Figure 3).
In the atrasentan responder population, the relative and

absolute effects of atrasentan on the heart failure end points
were consistent regardless of baseline UACR and eGFR
(Supplemental Figure 4).

Discussion
In this post hoc analysis of the SONAR trial, we demon-

strated that atrasentan reduced the relative risk of kidney
disease progression that was consistent across subgroups
of baseline albuminuria and eGFR. Because the rates of kid-
ney outcomes were higher at lower eGFR or higher UACR
values, the greatest ARR with atrasentan treatment was
observed in the lowest eGFR and highest UACR categories.
Conversely, both the higher relative risk and the higher
absolute risk for heart failure hospitalization with atrasen-
tan were consistent across subgroups of baseline albumin-
uria and eGFR. Together, these findings indicate that the
benefit to risk ratio for atrasentan is most favorable in
patients with the lowest eGFR or highest albuminuria.
Our first major observation was that atrasentan’s efficacy

in reducing the relative risk of doubling of serum creatinine
or kidney failure was preserved in patients with the lowest
levels of eGFR and highest albuminuria. The absolute bene-
fits on these clinically important kidney outcomes were
greater in those with lower eGFR and more pronounced
albuminuria because of their higher absolute risk at base-
line. These beneficial effects of atrasentan were reinforced
by the attenuation of decline in kidney function across all
categories of baseline eGFR and albuminuria. It is

n/N
Event rate

(per 100 patient years)
HR (95% CI)

P for
heterogeneity

Absolute risk difference
(per 1000 patients treated 2.2 years)

P for
heterogeneity

Atrasentan Placebo Atrasentan Placebo

Doubling serum creatinine, kidney failure, or kidney death
Overall 152/1834 192/1834 4.0 5.1 0.72 (0.58–0.89) 29 (12 to 43)

eGFR <30 58/293 74/299 10.3 14.0 0.73 (0.51–1.03) 64 (25 to 96)

eGFR �30 to <45 58/752 75/756 3.8 4.9 0.70 (0.50–1.00) 0.92 27 (11 to 41) <0.01

eGFR � 45 36/789 43/778 2.2 2.6 0.64 (0.41–1.02) 15 (6 to 23)

UACR <1000 36/1062 44/1065 1.6 1.9 0.82 (0.53–1.28) 12 (5 to 17)

UACR �1000 to <3000 80/637 91/632 6.3 7.4 0.72 (0.53–0.98) 0.21 39 (16 to 58) <0.01

UACR �3000 36/135 57/136 17.0 27.5 0.57 (0.37–0.88) 98 (38 to 150)

Favors
placebo

Favors
atrasentan

.25 .5 1 2 4 050100150

Favors
placebo

Favors
atrasentan

Figure 1. | Atrasentan reduced the relative risk of the primary kidney outcome consistently across all categories of baseline eGFR and
urinary albumin-creatinine ratio (UACR); patients in the highest UACR and lowest eGFR categories showed the largest absolute benefit.
The figure shows the relative effect and absolute risk difference of atrasentan on the primary kidney end point across baseline eGFR and
UACR categories. 95% CI, 95% confidence interval; HR, hazard ratio.
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important to note that these benefits of atrasentan were
obtained on top of maximum recommended ACE inhibitor
or angiotensin receptor blocker treatment, and they under-
score the value of atrasentan even in patients at the highest
risk of kidney failure. Additionally, in the SONAR trial,
atrasentan was deliberately continued until patients
reached dialysis, and there was no eGFR threshold below
which study treatment had to be discontinued.
ERAs increase the risk of fluid retention and heart failure

(6,7). Here, we show that the risk of heart failure with atra-
sentan was consistent across subgroups of baseline kidney
function. Earlier studies with ERAs reported conflicting
results regarding the risk of heart failure by baseline eGFR.
One study showed a higher risk for atrasentan-associated
fluid retention in patients with a lower eGFR (18), whereas
in a study with the ERA avosentan, the risk for avosentan-
induced heart failure was higher in patients with a higher
eGFR (19). Because ERAs are known to cause fluid

retention, additional measures were incorporated in the
design of the SONAR trial to reduce the risk of edema and
heart failure. These were exclusion of patients with known
heart failure or BNP.200 pg/ml, optimization of diuretic
treatment, an active run-in period, and an enrichment
period to identify and exclude patients who did not toler-
ate atrasentan (10). These measures led to a population at
relatively low risk of heart failure as reflected by the lower
event rates in SONAR (1.2 per 100 patient-years) compared
with other recent trials in patients with type 2 diabetes and
CKD, including FIDELIO-DKD (2.2 per 100 patient-years)
and CREDENCE (2.5 per 100 patient-years) (20,21).

Understanding the benefits and risks of ERAs in specific
patient subgroups will guide appropriate use of ERAs in
clinical practice. Because the absolute benefit (reflected in
kidney failure) was higher at advanced stages of CKD but
absolute risk (reflected in heart failure) was not, the overall
benefit-risk ratio of atrasentan was favorable even in

A
eGFR <30 eGFR ≥30 to <45 eGFR ≥45 P for interaction

Difference in eGFR
slope (95% CI)

(ml/min/1.73m2/year)

–0.76
(–1.44 to –0.07)

–0.93
(–1.48 to –0.39)

–0.32
(–0.92 to 0.29)

0.28

Atrasentan

Placebo

0

–2

–4
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F

R
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Difference in eGFR
slope (95% CI)

(ml/min/1.73m2/year)
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<3000

UACR ≥3000 P for interaction

–0.68
(–1.09 to –0.27)

–0.50
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–1.58
(–3.44 to 0.29)
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Figure 2. | The effect of atrasentan on eGFR slope was consistent, irrespective of urinary albumin-creatinine ratio (UACR) and eGFR cat-
egories. The figure shows the effect of atrasentan versus placebo on eGFR slope across baseline eGFR (A) and UACR (B) categories.
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patients with advanced CKD. However, it has been shown
that intervention at early stages of CKD delays the time to
dialysis more than late intervention (22). The SONAR trial
only recruited patients with severe kidney disease, and
benefit-risk comparisons with patients at the earliest stages
of CKD cannot be made. Additional trials with ERAs in
patients with higher eGFR and lower UACR are ongoing
and will also evaluate possible synergistic effects with
sodium glucose cotransporter 2 inhibitors (ZENITH-CKD:
NCT04724837 and AFFINITY: NCT04573920).
The strengths of the SONAR trial are that it was a large,

international trial representing a broad cohort of patients
with advanced CKD and used rigorous methods of data
collection and end point adjudication. However, this study
also has limitations. First, the relatively stringent inclusion
and exclusion criteria limit generalizability of the results,
which are only certain to apply to patients who share the
characteristics of the enrolled population and tolerate atra-
sentan, defined as no increase in body weight of .3 kg or
BNP increase to .300 pg/ml after a few weeks of treat-
ment. In addition, heart failure and BNP .200 pg/ml were
exclusion criteria for the trial. We thus studied a population
with a narrow BNP range, which limited assessment of the
effect of atrasentan in subgroups by baseline BNP. We
combined the responder and nonresponder strata for the
purpose of this analysis because the effects of atrasentan on
the primary outcome did not differ between responders
and nonresponders (6). However, the nonresponders were
a selection of 1020 patients out of a larger group of non-
responders. Because the SONAR trial was stopped prema-
turely because of a lower than expected event rate, the
statistical power to assess secondary end points, such as
heart failure hospitalization, was limited.
In conclusion, the relative reduction in the risk of the pri-

mary kidney outcome with atrasentan was consistent
across subgroups of baseline albuminuria and eGFR.
Therefore, the greatest absolute kidney benefit was
observed among patients in the lowest eGFR and highest
albuminuria categories who were at highest baseline risk.
Conversely, the relative and absolute risks of heart failure
hospitalization with atrasentan were similar across baseline

eGFR and albuminuria subgroups, suggesting a favorable
benefit-risk ratio for atrasentan and supporting its use in
patients with eGFR between 25 and 75 ml/min per 1.73 m2

and substantial albuminuria.
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Supplemental Figure 1: effect of atrasentan on the doubling of serum creatinine and kidney failure across baseline eGFR and UACR 

categories. Figure shows the relative effect and absolute risk difference.  

  

n/N
Event rate 

(per 100 patient years)
HR (95% CI)

P for 

heterogeneity

Absolute risk difference

(per 1000 patients treated 2.2 years)

P for 

heterogeneity

Atrasentan Placebo Atrasentan Placebo

Doubling serum creatinine

Overall 112/1834 139/1834 3.0 3.7 0.74 (0.57-0.95) 19 (4 to 32)

eGFR <30 27/293 33/299 4.6 6.0 0.77 (0.46-1.29) 28 (6 to 45)

eGFR ≥30 to < 45 49/752 64/756 3.2 4.2 0.71 (0.49-1.05) 0.84 22 (4 to 35) 0.39

eGFR ≥ 45 36/789 42/778 2.2 2.5 0.66 (0.42-1.04) 14 (3 to 23)

UACR <1000 22/1062 30/1065 1.0 1.3 0.75 (0.43-1.29) 7 (1 to 12)

UACR ≥1000 to < 3000 60/637 69/632 4.7 5.6 0.73 (0.51-1.03) 0.95 28 (6 to 45) <0.01

UACR ≥3000 30/135 40/136 13.8 18.9 0.72 (0.44-1.18) 68 (13 to 113)

Kidney failure

Overall 126/1834 161/1834 3.3 4.3 0.70 (0.55-0.88) 26 (10 to 38)

eGFR <30 57/293 72/299 10.1 13.6 0.75 (0.52-1.06) 66 (25 to 100)

eGFR ≥30 to < 45 52/752 68/756 3.4 4.5 0.68 (0.47-0.98) 0.86 26 (10 to 39) <0.01

eGFR ≥ 45 17/789 21/778 1.0 1.2 0.57 (0.29-1.12) 8 (3 to 12)

UACR <1000 29/1062 35/1065 1.3 1.5 0.80 (0.49-1.32) 10 (4 to 15)

UACR ≥1000 to < 3000 63/637 79/632 4.9 6.4 0.64 (0.46-0.90) 0.51 36 (14 to 54) <0.01

UACR ≥3000 34/135 47/136 15.8 21.9 0.65 (0.41-1.04) 89 (33 to 137)
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Supplemental Figure 2: The effect of atrasentan on kidney endpoints across baseline eGFR and UACR categories in the atrasentan 

responder population. Figure shows the relative effect and absolute risk difference.  

  

n/N
Event rate 

(per 100 patient years)
HR (95% CI)

P for 

heterogeneity

Absolute risk difference

(per 1000 patients treated 2.2 years)

P for 

heterogeneity

Atrasentan Placebo Atrasentan Placebo

Doubling serum creatinine, kidney failure or renal death

Overall 79/1325 105/1323 2.9 3.9 0.65 (0.49-0.88) 27 (9 to 40)

eGFR <30 30/197 40/194 8.0 11.8 0.68 (0.42-1.11) 66 (23 to 100)

eGFR ≥30 to < 45 31/542 39/547 2.8 3.6 0.70 (0.43-1.13) 0.98 24 (8 to 36) 0.03

eGFR ≥ 45 18/586 26/582 1.5 2.1 0.57 (0.31-1.05) 15 (5 to 23)

UACR <1000 24/794 29/794 1.4 1.7 0.79 (0.46-1.35) 12 (4 to 19)

UACR ≥1000 to < 3000 43/451 49/447 4.9 5.7 0.79 (0.52-1.20) 0.05 36 (13 to 55) <0.01

UACR ≥3000 12/80 27/82 8.7 20.9 0.33 (0.16-0.68) 99 (33 to 152)

Doubling serum creatinine

Overall 56/1325 78/1323 2.1 2.9 0.61 (0.43-0.87) 23 (8 to 33)

eGFR <30 13/197 19/194 3.4 5.4 0.68 (0.33-1.40) 37 (13 to 54)

eGFR ≥30 to < 45 25/542 33/547 2.3 3.0 0.66 (0.39-1.11) 0.93 23 (8 to 34) 0.21

eGFR ≥ 45 18/586 26/582 1.5 2.1 0.57 (0.31-1.05) 17 (6 to 25)

UACR <1000 14/794 21/794 0.8 1.2 0.65 (0.33-1.28) 10 (4 to 15)

UACR ≥1000 to < 3000 33/451 37/447 3.7 4.3 0.75 (0.46-1.20) 0.27 31 (11 to 46) 0.25

UACR ≥3000 9/80 20/82 6.5 15.2 0.37 (0.17-0.85) 87 (29 to 130)

Kidney failure

Overall 67/1325 81/1323 2.5 3.0 0.73 (0.53-1.01) 16 (-1 to 28)

eGFR <30 29/197 38/194 7.7 11.2 0.70 (0.42-1.15) 49 (-2 to 87)

eGFR ≥30 to < 45 28/542 35/547 2.5 3.2 0.70 (0.42-1.16) 0.39 17 (-1 to 30) 0.04

eGFR ≥ 45 10/586 8/582 0.8 0.6 1.02 (0.39-2.65) 4 (0 to 6)

UACR <1000 20/794 23/794 1.2 1.4 0.81 (0.44-1.48) 8 (0 to 14)

UACR ≥1000 to < 3000 36/451 40/447 4.1 4.6 0.85 (0.54-1.35) 0.24 23 (-1 to 41) 0.09

UACR ≥3000 11/80 18/82 7.9 13.5 0.50 (0.22-1.11) 54 (-3 to 97)
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Supplemental Figure 3: The effect of atrasentan on heart failure and cardiovascular death across baseline eGFR and UACR 

categories. Figure shows the relative effect and absolute risk difference 

 

 

n/N
Event rate 

(per 100 patient years)
HR (95% CI)

P for 

heterogeneity

Absolute risk difference

(per 1000 patients treated 2.2 years)

P for 

heterogeneity

Atrasentan Placebo Atrasentan Placebo

Heart failure and cardiovascular death

Overall 111/1834 85/1834 2.8 2.2 1.29 (0.97-1.71) -13 (-32 to 1)

eGFR <30 27/293 24/299 4.5 4.1 1.04 (0.59-1.81) -22 (-53 to 2)

eGFR ≥30 to < 45 50/752 31/756 3.1 1.9 1.61 (1.02-2.52) 0.91 -12 (-28 to 1) 0.78

eGFR ≥ 45 34/789 30/778 2.0 1.7 1.14 (0.69-1.86) -11 (-27 to 1)

UACR <1000 54/1062 34/1065 2.3 1.4 1.63 (1.06-2.51) -9 (-22 to 1)

UACR ≥1000 to < 3000 41/637 37/632 3.1 2.8 1.08 (0.69-1.69) 0.15 -16 (-40 to 2) 0.55

UACR ≥3000 16/135 14/136 6.6 5.6 1.08 (0.52-2.26) -28 (-67 to 3)
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Supplemental Figure 4: The effect of atrasentan on heart failure, and heart failure and cardiovascular death, across baseline eGFR 

and UACR categories in the atrasentan responder population. Figure shows the relative effect and absolute risk difference.  

 

n/N
Event rate 

(per 100 patient years)
HR (95% CI)

P for 

heterogeneity

Absolute risk difference

(per 1000 patients treated 2.2 years)

P for 

heterogeneity

Atrasentan Placebo Atrasentan Placebo

Heart failure

Overall 47/1325 34/1323 1.7 1.2 1.33 (0.85-2.07) -8 (-27 to 4)

eGFR <30 9/197 11/194 2.3 3.0 0.87 (0.34-2.23) -18 (-57 to 8)

eGFR ≥30 to < 45 26/542 12/547 2.3 1.0 2.05 (1.03-4.09) 0.66 -7 (-23 to 3) 0.79

eGFR ≥ 45 12/586 11/582 1.0 0.9 1.10 (0.48-2.50) -6 (-20 to 3)

UACR <1000 22/794 12/794 1.3 0.7 1.86 (0.92-3.76) -5 (-16 to 2)

UACR ≥1000 to < 3000 18/451 17/447 1.9 1.9 1.05 (0.53-2.06) 0.26 -12 (-39 to 5) 0.66

UACR ≥3000 7/80 5/82 4.8 3.4 1.28 (0.39-4.28) -19 (-61 to 9)

Heart failure and cardiovascular death

Overall 73/1325 57/1323 2.6 2.0 1.26 (0.89-1.78) -11 (-32 to 5)

eGFR <30 14/197 20/194 3.6 5.4 0.68 (0.34-1.39) -25 (-73 to 11)

eGFR ≥30 to < 45 36/542 17/547 3.1 1.5 1.99 (1.11-3.56) 0.30 -8 (-24 to 3) 0.75

eGFR ≥ 45 23/586 20/582 1.8 1.6 1.13 (0.62-2.07) -9 (-26 to 4)

UACR <1000 38/794 26/794 2.2 1.5 1.51 (0.91-2.48) -8 (-25 to 4)

UACR ≥1000 to < 3000 27/451 24/447 2.9 2.6 1.11 (0.63-1.93) 0.28 -13 (-40 to 6) 0.76

UACR ≥3000 8/80 7/82 5.5 4.7 1.02 (0.35-2.95) -21 (-62 to 9)
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