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Prediction of the effect of atrasentan on
renal and heart failure outcomes based on
short-term changes in multiple risk
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Abstract

Background: A recent phase II clinical trial (Reducing Residual Albuminuria in Subjects with Diabetes and Nephropathy

with AtRasentan trial and an identical trial in Japan (RADAR/JAPAN)) showed that the endothelin A receptor antagonist

atrasentan lowers albuminuria, blood pressure, cholesterol, hemoglobin, and increases body weight in patients with type

2 diabetes and nephropathy. We previously developed an algorithm, the Parameter Response Efficacy (PRE) score, which

translates short-term drug effects into predictions of long-term effects on clinical outcomes.

Design: We used the PRE score on data from the RADAR/JAPAN study to predict the effect of atrasentan on renal and

heart failure outcomes.

Methods: We performed a post-hoc analysis of the RADAR/JAPAN randomized clinical trials in which 211 patients with

type-2 diabetes and nephropathy were randomly assigned to atrasentan 0.75 mg/day, 1.25 mg/day, or placebo. A PRE

score was developed in a background set of completed clinical trials using multivariate Cox models. The score was

applied to baseline and week-12 risk marker levels of RADAR/JAPAN participants, to predict atrasentan effects on

clinical outcomes. Outcomes were defined as doubling serum creatinine or end-stage renal disease and hospitalization

for heart failure.

Results: The PRE score predicted renal risk changes of �23% and �30% for atrasentan 0.75 and 1.25 mg/day, respect-

ively. PRE scores also predicted a small non-significant increase in heart failure risk for atrasentan 0.75 and 1.25 mg/day

(þ2% vs. þ7%). Selecting patients with >30% albuminuria reduction from baseline (responders) improved renal outcome

to almost 50% risk reduction, whereas non-responders showed no renal benefit.
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Conclusions: Based on the RADAR/JAPAN study, with short-term changes in risk markers, atrasentan is expected to

decrease renal risk without increased risk of heart failure. Within this population albuminuria responders appear to

contribute to the predicted improvements, whereas non-responders showed no benefit. The ongoing hard outcome trial

(SONAR) in type 2 diabetic patients with >30% albuminuria reduction to atrasentan will allow us to assess the validity of

these predictions.
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Introduction

Despite the availability of existing proven therapies to
slow progression of kidney disease, diabetic nephropa-
thy remains associated with a high risk of end-stage
renal disease (ESRD).1,2 Endothelin-A receptor antag-
onists (ERAs) have been proposed as an addition to
blockade of the renin–angiotensin–aldosterone system
(RAAS) to delay progression of kidney disease.3–6

Clinical trials with the ERAs avosentan, darusentan
and sitaxsentan have shown reductions in albumin-
uria.7–9 The recent Reducing Residual Albuminuria in
Subjects with Diabetes and Nephropathy with
AtRasentan trial and an identical trial in Japan
(RADAR/JAPAN trials) showed that the addition of
the ERA atrasentan in doses of 0.75 and 1.25mg/day
on top of angiotensin-converting enzyme inhibitor
(ACEi) or angiotensin receptor blocker (ARB) therapy
results in approximately 40% reduction in albuminuria
in patients with type 2 diabetes and nephropathy.10

These data suggest that ERAs may confer renoprotec-
tive effects, although this has not been confirmed in a
long-term hard outcome trial.

In the RADAR/JAPAN trials atrasentan decreased
not only albuminuria, but also blood pressure and
low-density lipoprotein (LDL) cholesterol.10 These
additional effects may enhance the beneficial effect of
atrasentan. In contrast, atrasentan dose-dependently
increased body weight reflecting sodium retention,
which induced edema and may increase the risk of con-
gestive heart failure (CHF) as seen with avosentan. The
sodium-retaining effect may thus negatively influence
the benefit–risk ratio of ERAs, and has indeed led to
early discontinuation of other clinical trials with
ERAs.11,12 Because ERAs have effects on multiple
renal or cardiovascular risk markers, known risk mar-
kers should ideally be measured and integrated in order
to reliably predict the long-term effect of atrasentan on
clinical outcomes, as opposed to using a single marker
(such as albuminuria) alone. We recently developed and
validated an algorithm, the multiple Parameter
Response Efficacy (PRE) score, that predicts long-

term risk of clinical outcomes based on short-term
effects of drugs on multiple risk markers.13,14 The
PRE score was developed because single drugs have
effects on multiple renal/cardiovascular risk markers,
and each of these effects may alter the ultimate renal/
cardiovascular outcome.15 The aim of the current
study is to apply the PRE score to data from the
RADAR/JAPAN trials to predict the potential
long-term effect of the ERA atrasentan on renal
and heart failure outcomes. In addition, the benefit–
risk ratio for the 0.75 and 1.25mg/day atrasentan
doses was established.

Materials and methods

Principles of the PRE score model

We predicted the effect of atrasentan on renal and heart
failure outcomes by using the PRE score. This score
translates the effect of short-term drug-induced changes
in multiple risk markers to long-term outcomes as
previously described.13,14 In brief, first we established
the relationship between risk markers and clinical
outcomes in a background population of completed
clinical trials with similar patient characteristics to the
RADAR/JAPAN trials (NCT01356849 and
NCT01424319). We matched our background popula-
tion so as to be able to calculate risk marker outcome
relationships that are representative of patients
included in the RADAR study. The background popu-
lation was selected from completed clinical trials
including the Reduction of Endpoints in NIDDM
with the AII Antagonist Losartan (RENAAL),
Irbesartan Diabetic Nephropathy Trial (IDNT), the
ALiskiren Trial In Type 2 Diabetes Using
CarDiorenal Endpoints (ALTITUDE) and the
Avosentan on Time to Doubling of Serum Creatinine,
End Stage Renal Disease or Death (ASCEND) trial.
Because patients in the RADAR/JAPAN trials used
maximum ACEi or ARB, we selected all patients
from the background datasets that used ACEIs or
ARBs for at least six months.
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Second, the calculated risk marker–outcome rela-
tionships, established in the background population,
with a median follow-up of almost three years, were
applied to the baseline and week-12 risk marker meas-
urements in the atrasentan 0.75mg/day and 1.25mg/
day treatment arm of the RADAR/JAPAN trials to
predict individual patients’ three-year renal (defined
as a composite of sustained doubling of serum creatin-
ine or ESRD) or heart failure risk (defined as hospital-
ization due to CHF) at both time points. These
endpoints were recorded in the background database
and were pre-specified and adjudicated by an independ-
ent endpoint committee using rigorous and standar-
dized definitions. Third, we calculated the mean of
the difference in the predicted risk at baseline and
week 12, adjusted for the mean of the difference in pre-
dicted risk in the placebo arm. This represented the
PRE score and indicated the three-year renal or heart
failure risk change conferred by atrasentan. In
summary, the background database was used to estab-
lish the association between multiple risk markers and
clinical outcomes using a population which was similar
to the RADAR/JAPAN population. Based on the risk
marker–outcome associations in the background data-
base we predicted renal/heart failure risk change by
considering the changes in multiple risk markers as
observed in the RADAR/JAPAN trials. The model
assumes that the predictive ability of short-term risk
marker changes are independent of the drug that
induces the change. As such the model is applicable
to different interventions as long as all relevant risk
marker changes are measured and included.

We also applied the risk score to a subset of respon-
ders (>30% reduction in albuminuria) and a subset of
non-responders (<30% albuminuria reduction) in the
RADAR/JAPAN trials to assess whether enriching the
patient population (only including responders after a
run-in period) would improve the benefit–risk profile
of atrasentan.

Risk marker selection in the RADAR/JAPAN trials

All parameters that were measured in the intention-to-
treat population of the RADAR/JAPAN trials and
were previously identified as risk markers for cardio-
vascular or renal clinical outcomes were used for
analysis: urine albumin-to-creatinine ratio (albumin-
uria), body weight, systolic blood pressure (SBP),
hemoglobin (Hb), albumin, calcium, HbA1c, LDL
cholesterol, high-density lipoprotein (HDL) choles-
terol, serum potassium, phosphate and uric acid.
Albuminuria was measured from the geometrical
mean of three first morning void urine samples in a
central laboratory in the United States (Quest
Diagnostics Clinical Trials, Valencia, CA, USA) or

Japan (BML, Inc., Saitama, Japan). We included all
available risk markers to capture all measured short-
term effects of atrasentan. PRE scores were calculated
for subjects in RADAR/JAPAN in whom all risk mar-
kers were measured at baseline and follow-up.

Changes in body weight were used as a proxy for the
sodium-retaining effects of atrasentan, which likely rep-
resents a heart failure risk different from other forms of
body weight change (such as fat deposition). Because
no data on fluid-specific body weight changes were pre-
sent in the RENAAL, IDNT and ALTITUDE trial, we
included data from the ASCEND trial in which
patients were treated with the ERA avosentan. From
the ASCEND data we could assess the direct associ-
ation between ERA-induced body weight changes and
renal and heart failure outcomes.

Statistical analysis

Data are presented as means and standard deviation or
counts and percentages. Risk markers were handled as
continuous variables. Changes in risk marker levels at
week 12 between treatment arms were tested with
ANCOVA adjusted for baseline values and Tukey
post-hoc tests for pairwise comparisons. A Cox propor-
tional hazards model was used to estimate the coeffi-
cients and hazard ratios associated with each risk
marker for the first recorded renal or heart failure
event. Non-normally distributed data was log-
transformed. The regression coefficients for each risk
marker were taken and used as weights for the risk
equation for renal and heart failure outcomes.
The risk equations for renal and heart failure outcomes
were applied to the risk markers observed in the
RADAR/JAPAN trials at baseline and week 12 to cal-
culate renal and heart failure risk at both time points.
The mean difference in risk between the two time
points, after subtracting the mean risk difference
between both time points in the placebo arm, repre-
sented the PRE score for each outcome.

We performed additional analyses with a simulated
range of atrasentan-induced albuminuria changes and
body weight changes. We simulated the albuminuria
response because it is an important predictor for renal
outcomes.16 We simulated body weight change because
it is a strong predictor for heart failure induced by fluid
retention.17 Simulations were performed by shifting the
distributionof the albuminuria andbodyweight response.
This sensitivity analysis was performed to take into
account that atrasentan may have different effects on
these risk markers in the long-term hard outcome trial.

A two-tailed p value of <0.05 indicated statistical
significance. All statistical analyses were conducted
with R version 3.0.1 (R Project for Statistical
Computing, www.r-project.org).
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Results

The characteristics of all subjects included in the
calculations are presented in Table 1. Out of the 211
subjects in the RADAR/JAPAN dataset, 164 (78%)
had a complete risk marker profile at baseline and
follow-up. Of the 164 subjects derived from the
RADAR/JAPAN dataset, 119 were randomized to
atrasentan treatment (59 patients 0.75mg/day and 60
patients 1.25mg/day). A total of 63 (52.9%) patients
were classified as responders (27 patients 0.75mg/day,
36 patients 1.25mg/day), while 56 (47.1%) patients
were classified as non-responders (32 patients 0.75mg/
day, 24 patients 1.25mg/day).

A total of 2466 cases were used to calculate risk
marker–outcome relationships in the background

dataset. In the background dataset 331 patients
reached a renal event and 130 patients a hospitalization
for heart failure event.

Short term risk marker changes

Figure 1 shows changes in risk markers after treatment
with placebo, atrasentan 0.75mg/day, or atrasentan
1.25mg/day for the overall RADAR/JAPAN popula-
tion. As previously shown, atrasentan at doses of
0.75mg/day and 1.25mg/day induced a significant
reduction in urinary albumin excretion of approxi-
mately 40%. Atrasentan also decreased blood pressure,
hemoglobin, LDL cholesterol, and increased body
weight (Figure 1).

By restricting the population to responders (>30%
albuminuria reduction), we found a mean decrease in
albuminuria of approximately 60% for both the
0.75mg/day and 1.25mg/day atrasentan dose, respect-
ively. Non-responders had no significant change in
albuminuria (Supplementary Figure S1 online).
Changes in risk markers other than albuminuria were
similar between responders and non-responders
(Supplementary Figure S1), suggesting that responses
in other risk markers were independent of the albumin-
uria response.

Predicted treatment effect

Based on the albuminuria-lowering effect of atrasentan
0.75mg/day and 1.25mg/day alone, we predict a rela-
tive risk reduction for renal events of 31% and 37%
respectively. However, atrasentan-induced short-term
changes in body weight and hemoglobin could imply
an increase in renal risk (Figure 2). The PRE score,
which integrates the effect of atrasentan on all risk
markers, indicated a relative renal risk change of
�23% (95% confidence interval (CI): �47% to
þ1%) for the 0.75mg/day dose and �30% (–55% to
�6%) for the 1.25mg/day dose (Figure 2). For the
heart failure endpoint, the PRE score indicated a
slightly higher risk increase for the 1.25mg/day dose
(þ7%; �13% to þ27%) compared with the 0.75mg/
day dose (þ2%; �16% to þ20%) (Figure 3). Changes
in body weight and Hb were the main contributors to
the adverse effect prediction for heart failure. Results
were similar when missing values in risk markers of
RADAR/JAPAN subjects were imputed.

In the RADAR/JAPAN trials, we observed a large
variability in albuminuria response to atrasentan
(5th to 95th percentile �74.8% to þ48.4%). When
we restricted the population to only albuminuria
responders (>30% albuminuria reduction), the esti-
mated renal risk reduction conferred by atrasentan
0.75mg/day was �47% (�71% to �23%), with

Table 1. Characteristics of the subjects in the background and

RADAR/JAPAN dataset on baseline (month 6 for background

population). Numbers indicate mean (SD), unless otherwise

specified.

Background

(N¼ 2466)

RADAR/JAPAN

Complete cases

(N¼ 164)

Age, years 61 (9) 65 (9)

Males N (%) 1630 (66) 124 (76)

Race N (%)

White 1328 (54) 65 (40)

Black 224 (9) 21 (13)

Asian 631 (26) 74 (45)

Other 283 (11) 4 (2)

SBP, mmHg 142 (18) 137 (14)

Weight, kg 83 (20) 86 (21)

eGFR, ml/min

per 1.73 m2
41.0 (13) 49.3 (14)

HbA1c, % 8.1 (1.8) 7.4 (1.4)

Hb, g/dl 12.5 (1.9) 12.9 (1.7)

LDL-C, mg/dl 114 (43) 93 (35)

HDL-C, mg/dl 45 (14) 47 (13)

Serum Kþ, mEq/l 4.7 (0.6) 4.5 (0.5)

Phosphate, mg/dl 3.9 (0.8) 3.6 (0.6)

Serum albumin, g/dl 4.0 (0.4) 4.0 (0.4)

Calcium, mg/dl 9.2 (0.5) 9.2 (0.5)

Uric acid, mg/dl 7.1 (1.8) 7.7 (1.8)

UACR median

mg/g (IQR)

1026 (491–2108) 863 (469–1544.0)

RADAR/JAPAN: Reducing Residual Albuminuria in Subjects with Diabetes

and Nephropathy with AtRasentan trial and an identical trial in Japan; SBP:

systolic blood pressure; eGFR: estimated glomerular filtration rate; Hb:

hemoglobin; LDL-C: low-density lipoprotein cholesterol; HDL-C: high-

density lipoprotein cholesterol; Kþ: potassium; UACR: urinary albumin-

to-creatinine ratio (albuminuria); IQR: interquartile range.
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similar results in the 1.25mg/day group (�47%;
�71% to �22%; Figure 2). However, the PRE score
for heart failure in the responder group predicted
lower risk for the 0.75mg/day dose (�9%; �29% to
þ11%) than with the 1.25mg/day dose (þ5%; �19%
to þ29%; Figure 3). For non-responders, the PRE
score predicted no renal benefit for both doses: þ4%
(�22% to þ31%) and þ4% (�31% to þ39%;
Figure 2) for 0.75mg/day and 1.25mg/day respect-
ively. For heart failure the estimates were þ12%
(�10% to þ33%) and þ10% (�17% to þ36%;
Figure 3), respectively. PRE score predictions were
similar after imputation of missing risk marker

values at baseline and week 12 in the RADAR/
JAPAN trials (Supplementary Table S1).

We finally assessed whether we could identify base-
line determinants of a favorable PRE score. In univari-
ate and multivariate analyses, none of the baseline risk
markers showed an association with the PRE scores of
each individual.

Simulations

We repeated the analyses with simulated albuminuria
and weight changes induced by atrasentan treatment.
Simulations for the total population and the responders
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Figure 1. Overview of the changes (meanþ 95% CI) in risk markers in RADAR/JAPAN in the placebo, atrasentan 0.75 mg and

atrasentan 1.25 mg group after 12 weeks of follow-up. Results are shown for the total population.

*p< 0.05, **p< 0.001 versus placebo.
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are shown in Figure 4. PRE score predictions indicate
that with smaller changes in albuminuria the effect on
renal endpoints attenuated to a considerable extent.
Renal risk over a wide range of albuminuria responses
was similar between the two doses. For example, the
PRE score predicts a 25% reduction in renal risk with
an albuminuria reduction of approximately 39% for
the 0.75mg/day dose and 38% for the 1.25mg/day
dose, provided that changes in other risk markers
remain the same as observed in RADAR/JAPAN.
For simulated increases in body weight levels, patients
receiving 1.25mg/day atrasentan were at a slightly
higher risk of heart failure than patients receiving
0.75mg/day for the same body weight change.

Discussion

Using a multiple PRE score and the short-term
response data to atrasentan, we predicted that long-
term treatment with atrasentan on top of ACEi or
ARB therapy would reduce renal risk without a signifi-
cant increase in heart failure risk. However, CIs for the
heart failure outcome were wide, therefore leaving a
certain degree of uncertainty. The albuminuria
response is by far the most important contributor to
the potential renoprotective effect. When the calcula-
tions were restricted to a responder subset defined as
a >30% decrease in albuminuria, the PRE score
showed a significant further reduction in predicted
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Figure 2. Predicted risk change for renal outcomes for the total, responder and non-responder population based on changes in

single risk markers and the integrated effect of all risk markers. Bars indicate percentage mean change in relative risk induced by

treatment corrected for placeboþ 95% confidence interval.

UACR: urinary albumin-to-creatinine ratio; SBP: systolic blood pressure; Hb: hemoglobin; LDL-C: low-density lipoprotein cholesterol;

HDL-C: high-density lipoprotein cholesterol; Kþ: potassium.
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renal risk with no apparent dose difference. Similar to
the overall population, the risk of heart failure among
albuminuria responders was smaller with the 0.75 com-
pared with the 1.25mg/day dose of atrasentan, suggest-
ing that renoprotective effects without significant risk
of heart failure may be achieved with atrasentan
0.75mg/day in this population.

Proper dose selection is a key design element for any
clinical trial and particularly for drugs with a narrow
therapeutic index such as ERAs. The maximum recom-
mended therapeutic dose is determined from pharma-
ceutical dose–response trials and represents the dose of
the pharmaceutical agent with the optimal benefit–risk
ratio. Knowledge about the dose–response relation of a
drug is important because it provides information on

the dose beyond which no additional benefit is expected
or side effects become unacceptable.18 Past experience
teaches us that selecting the optimal dose in clinical
studies for ERAs is problematic. A phase 2 study
with the ERA avosentan showed dose-dependent
reductions in albuminuria with a maximum anti-albu-
minuric dose of 10mg/day.7 Avosentan at doses
beyond 10mg/day did not further decrease albuminuria
and caused a dose-dependent increase in body weight
and fluid retention. Despite these findings avosentan at
doses of 25mg/day and 50mg/day was tested in a hard
outcome trial that was terminated early due to excess
heart failure and mortality in the avosentan treatment
arms.11 This example illustrates the importance of care-
fully conducted dose-ranging studies in early stages of
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Figure 3. Predicted risk change for heart failure for the total, responder and non-responder populations based on changes in single

risk markers and the integrated effect of all risk markers. Bars indicate percentage mean change in relative risk induced by treatment

corrected for placeboþ 95% confidence interval.

UACR: urinary albumin-to-creatinine ratio; SBP: systolic blood pressure; Hb: hemoglobin; LDL-C: low-density lipoprotein cholesterol;

HDL-C: high-density lipoprotein cholesterol; Kþ: potassium.
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drug development. If validated in a full-scale trial, the
PRE score can aid in the selection of the optimal dose
and thereby improve clinical trial design, because it
takes all known risk markers into account and inte-
grates them into a composite risk score. Our analysis
shows that among albuminuria responders, atrasentan
0.75mg/day and 1.25mg/day have a similar predicted
protective effect on renal outcomes. We predicted a
slightly higher risk with the 1.25 versus the 0.75mg/
day dose of atrasentan on heart failure but the wide
CIs around the predicted effect preclude definitive con-
clusions regarding dose selection. In combination with
results of additional pharmacokinetic/pharmacody-
namic analyses, atrasentan 0.75mg/day is selected for
use in a long-term hard outcome trial.

Another important aspect to consider when design-
ing a new clinical trial is the response to treatment and
enrichment of the trial population with treatment

responders. Our results indicate that the reduction in
albuminuria was the most important contributor to the
renoprotective prediction of atrasentan. In fact, the
current study predicted that patients with >30% albu-
minuria reduction (responders) would have a clear pro-
tective benefit whereas those with less albuminuria
reduction (non-responders) showed no predicted bene-
fit. These findings suggest that randomizing the non-
responders in a hard outcome trial would not only
increase the total number of patients needed to be
enrolled in such a trial, but would also expose these
patients to long-term atrasentan treatment, potentially
without any likelihood of benefit. A hard outcome
study enriching the clinical trial population with albu-
minuria responders, by exposing all patients to atrasen-
tan during an ‘enrichment’ period prior to
randomization, could enhance the likelihood of detect-
ing a renoprotective treatment effect. However, this
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Figure 4. Simulated UACR and weight changes and the effect on renal and heart failure outcomes, respectively. The shaded area

reflects the 95% CI for the simulated UACR/weight responses. The red dot indicates changes observed in the total RADAR/JAPAN

populationþ 95% CI. The blue and green dots represent changes observed in the albuminuria responder and non-responder popu-

lation respectively. Predicted risk was calculated with risk marker changes from the total populationþ simulated values for either

albuminuria or body weight.

UACR: urinary albumin-to-creatinine ratio; CI: confidence interval; RADAR/JAPAN: Reducing Residual Albuminuria in Subjects with

Diabetes and Nephropathy with AtRasentan trial and an identical trial in Japan.
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requires validation in a prospective randomized con-
trolled trial.

Another advantage of an enrichment period is that
patients who experience side effects, such as fluid reten-
tion, can be identified during this period and can be
excluded from randomization. Selection of patients
for a clinical trial based on the response to the drug
thus maximizes the beneficial effect and minimizes
exposure of the intervention to patients in whom it
may be harmful.19 This approach mimics daily practice
since in daily clinical care the dose and type of drugs are
adjusted based on the response of the patients to the
drug. However, due to the stringent selection criteria of
the enriched randomized population, the generalizabil-
ity of the results to a broader population with type 2
diabetes and nephropathy is limited when conducting
an enrichment trial. Such an enrichment design is
applied in the Study Of Diabetic Nephropathy with
Atrasentan (SONAR, Clinical Trial identifier:
NCT01858532) hard outcome trial with atrasentan.
SONAR will enroll patients with similar characteristics
to those in RADAR/JAPAN (i.e. type 2 diabetes and
nephropathy). Eligible patients will proceed to a six-
week enrichment period. The aim of this enrichment
period is to determine albuminuria response as well as
safety. After completion of the six-week enrichment
period, patients with a response in albuminuria
(>30% reduction) and without unacceptable rise in
body weight (<3 kg) or B-type natriuretic peptide
(BNP) (<300 pg/ml) will be randomly assigned to
long-term treatment with atrasentan or placebo.
The SONAR trial will provide a more clear answer as
to whether atrasentan confers renoprotection and
whether the PRE score algorithm was actually accurate
in predicting the clinical benefits of ERAs.

The reduction in albuminuria was an important
driver of the predicted renal risk reduction. Prior trials
with dual RAAS blockade showed a reduction in albu-
minuria and blood pressure but did not observe a renal
risk reduction. However, in these trials off-target effects
such as hyperkalemia, hypotension and a decrease in
hemoglobin were observed which may offset the benefi-
cial effect of albuminuria reduction. The PRE score inte-
grates these multiple effects and translates them into
long-term risk change. In RADAR/JAPAN, we noted
that body weight and hemoglobin are themain contribu-
tors to increased renal and cardiovascular risk, whereas
other risk markers had negligible effects. We previously
applied the PRE score to a trial in which patients with
type 2 diabetes and nephropathy were treated with alis-
kiren, and predicted that aliskiren treatment in the
ALTITUDE trial would not result in the expected
cardio-renal risk reduction calculated based on albumin-
uria reduction alone, due to off-target effects (hyperka-
lemia, hypotension) that negatively influenced the

ultimate cardio-renal outcome.13 This was later con-
firmed by the early termination of the ALTITUDE
trial. We note that based on this study no inferences
can be made as to whether albuminuria is a valid
target for renoprotective therapies. The SONAR trial
with atrasentan, in which patients are randomized
based on their albuminuria response, will provide
more insight into this question.

The PRE score may have implications not only
for drug development or drug regulation but also
for predicting the ultimate treatment effect on clinical
outcomes in individual patient care. In current prac-
tice drug efficacy is monitored based on single risk
markers, such as blood pressure for an antihyperten-
sive drug. However, the PRE score may offer the
physician and patient a better tool to estimate the
overall predicted drug effect.15 In a recent study we
showed that, on an individual level, the PRE score
indeed provides a better prediction of who will benefit
from RAAS treatment compared with using single
markers alone.20

We could not predict the calculated PRE scores based
on baseline values of risk markers. Similarly, none of the
risk markers at baseline was able to predict the albumi-
nuria-lowering or weight-increasing effect of atrasentan.
Therefore, it is not possible to predict before exposure
who will benefit from treatment using traditional rec-
orded physical and clinical chemistry parameters. The
development and implementation of novel tools, such as
genomics, proteomics or metabolomics, may lead in the
near future to more detailed phenotyping and may pro-
vide new insights and knowledge about individual deter-
minants of treatment response.

Some aspects of our model should be considered.
First, we included all measured cardio-renal risk mar-
kers in the model to capture all potential measured
effects of atrasentan. We note that some of the included
risk markers may not be causally related to renal or
heart failure outcomes, despite their association with
outcome. However, even in the case that some of the
included risk markers are not causally related to out-
come, they may still be representative of the underlying
disease process and, as such, may accurately predict
outcomes.21 We acknowledge that our model cannot
make inferences as to whether the included risk markers
are valid targets for therapy. A prospective trial target-
ing the multiple risk markers included in the PRE score
is required to demonstrate this. Second, the model
assumes that the predictive ability of short-term risk
marker changes is independent of the drug or interven-
tion. As such the model is potentially applicable to
different interventions as long as all relevant risk
marker changes are measured and included in the
model, and risk marker–outcome relationships are not
modified by treatment.
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This study has limitations. First, the follow-up dur-
ation in the RADAR/JAPAN trials was 12 weeks. The
PRE score analysis assumes that initial week-12 changes
in risk markers are sustained during long-term follow-
up. However, long-term stability of risk marker changes
depends on various factors including treatment compli-
ance, use of co-medication, and progression of disease.
Second, we recognize that the sample size of the
RADAR/JAPAN trials was relatively small, which is
reflected by the large CIs in predicted treatment effects.
Third, we used the changes in body weight as a proxy for
fluid retention. However, it is well known that changes
in body weight are variable and we did not use standar-
dized techniques (e.g. same procedures and weighing
scale in all patients) to measure body weight. This has
introduced random variability and limited our ability to
precisely predict the long-term effect on heart failure.
Lastly, we cannot exclude that there were other relevant
risk markers not measured in RADAR/JAPAN and
therefore not accounted for in the PRE score.

In conclusion, based on short-term changes in risk
markers, both atrasentan 0.75mg/day and atrasentan
1.25mg/day are expected to decrease renal risk and
slightly increase heart failure risk, the latter to a lesser
extent with the low dose. Albuminuria responders to
atrasentan (>30% reduction) are the major contributors
to the predicted renal risk reductions. The predicted
ratio of the renal risk reduction versus heart failure
risk increase favours the atrasentan 0.75mg/day dose.
The ongoing hard outcome trial SONAR selects only
patients with type 2 diabetes and nephropathy that
respond (>30% albuminuria reduction) to atrasentan
0.75mg/day, and will provide a more clear answer as
to whether the PRE score predictions are accurate.
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