
 

 

 University of Groningen

Post hoc analysis of the SONAR trial indicates that the endothelin receptor antagonist
atrasentan is associated with less pain in patients with type 2 diabetes and chronic kidney
disease
Chan, Kam Wa; Smeijer, J. David; Schechter, Meir; Jongs, Niels; Vart, Priya; Kohan, Donald
E.; Gansevoort, Ron T.; Liew, Adrian; Tang, Sydney C.W.; Wanner, Christoph
Published in:
Kidney International

DOI:
10.1016/j.kint.2023.08.014

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2023

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Chan, K. W., Smeijer, J. D., Schechter, M., Jongs, N., Vart, P., Kohan, D. E., Gansevoort, R. T., Liew, A.,
Tang, S. C. W., Wanner, C., de Zeeuw, D., & Lambers Heerspink, H. (2023). Post hoc analysis of the
SONAR trial indicates that the endothelin receptor antagonist atrasentan is associated with less pain in
patients with type 2 diabetes and chronic kidney disease. Kidney International, 104(6), 1219-1226.
https://doi.org/10.1016/j.kint.2023.08.014

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

https://doi.org/10.1016/j.kint.2023.08.014
https://research.rug.nl/en/publications/6ece1217-dd15-400f-8233-17f221e3965c
https://doi.org/10.1016/j.kint.2023.08.014


www.kidney-international.org c l i n i ca l t r i a l
see commentary on page 1062that the endothelin receptor antagonist

atrasentan is associated with les
 OPEN
Post hoc analysis of the SONAR trial indicates

s pain
in patients with type 2 diabetes and chronic
kidney disease

Kam Wa Chan1,2,3, J. David Smeijer1, Meir Schechter1,4,5, Niels Jongs1, Priya Vart1, Donald E. Kohan6,
Ron T. Gansevoort1, Adrian Liew7, Sydney C.W. Tang2, Christoph Wanner8,9, Dick de Zeeuw1 and
Hiddo J.L. Heerspink1,10

1Department of Clinical Pharmacy and Pharmacology, University Medical Center Groningen, University of Groningen, Groningen, The
Netherlands; 2Division of Nephrology, Department of Medicine, The University of Hong Kong, Hong Kong SAR; 3School of Chinese
Medicine, Hong Kong Baptist University, Hong Kong SAR; 4Diabetes Unit, Department of Endocrinology and Metabolism, Hadassah
Medical Center, Jerusalem, Israel; 5Faculty of Medicine, Hebrew University of Jerusalem, Jerusalem, Israel; 6Division of Nephrology,
University of Utah Health, Salt Lake City, Utah, USA; 7Mount Elizabeth Novena Hospital, Singapore; 8Department of Medicine, Division of
Nephrology, Würzburg University Clinic, Würzburg, Germany; 9Department of Clinical Research and Epidemiology, Renal Research Unit,
Comprehensive Heart Failure Center, Würzburg University, Würzburg, Germany; and 10The George Institute for Global Health, Sydney,
New South Wales, Australia
Lay Summary

Pain is common in patients with type 2 diabetes and
chronic kidney disease (CKD). Therapies to treat pain, such
as non-steroidal anti-inflammatory drugs, are often not
safe inpatientswith CKD. Previous studies have suggested
that endothelin-1 is involved in pain signaling. In this
study, we demonstrate that the inhibition of endothelin-1
with the endothelin receptor antagonist atrasentan
reduced the incidence of pain-related adverse events in
patients with type 2 diabetes and CKD. These results
support the conduct of a dedicated prospective clinical
Pain is prevalent among patients with diabetes and chronic
kidney disease (CKD). The management of chronic pain in
these patients is limited by nephrotoxicity of commonly
used drugs including non-steroidal anti-inflammatory
drugs (NSAIDs) and opioids. Since previous studies
implicated endothelin-1 in pain nociception, our post hoc
analysis of the SONAR trial assessed the association
between the endothelin receptor antagonist atrasentan
and pain and prescription of analgesics. SONAR was a
randomized, double-blind, placebo-controlled clinical trial
that recruited participants with type 2 diabetes and CKD
(estimated glomerular filtration rate 25–75 ml/min/1.73 m2;
urinary albumin-to-creatinine ratio 300–5000 mg/g).
Participants were randomized to receive atrasentan or
placebo (1834 each arm). The main outcome was pain-
related adverse events (AEs) reported by investigators. We
applied Cox regression to assess the effect of atrasentan
compared to placebo on the risk of the first reported pain-
related AE and, secondly, first prescription of analgesics.
We used the Anderson-Gill method to assess effects on all
(first and subsequent) pain-related AEs. During 2.2-year
median follow-up, 1183 pain-related AEs occurred. Rates
for the first pain-related event were 138.2 and 170.2 per
1000 person-years in the atrasentan and placebo group
respectively (hazard ratio 0.82 [95% confidence interval
0.72–0.93]). Atrasentan also reduced the rate of all (first and
subsequent) pain-related AEs (rate ratio 0.80 [0.70-0.91]).
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These findings were similar after accounting for competing
risk of death (sub-hazard ratio 0.81 [0.71–0.92]). Patients
treated with atrasentan initiated fewer analgesics including
NSAIDs and opioids compared to placebo during follow-up
(hazard ratio [ 0.72 [0.60–0.88]). Thus, atrasentan was
associated with reduced pain-related events and pain-
related use of analgesics in carefully selected patients with
type 2 diabetes and CKD.
Kidney International (2023) 104, 1219–1226; https://doi.org/10.1016/
j.kint.2023.08.014
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trial to confirm the possible benefits of atrasentan treat-
P ain is a common debilitating condition that affects many
patients with diabetes and chronic kidney disease
(CKD). Previous studies reported that 48% to 63% of

patients with type 2 diabetes have pain symptoms, including

ment on pain management in individuals with CKD.
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burning, numbness, tingling, fatigue, cramping, and aching.1–4

The pathophysiology of pain is multifactorial and can be
generally classified into nociceptive, neuropathic, or of mixed
etiology.5,6 Non-neuropathic pain is most commonly reported
in patients with diabetes, with an incidence twice as high as
that of neuropathic pain.3,7 In patients with CKD, w60% of
patients experience pain, of which musculoskeletal pain is the
most common.8 Pain is associated with reduced quality of life,
in particular depression, poor sleep, and anxiety in patients
with diabetes and CKD.2,4,9–11

The most often used analgesics for pain in patients with
CKD include paracetamol, nonsteroidal anti-inflammatory
drugs (NSAIDs), and opioids.5 The management of pain in
patients with diabetes and CKD is complicated as commonly
used agents, including NSAIDs and opioids, increase the risk
of acute kidney injury, CKD progression, and mortality even
when used for short periods of time.12–15 Therefore, thera-
peutic options for effective pain management in patients with
diabetes and CKD are limited.

Endothelin-1 (ET-1) is a potent endogenous pluripotent
peptide produced in response to tissue injury, mechanical
stress, hypoxia, and inflammation.16–18 Both ET-1 and its
receptors are widely expressed throughout the body, including
nociceptors along the peripheral and central pain neuronal
pathways.17,19 Systemic ET-1 levels increase in pain-
dominated conditions such as musculoskeletal pain and
arthritis. ET-1 stimulates and sensitizes pain sensation via
endothelin receptor A and B.17,20,21

ET-1 is also implicated in the progression of CKD. Various
clinical trials demonstrated that endothelin receptor antago-
nists reduce albuminuria.22–24 The Study Of diabetic Ne-
phropathy with AtRasentan (SONAR) trial demonstrated that
the endothelin receptor A antagonist atrasentan reduced the
risk of major kidney outcomes in patients with type 2 diabetes
and CKD.25 In this post hoc analysis of the SONAR trial, we
assessed the association between atrasentan and pain-related
adverse events (AEs) and the initiation of systemic analgesics.
METHODS
Design and participants
The SONAR trial was a randomized, double-blind, placebo-
controlled clinical trial conducted at 689 clinical practice sites in 41
countries. The trial protocol, rationale of design, and primary results
have been published.25,26 Briefly, patients aged 18 to 85 years with
type 2 diabetes, CKD (estimated glomerular filtration rate [eGFR]
25–75 ml/min per 1.73 m2 and urine albumin-to-creatinine ratio
[UACR] 300–5000 mg/g), and a brain natriuretic peptide concen-
tration of #200 pg/ml were enrolled. eGFR was estimated by the
CKD Epidemiology Collaboration (CKD-EPI) equation. Key exclu-
sion criteria included history of hospitalized heart failure, severe
peripheral or facial edema, type 1 diabetes, known nondiabetic
kidney disease, pulmonary hypertension, pulmonary fibrosis, or any
pulmonary diseases requiring oxygen therapy.

After screening and a run-in period to optimize background
treatment with an angiotensin-converting enzyme inhibitor or
angiotensin receptor blocker, eligible patients received 0.75 mg of
atrasentan once daily during the 6-week response enrichment
1220
period, aimed to select patients who were likely to respond to
atrasentan, defined as an UACR reduction of $30%, and to exclude
patients who were prone to atrasentan-induced fluid retention,
defined as an increase of $3 kg in body weight or an increase in
brain natriuretic peptide concentration to $300 pg/ml. All
responder patients who tolerated atrasentan and a selection of
nonresponder patients subsequently proceeded to the randomization
visit and were assigned in a 1:1 ratio to either continue atrasentan
0.75 mg/d or to transition to placebo. The median total follow-up
period was 2.2 years until the last trial visit (either in-clinic or
telephone), which occurred by 29 March 2018.25 The trial was
approved by central or local ethics committees at all study sites
before commencement of any study procedures and overseen by an
independent data safety monitoring board.

Randomization
Randomization was performed centrally through an interactive voice
response system on the basis of a computer-generated randomization
schedule. A stratified randomization scheme was used to ensure bal-
ance in treatment allocation within geographic regions and baseline
UACR levels (#1000 or >1000 mg/g). Additionally, randomization
was stratified by UACR change from baseline during the response
enrichment period—#�60%, >�60% to #�45%, >�45%
to #�30% (classified as UACR responders) and >�30%
to #�15%, >�15% to #0%, >0% (classified as UACR non-
responders)—to assess whether the effect of atrasentan compared to
placebo on the primary kidney outcome depended on the UACR
change during response enrichment.

Outcome measures
The primary outcome of this post hoc analysis was pain-related AEs
including serious AEs. All pain-related (serious) AEs, and the cor-
responding dates of onset, were reported by participating in-
vestigators. All AEs were assessed and categorized using the
predefined standardized Medical Dictionary for Regulatory Activities
queries. The severity of pain was determined by the site investigators
who were blinded to randomized treatment allocation. Because the
analyses focused on the incidence of chronic pain, we excluded
surgical, injury, and infection pain-related AEs (e.g., fracture) from
the primary analysis owing to their distinct and acute etiologies. A
sensitivity analysis including all pain-related AEs irrespective of eti-
ology was performed. Pain-related AEs as reported by investigators
and categorized according to the Medical Dictionary for Regulatory
Activities are provided in Supplementary Table S1.

The secondary outcome was the initiation of concomitant med-
ications used to treat pain symptoms. Concomitant medications at
baseline and during follow-up were also reported by site in-
vestigators. Records of analgesics including NSAIDs and opioids
were identified using the anatomical therapeutic chemical classifi-
cation. Pain-related prescriptions of analgesics were identified by the
indication of each prescription. Systemic prescriptions of analgesics
via oral, s.c., i.v., i.m., and rectal route (including buccal, sublingual,
and transdermal) were included. Topical use was excluded in the
main analysis as systemic absorption is low but included in a
sensitivity analysis.27 Surgery-, injury-, and infection-related pre-
scriptions of analgesics were excluded in the main analysis but
included in a sensitivity analysis.

Statistical analysis
We performed all statistical analyses in the intention-to-treat prin-
ciple. We compared baseline characteristics using the unpaired t test,
Kidney International (2023) 104, 1219–1226



Table 1 | Baseline characteristics

Characteristic Atrasentan Placebo

No. of patients 1834 1834
Age, yr 64.6 � 8.8 64.4 � 8.7
Gender: female 458 (25.0) 488 (26.6)
Race
Asian 589 (32.1) 609 (33.2)
Black 109 (5.9) 115 (6.3)
Other 70 (3.8) 66 (3.6)
White 1066 (58.1) 1044 (56.9)

Body weight, kg 85.4 � 20.0 85.1 � 18.9
Body mass index, kg/m2 30.4 � 6.2 30.3 � 6.4
History of diabetes, yr 16.5 � 8.9 16.6 � 9.0
Blood pressure, mm Hg
Systolic 137.3 � 14.9 137.0 � 15.0
Diastolic 75.3 � 9.8 75.2 � 9.7

Glycated hemoglobin, % 7.6 � 1.4 7.6 � 1.5
eGFR, ml/min per 1.73 m2 42.3 � 12.9 41.9 � 12.6
<45 1118 (61.0) 1149 (62.6)
$45 716 (39.0) 685 (37.4)

UACR, mg/g 838.0 (473.2–1564.0) 826.0 (448.2–1553.0)
<1000 1062 (57.9) 1065 (58.1)
$1000 772 (42.1) 768 (41.9)

Hemoglobin, g/l 129.9 (17.3) 128.6 (16.9)
Insulin use 1164 (63.5) 1151 (62.8)
Smoking history 302 (16.5) 270 (14.7)
CVD history 265 (14.4) 290 (15.8)
Known history of diabetic
neuropathya

5 (0.3) 6 (0.3)

Known history of
neuropathya

13 (0.7) 15 (0.8)

Analgesic useb 352 (19.2) 365 (19.9)
NSAIDs 63 (3.4) 70 (3.8)
Opioids 111 (6.1) 106 (5.8)

CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; NSAID,
nonsteroidal anti-inflammatory drug; UACR, urine albumin-to-creatinine ratio.
aHistory of neuropathy and diabetic neuropathy was assessed on the basis of
adverse event complaints during the enrichment phase.
bAll analgesics used for chronic pain management (excluding pain medication used
for the treatment of other symptoms including surgery-related pain control, fracture,
injury, and infection).
Data are expressed as mean � SD or n (%). UACR is reported as median (25th–75th
percentile).
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Mann-Whitney test, or chi-square test, where appropriate. We
plotted survival curves using Kaplan-Meier estimators and applied
proportional hazards (Cox) regression models to assess the effect of
atrasentan compared to placebo on the risk of the first reported pain-
related AE. A competing risk analysis was also performed against
mortality. We used the same model to assess the effect of atrasentan
compared to placebo on the likelihood for the first prescription of
analgesics. Participants who were using these medications at baseline
were excluded from the analysis (n ¼ 717). We also assessed the
initiation of NSAIDs or opioids during follow-up in those not using
each of these agents at baseline. For patients who had multiple events
during follow-up, time to the first respective end point was used in
each analysis. Patients with pain before randomization were not
excluded, as there was no systematic assessment for pain for all
patients at baseline. We performed analysis in the entire trial pop-
ulation and in baseline prespecified derived subgroups: age (<65
or $65 years), gender, race (Asian, Black, White, and other), UACR
(<1000 or $1000 mg/g), eGFR (<45 or $45 ml/min per 1.73 m2),
as well as in post hoc derived subgroups: history of neuropathy or use
of analgesics.

We compared the risks of all (first and subsequent) pain-related
AEs between randomized groups in a time-to-event analysis by using
the Anderson-Gill method.28 In this analysis, we defined a recurrent
pain–related AE when the occurrence was >90 days apart from the
preceding event or a complaint of different nature. When no end
date was reported, we imputed the date of the last observation. To
account for the competing risk of death from any cause, we per-
formed a companion analysis according to the method described by
Fine and Gray.29

We performed sensitivity analyses to assess the robustness of the
result. First, we included surgical, injury, and infection pain-related
AEs in a sensitivity analysis. Second, we removed patients from the
main analysis who were using analgesics at baseline. Third, in the
recurrent pain analysis, we excluded patients without an event end
date. Moreover, we removed the requirement of a 90-day interval
between 2 subsequent pain-related AEs in the recurrent pain anal-
ysis. We also used Poisson regression to estimate the incidence rate
ratio of pain-related AEs between treatment groups. For the initia-
tion of analgesics, we excluded initiation of transdermal analgesics
use. In the final sensitivity analysis on the initiation of NSAIDs or
opioids, we not only excluded patients who were using NSAIDs or
opioids at baseline but also excluded patients using any kind of
analgesics.

A P value of < 0.05 was considered as statistically significant. R
4.2.0 (R Core Team) was used for all statistical analyses.
RESULTS
A total of 3668 patients were randomized to receive atrasentan
(n¼ 1834) or placebo (n¼ 1834) in the double-blind phase and
were included in the analysis. The baseline characteristics
including known history of neuropathy and use of analgesics
(includingNSAIDs and opioids)were balancedbetween groups
(Table 1). At baseline, 352 (19.2%) and 365 (19.9%) patients in
the atrasentan and placebo groups were using analgesics.

During a median follow-up period of 2.2 years, a total of
1479 pain-related AEs unrelated to surgery, injury, or infec-
tion were reported, of which 103 were classified as serious
AEs. Among these, 1183 pain-related AEs (atrasentan: 530;
placebo: 653) were at least 90 days apart. Overall, 936 (25.5%)
Kidney International (2023) 104, 1219–1226
patients had at least 1 pain-related AE and 191 (5.2%) had$2
pain-related AEs.

In the atrasentan group, 429 (23.4%) patients had at least 1
pain-related AE, yielding an event rate of 138.2 events per 1000
person-years; the equivalent number in the placebo group was
507 (27.6%) patients, yielding an event rate of 170.2 events per
1000 person-years, resulting in a hazard ratio (HR) of 0.82
(95% confidence interval [CI] 0.72–0.93) for the first pain-
related episode (Figure 1a). Compared with placebo, atra-
sentan also reduced the risk of all (first and subsequent) pain-
related AEs (rate ratio [RR] 0.80; 95% CI 0.70–0.91;
Figure 1b). These findings were also similar after accounting for
the competing risk of death (sub-HR 0.81; 95% CI 0.71–0.92).

Considering the first pain-related AEs, atrasentan reduced
the risk of incident musculoskeletal pain (HR 0.73; 95% CI
0.60–0.89), headache (HR 0.61; 95% CI 0.40–0.94), and spinal
cord and nerve root disorder–related symptoms (HR 0.46; 95%
CI 0.23–0.91; Figure 2). The HRs for pain with mild and
moderate intensity were 0.82 (95% CI 0.71–0.96) and 0.90
1221



Figure 1 | Cumulative incidence of pain-related adverse events. (a) The first pain-related adverse events of all randomized patients are
included. Surgery-, injury-, and infection-related pain events are excluded. (b) Cumulative incidence of recurrent pain–related adverse events.
We defined a recurrent pain–related adverse event when the occurrence was >90 days apart from the preceding event or a complaint of
different nature. CI, confidence interval.
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(95% CI 0.73–1.11), respectively (Supplementary Figure S1).
No statistically significant between-group differences were
observed for other causes of pain-related AEs, including pe-
ripheral neuropathies (Figure 2). There was no evidence that
the effects of atrasentan on first and all pain-related AEs varied
by baseline eGFR ($45 or <45 ml/min per 1.73 m2), UACR
(<1000 or $1000 mg/g), or other baseline characteristics
(Figure 3).

Among participants not using analgesics at baseline, 177
(11.9%) in the atrasentan group and 235 (16.0%) in the
placebo group initiated an analgesic during follow-up,
resulting in an HR of 0.72 (95% CI 0.60–0.88; Figure 4).
The effect of atrasentan compared to placebo was consistent
Figure 2 | Hazard ratio of different pain-related adverse event categ
pain categories. Pain adverse events were categorized by higher level g
musculoskeletal and connective tissue disorders, headaches, muscle dis
atrasentan. Only pain events with incidence >1% are shown. CI, confide

1222
for different analgesics with fewer NSAIDs (77 patients vs.
108 patients; HR 0.70; 95% CI 0.52–0.94) and opioids
(89 patients vs. 107 patients; HR 0.83; 95% CI 0.62–1.10).
The effect of atrasentan on the initiation of analgesics was
comparable across subgroups (Supplementary Figure S2).

The results of the sensitivity analyses are reported in
Supplementary Table S2 and Supplementary Figures S3 to S5.
Results remained essentially similar for the pain analysis when
surgery-, injury-, and infection-related events were included
(Supplementary Figure S3) or when patients using analgesics at
randomization were excluded. A further analysis with Poisson
regression provided similar results (Supplementary Figure S4).
Results also did not change for the medication analysis when
ories. The hazard ratio of incident pain–related adverse events by
roup term in blinded manner during the trial. Hazards of
orders, and spinal cord and nerve root disorders were reduced with
nce interval.

Kidney International (2023) 104, 1219–1226



Figure 3 | Subgroup analysis of the hazard of incident pain. CI, confidence interval; eGFR, estimated glomerular filtration rate; UACR, urine
albumin-to-creatinine ratio.
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transdermal analgesics were excluded or when patients using
any kind of analgesics were excluded for the analysis of the
initiation of NSAIDs or opioids. (Supplementary Table S2 and
Supplementary Figure S5).

DISCUSSION
Endothelin receptor antagonists have been shown to
ameliorate pain-related symptoms in experimental and small
clinical studies. In this post hoc analysis of the SONAR trial,
we found that the endothelin receptor A antagonist atrasentan
compared to placebo was associated with a significantly
Figure 4 | Initiation of pain medications during follow-up. Initiation o
medications at baseline. Analgesic prescriptions for surgery-, injury-, and
medication that was different or 90 days apart from preceding prescriptio
rate ratios are reported. NSAID, nonsteroidal anti-inflammatory drug.

Kidney International (2023) 104, 1219–1226
reduced number of pain episodes and initiation of common
analgesics to relieve pain in patients with type 2 diabetes and
CKD. These findings are clinically relevant as pain episodes
are common in this population and reduce the quality of life.
In addition, many of the commonly used analgesics for pain
management are nephrotoxic and should be avoided, leaving
this population with few effective therapies to manage pain.

Consistent with prior studies reporting a high prevalence
and incidence of pain in patients with diabetes or CKD, in the
SONAR trial, despite optimal guideline-recommended treat-
ments, nearly 1 of 4 placebo-treated patients reported a pain-
f analgesic medications in all randomized patients not using these
infection-related analgesic prescriptions are excluded. Any pain
n is regarded as a separate prescription. For recurrent event analysis,

1223
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related AE during a 2.2-year median double-blind treatment
period. The high incidence of pain in these patients impairs
life participation and control over health. A survey in 101
patients with CKD and 33 health care professionals reported
that, although patients consistently ranked kidney function
and mortality as the most important outcomes of kidney
disease, patients also prioritized adverse outcomes that they
cannot control such as joint and muscle pain.30

ET-1 has been implicated in the transmission of pain
through activation of nociceptors and potentiation of other
algogens such as capsaicin and arachidonic acid. In clinical
studies, arterial administration of ET-1 caused muscular pain
while dermal administration of ET-1 produced spontaneous
pain and mechanical hyperalgesia.31,32 ET-1 is also involved in
inflammatory pain. ET-1 is released by various pro-
inflammatory cells and causes nociception via different re-
ceptors, depending on the type of inflammation.33,34 A
common inflammatory pain condition is arthritis. A cross-
sectional study reported higher ET-1 levels in patients with
rheumatoid arthritis than in age- and gender-matched healthy
controls. In animal models of arthritis-related pain, endo-
thelin receptor antagonists alleviated pain induced by
arthritis.35,36 In the SONAR trial, atrasentan compared with
placebo treatment reduced the incidence of pain related to
joint and musculoskeletal disorders, supporting these prior
experimental and clinical observations.

Neuropathy is a common complication of diabetes and can
manifest as a painful syndrome. In a streptozotocin-induced
diabetes animal model, acute and chronic administration of
atrasentan reduced tactile allodynia, the perception of pain in
response to normally nonpainful stimulation, a common
complication of diabetic neuropathy.37 Chronic administra-
tion of an endothelin receptor antagonist reduced tactile
allodynia, suggesting a role for ET-1 in diabetic neuropathy–
related pain. This notion is supported by an observational
study in 2057 participants with type 2 diabetes, demon-
strating that higher ET-1 levels were independently associated
with a higher incidence of diabetic peripheral neuropathy.38

In contrast to these studies, we did not observe a reduction
in pain owing to peripheral neuropathies, including diabetic
neuropathy in the SONAR trial. Whether the experimental
models of diabetic neuropathy incorrectly reflect the human
situation or whether the neutral results from our post hoc
findings are inaccurate remains to be elucidated. It is also
possible that diabetic neuropathy involves permanent nerve
lesions and impaired signal transduction, a pathophysiolog-
ical condition not targeted by the endothelin system.

The current pain therapies are often inadequate and con-
traindicated in patients with CKD because of side effects that
cause kidney injury. Consistent with the incidence of pain
episodes in our study, non-neuropathic pain is more common
in patients with CKD, and these patients are more often
prescribed analgesics compared with those having neuro-
pathic pain.7 A registry study in the United States previously
reported that patients with CKD more frequently use neph-
rotoxins, including NSAIDs, than kidney protective drugs
1224
such as angiotensin-converting enzyme inhibitors and
angiotensin receptor blockers, highlighting the frequent use
of these nephrotoxins and the dilemma clinicians face when
managing these patients.39 In our cohort, 19.5% of patients
were using analgesics at entry into the trial supporting the
previously observed frequent use of analgesics and the need
for other effective medications to relieve pain. Importantly,
the effect of atrasentan on pain-related AEs was not explained
by the differential concomitant use of analgesics. In fact, the
reduction in the risk of pain with atrasentan was observed
despite more frequent initiation of pain medication over time
in the placebo group, which would be expected to relieve pain
and limit our ability to detect a beneficial effect of atrasentan.

This study should be interpreted in light of certain limi-
tations. First, the result from this post hoc analysis should be
interpreted as hypothesis-generating and is prone to chance
findings. Second, although double-blinded pain-related AE
and prescription data were available in the original data set,
pain was not a predefined outcome of interest and there may
be a reporting error as direct assessment of pain events using
pain scales or questionnaires was not available. The baseline
status of pain was not systematically assessed, and there may
be a measurement error. However, it is likely that any po-
tential measurement error is nonsystematic as the cohort was
randomized and followed in a double-blind fashion. Third,
we could not assess the use of over-the-counter acquired
analgesics. In addition, the decision to initiate analgesics such
as NSAIDs may be affected by the eGFR of the patient and not
only by the onset and severity of chronic pain. Lastly, because
the SONAR trial recruited carefully selected patients with type
2 diabetes and CKD, this limits the generalizability of our
results to the general population with type 2 diabetes and
CKD.

In conclusion, the endothelin receptor A antagonist atra-
sentan was associated with reduced pain-related events and
pain-related use of analgesics in carefully selected patients
with type 2 diabetes and CKD. Dedicated clinical trials are
necessary to elucidate and confirm possible benefits of
endothelin receptor antagonist treatment of pain manage-
ment in individuals with CKD.
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