P P "y AP

7%
university of :/g// 7
groningen 5L

%

University Medical Center Groningen

University of Groningen

Diuretic medication and change in fluid retention biomarkers during treatment with the
endothelin receptor antagonist atrasentan

Smeijer, J. David; Kohan, Donald E.; de Zeeuw, Dick; Heerspink, Hiddo J. L.

Published in:
Diabetes, Obesity and Metabolism

DOI:
10.1111/dom.15110

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):

Smeijer, J. D., Kohan, D. E., de Zeeuw, D., & Heerspink, H. J. L. (2023). Diuretic medication and change in
fluid retention biomarkers during treatment with the endothelin receptor antagonist atrasentan. Diabetes,
Obesity and Metabolism, 25(8), 2419-2422. https://doi.org/10.1111/dom.15110

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.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.


https://doi.org/10.1111/dom.15110
https://research.rug.nl/en/publications/501ef836-aa0f-47e5-a4ca-2a1b07eef88d
https://doi.org/10.1111/dom.15110

Received: 30 January 2023 Revised: 20 April 2023

Accepted: 23 April 2023

W) Check for updates

DOI: 10.1111/dom.15110

RESEARCH LETTER

WILEY

Diuretic medication and change in fluid retention biomarkers
during treatment with the endothelin receptor antagonist

atrasentan

J. David Smeijer MD1® |
Hiddo J. L. Heerspink PhD?

Donald E. Kohan MD?

| Dick de Zeeuw MD?! |

1Department of Clinical Pharmacy and Pharmacology, University of Groningen, Groningen, the Netherlands

2Division of Nephrology, University of Utah Health, Salt Lake City, Utah, USA

Correspondence

Hiddo J. L. Heerspink, PhD, Department of Clinical Pharmacy and Pharmacology, University of Groningen, Hanzeplein 1, PO Box 30 001, 9700 RB, Groningen, the

Netherlands.
Email: h.j.lambers.heerspink@umcg.nl

Funding information
Innovative Medicines Initiative, Grant/Award Number: 115974

KEYWORDS: clinical trial, diabetic nephropathy, endothelin receptor antagonist, heart failure

1 | BACKGROUND
Endothelin-1 is an endogenous peptide that has been implicated in
the progression of chronic kidney disease (CKD).? ET4 receptor inhibi-
tion with atrasentan reduced the risk of major clinical kidney out-
comes in patients with type 2 diabetes and CKD in the SONAR trial.?
However, ET, receptor antagonists (ERAs), including atrasentan, can
cause sodium and fluid retention, leading to oedema and possibly
heart failure.>* The nephron site(s) responsible for ERA-induced fluid
retention are uncertain. Collecting duct-specific knockout of ET,
receptors in mice prevented atrasentan-induced fluid retention, sug-
gesting involvement of the epithelial Na* channel (ENaC).® In addition,
endothelin-1 can inhibit proximal tubule Na*/H* exchanger-3 and
loop of Henle Na'/K"/2Cl~ co-transporter activity; while these
effects have been primarily ascribed to activation of the ETg receptor,
there is evidence that ET, and ETg receptors can interact.>® Thus,
ERA-induced fluid retention could potentially involve actions through-
out multiple segments of the nephron.®

To reduce the risk of fluid retention, the SONAR trial excluded
patients with a history of heart failure, recommended diuretic treat-
ment, and implemented a 6-week open label response enrichment

period prior to randomization to identify and exclude patients with

severe fluid retention in response to atrasentan.” Despite these
precautionary measures, there was a higher proportion of fluid
retention-related adverse events and a numerically higher incidence
of hospitalization for heart failure with atrasentan compared with pla-
cebo.? Different diuretic agents were used in the SONAR trial to man-
age fluid retention. However, it is unclear whether a particular class of
diuretics, targeting a specific nephron segment, more effectively miti-
gated atrasentan-induced fluid retention. We, therefore, performed a
post hoc analysis of the SONAR trial to firstly determine if diuretics
reduce body weight and increase haematocrit in response to ERA-
induced fluid retention. Secondly, we assessed and compared the
degree of fluid retention for patients using different classes of

diuretics.

2 | METHODS

We performed a post hoc analysis of the SONAR trial (ClinicalTrials.
gov identifier NCT01858532). The design, enrichment results and pri-
mary results of the SONAR trial, a randomized double-blind, placebo-
controlled clinical trial, have been published previously.?>¢ The trial
enrolled 5107 adults with type 2 diabetes and an estimated
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glomerular filtration rate (eGFR) between 25 and 75 mL/min per
1.73m? of body surface area, a urinary albumin creatinine ratio
(UACR) between 300 and 5000 mg/g, and a B-type natriuretic pep-
tide (BNP) not exceeding 200 pg/mL. All patients used a maximally
tolerated dose of angiotensin-converting enzyme inhibitor or
angiotensin-receptor blocker. The design of the SONAR trial included
a 6-week enrichment period, during which all patients received open-
label treatment with 0.75 mg/d atrasentan to identify atrasentan
‘responders’, defined as those who had a 30% or greater reduction in
UACR from start to end of response enrichment without substantial
fluid retention.

At each study visit, concomitant medication was recorded.
Records for initiation and cessation of diuretic concomitant medica-
tion were available at study visits. Diuretic agents of interest were
loop and thiazide diuretics, as these classes of diuretics were most
commonly prescribed for the management of oedema and heart fail-
ure.?2 We examined the effect of diuretic treatment on body weight,
BNP and haematocrit, as proxies for fluid retention, during the
6-week open-label response enrichment phase. Participating investi-
gators and participants were instructed to measure body weight using
the same device and circumstances. All laboratory variables, including
BNP and haematocrit, were measured in a central laboratory.

To address the first aim of this post hoc analysis, we investigated
patients who initiated diuretic treatment during the enrichment phase
and analysed the change in body weight and haematocrit before and
after initiation of diuretic medication using analysis of variance. Body
weight after initiation of diuretic medication was used as the depen-

dent variable, and the initiated class of diuretic medication (loop or

thiazide), age, sex, eGFR, UACR and race at baseline, as well as the
change in body weight before initiation of diuretic medication, as cov-
ariates. To address the second study aim, we compared the changes
in BNP, body weight and haematocrit among patients who were using
stable doses of a loop or thiazide diuretic or a combination of both
from baseline to the end of the enrichment phase, using analysis of
variance with age, sex, body weight, eGFR, UACR and race at baseline
as covariates. Finally, we calculated the changes in BNP, body weight
and haematocrit from randomization to 1 month of treatment in the
double-blind phase for the atrasentan and placebo treatment groups.
All analyses were performed with the software package ‘R, version
4.1.0. (R Foundation for Statistical Computing, Vienna, Austria).

3 | RESULTS

Among 5107 participants who started 6-week open-label treatment
with atrasentan, 4045 (79.2%) used diuretic medication at baseline of
the enrichment phase. Of those, 1514 patients used a loop diuretic,
1303 used a thiazide diuretic, and 93 used a combination of both a
loop and a thiazide diuretic in a stable dose throughout the enrich-
ment phase. Patients on a loop diuretic were more often White, had a
higher body weight and UACR, and had a lower eGFR compared with
patients on a thiazide diuretic (Table S1). In multivariable adjusted
analyses, there was no statistically significant difference in change in
fluid retention biomarkers between patients using a stable dose of a
loop or a thiazide diuretic, or a combination of both, during the

response enrichment period (Table 1).

TABLE 1 Change in surrogate biomarkers of fluid retention during the enrichment phase for patients with a stable diuretic dose
Biomarker Loop (n = 1514) Thiazide (n = 1303) Loop + thiazide (n = 93) Total (n = 2910)
BNP (% change) 6.9 (3.5, 10.5) 9.2(5.4,13.2) 2.0(-10.3,15.9) 7.8(5.2,10.4)
Haematocrit (% difference) —2.35(2.55) —2.33(2.59) —2.27 (2.09) —2.34 (2.56)
Body weight (kg difference) 0.5(1.5) 0.5(1.5) 0.3(1.7) 0.5(1.5)

Abbreviations: BNP, B-type natriuretic peptide; Loop, only loop diuretics; Thiazide, only thiazide diuretics; Total, all patients on a stable dose of loop,

thiazide or combination of both.

Phase Diuretic subgroup Abody weight (SD)
Before Total 1.8 (1.6)

Loop 1.8(1.7)

Thiazide 1.5(1.5)
After Total —0.7 (1.5)

Loop —0.8 (1.5)

Thiazide -0.4(1.4)

TABLE 2 Change in body weight and

AHCT (SD) n . .
haematocrit before and after escalation

—2.55(2.29) 441 of diuretic medication during the

—2.58(2.32) 339 enrichment phase (EP).

—2.47 (2.24) 102

—0.18 (1.98) 441

—0.15 (2.01) 339

—0.27 (1.88) 102

Note: change in haematocrit not available for participants who started a diuretic around the second visit
of the EP, as there was no haematocrit measurement during the second visit. BNP was only measured
twice during the EP, which prevented measuring the change in BNP before and after starting diuretics.

Abbreviations: BNP, B-type natriuretic peptide; HCT, haematocrit; Loop, only loop diuretics; SD,

standard deviation; Thiazide, only thiazide diuretics.
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FIGURE 1
EP, enrichment phase

There were 441 patients who initiated diuretic medication
during the response enrichment period with available biomarker
measurements before and after initiation. Their baseline demo-
graphic and clinical characteristics are presented in Table S1B.
Among these patients, the mean body weight increase was 1.8
(standard deviation [SD] 1.6) kg prior to the start of diuretic
treatment. After the start of a diuretic, body weight decreased by
0.7 (SD 1.5) kg (Table 2, Figure 1). There was no significant dif-
ference in the change in fluid retention biomarkers between
patients who initiated a loop versus a thiazide diuretic (-0.8
vs. —0.4 kg, P = .086).

Among 2120 participants on a stable dose of a loop or a thiazide
diuretic or a combination of both throughout the enrichment phase
who advanced to the double-blind phase of the clinical trial, the mean
body weight, haematocrit and BNP changes during the response
enrichment period were 0.5 (SD 1.5) kg, —2.5% (SD 2.5%) and 6.9%
(95% Cl 4.0%, 9.9%), respectively. These proxies of fluid retention
were reversed among patients who transitioned to placebo at ran-
domization, but persisted in those who continued atrasentan. Specifi-
cally, 1 month after randomization, body weight decreased by 0.8
(SD 1.6) kg in the placebo group, with no differences between
patients using loop or thiazide diuretics (Table S2). By contrast, body
weight decreased by 0.1(SD 1.4) kg in the atrasentan group
(Table S2). Similarly, patients who transitioned to placebo had a 1.9%
(SD 2.9%) increase in haematocrit and a 4.3% (95% Cl —8.5%, 0.1%)
decrease in BNP, without clear differences between the two diuretic
subgroups, while patients who continued atrasentan had a 0.1%
(SD 2.4%) decrease in haematocrit and 3.6% (95% Cl —0.6%, 7.8%)

increase in BNP 1 month after randomization.

Time

Change in body weight (left) and haematocrit (right) before and after initiation of diuretic medication during the enrichment phase.

4 | CONCLUSIONS

This post hoc analysis compared changes in biomarkers for fluid reten-
tion in participants using different classes of diuretic agents during
treatment with the ET, receptor antagonist atrasentan during the
SONAR trial.

Loop and thiazide diuretics are frequently used in patients with
CKD, with loop diuretics recommended in patients with more
advanced kidney disease. As expected, patients with more advanced
CKD, reflected by a lower eGFR, higher UACR and lower haemoglo-
bin, were more frequently using loop compared with thiazide
diuretics. However, after accounting for differences in patient charac-
teristics between patients using loop and thiazide diuretics, we did
not observe a significant difference in fluid retention biomarkers
between patients stably using these two classes of diuretic agents.
Escalation of diuretic treatment during the enrichment phase was
accompanied by a marked reversal in weight gain and haematocrit
change. Fluid retention in response to atrasentan was reversed during
the first month of the double-blind phase in patients who transitioned
to placebo.

Interestingly, another post hoc analysis of the SONAR trial
showed that combination of an ERA with a sodium-glucose co-
transporter-2 inhibitor (SGLT2i), a kidney protective drug with diuretic
properties, may mitigate atrasentan-induced fluid retention, while fur-
ther lowering albuminuria.” Several studies on ERAs in combination
with SGLT2is for patients with CKD are ongoing, for example, the
ZENITH trial (NCT04724837). These and other prospective studies
are required to assess which diuretic management regimen is the most

effective in minimizing ERA-induced fluid retention.
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A limitation of this post hoc analysis was the inability to assess
the effect of ENaC inhibitors on atrasentan-induced fluid retention
because very few patients in SONAR used amiloride or triamterene
during the enrichment phase. Noteworthily, peroxisome proliferator-
activated receptor y (PPARy) agonists (although excluded in the
SONAR trial) cause fluid retention that is attributed to ENaC activa-
tion®; a study with the PPARy agonist rosiglitazone showed that
potassium-sparing diuretics targeting ENaC were effective in reducing
fluid retention during treatment.” Second, we used proxies for fluid
retention but did not assess fluid status by gold-standard measure-
ments. Finally, patient enrolment in the SONAR trial commenced in
2013 and few patients were using SGLT2is, the current guideline-
recommended treatment for patients with type 2 diabetes and
CKD.*°

In conclusion, the shift from weight gain to weight loss after the
start of diuretic medication suggests a clear short-term beneficial
effect of diuretics on fluid balance during atrasentan treatment, with-
out evidence for either loop or thiazide diuretics having a superior
effect on fluid retention.
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