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ABSTRACT

Introduction Chronic kidney disease (CKD) is associated
with significantly increased morbidity and mortality. No
specific treatment of the underlying condition is available
for the majority of patients, but ACE-inhibitors (ACE-I) and
angiotensin lI-receptor blockers (ARB) slows progression
in albuminuric CKD. Adding a mineralocorticoid receptor-
antagonist (MRA) like spironolactone has an additive
effect. However, renin—angiotensin—aldosterone system
(RAAS)-blockade increases the risk of hyperkalaemia
which is exacerbated by the presence of CKD. Thus,
hyperkalaemia may prevent optimal use of RAAS-blockade
in some patients.

This project hypothesises that adding a potassium binder
(patiromer) allows for improved RAAS-blockade including
the use of MRA, thereby reducing albuminuria in patients
with albuminuric CKD where full treatment is limited by
hyperkalaemia.

If successful, the study may lead to improved treatment
of this subgroup of patients with CKD. Furthermore, the
study will examine the feasibility of potassium binders in
patients with CKD.

Methods and analysis An open-label, randomised
controlled trial including 140 patients with estimated
glomerular filtration rate (€GFR) 25-60 mL/min/1.73m?,
a urinary albumin/creatinine ratio (VACR) >500mg/g

(or 200 mg/q if diabetes mellitus) and a current or two
previous plasma-potassium >4.5 mmol/L. Patients who
develop hyperkaliaemia >5.5 mmol/L during a run-in
phase, in which RAAS-blockade is intesified with the
possible addition of spironolactone, are randomised to
12-month treatment with maximal tolerated ACE-I/ARB
and spironolactone with or without patiromer.

The primary endpoint is the difference in UACR measured
at randomisation and 12 months compared between the
two groups. Secondary endpoints include CKD progression,

Strengths and limitations of this study

» This study uses a robust randomised controlled de-
sign, investigating if patiromer, through increased
renin—angiotensin—aldosterone  system  (RAAS)-
blockade, can reduce albuminuria in patients with
chronic kidney disease (CKD) and hyperkalaemia.

» The selective run-in phase only allows randomisa-
tion of patients where RAAS-blockade is proven to
be limited by hyperkalaemia.

» A 1-year follow-up will examine long-term tolera-
bility of patiromer in CKD patients, testing if such a
treatment regimen is feasible.

» The limited sample size and 1-year follow-up that
does not allow for evaluation of ‘hard’ endpoints
such as time to renal death or decrease in estimated
glomerular filtration rate.

episodes of hyperkalaemia, blood pressure, eGFR, markers
of cardiovascular disease, diet and quality of life.

Ethics and dissemination This study is approved by The
Central Denmark Region Committees on Health Research
Ethics (REFNO 1-10-72-110-20) and is registered in the
EudraCT database (REFNO 2020-001595-15). Results will
be presented in peer-reviewed journals, at meetings and at
international conferences.

INTRODUCTION

Chronic kidney disease (CKD) is associated
with substantial comorbidity and mortality.'
No curative treatment is currently available
for the majority of patients, and current
interventions aim to halt or slow the natural
progression of the disease. Albuminuria is
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a well-established predictor of end-stage renal disease
(ESRD). The risk of progressing to ESRD is up to 75 times
higher among CKD patients with significant albuminuria
compared with patients without albuminuria.” Treatment
with inhibitors of the renin-angiotensin—-aldosterone
system (RAAS) such as ACE inhibitors (ACE-Is) or angio-
tensin II receptor blockers (ARBs) reduce albuminuria
in a dose-dependent manner.” Furthermore, treatment
slows CKD progression in both diabetic and non-diabetic
CKD.*® RAAS-blockade, in particular the use of ACE-I
or ARB, is considered first-line treatment in patients
with CKD and albuminuria. Evidence suggests that the
change in albuminuria correlates with the protection
provided and therefore serves as a surrogate marker of
disease progression.” 7 Other studies have shown that
reducing albuminuria in CKD patients lowers the cardio-
vascular risk.*"’ Cardiovascular risk can be assessed from
left ventricular hypertrophy, arterial stiffness (pulse wave
velocity (PWV) and central blood pressure, BP) and
blood biomarkers such as endothelin-1, N-terminal pro
b-type natriuretic peptide (NT-pro-BNP) and troponin I
(TnI). 11

Aldosterone is a regulator of BP through fluid and elec-
trolyte homeostasis. Evidence strongly support an addi-
tional, direct pathophysiological role for aldosterone in
the development of kidney and cardiovascular disease.
Mineralocorticoid receptor (MR) activation induces
inflammation, oxidative stress and fibrosis'® 7 and leads
to glomerulosclerosis and cardiac fibrosis."® ' This
increases the risk of kidney function decline, albumin-
uria and cardiovascular disease. Blood aldosterone levels
increase as estimated glomerular filtration rate (eGFR)
deteriorates, and CKD is considered a state of relative
hyperaldosteronism.”” *! RAAS blockade using ARB/
ACE-I insufficiently lowers the aldosterone level, and
plasma concentration typically rises after 6-12 months
of treatment; a phenomenon known as aldosterone
escape.”” MR-antagonists (MRAs) such as spironolactone
or eplerenone alone or in combination with ACE-I/ARB
reduce albuminuria by 25%-40%.% ** A large number of
studies have suggested renoprotective benefits of treat-
ment with MRA in CKD with persistent albuminuria. This
notion was emphasised by the recent FIDELIO-DKD trial.
The trial found that the addition of the MRA finerenone
to ACE-I/ARB treatment in patients with CKD, type 2
diabetes and albuminuria significantly reduced the risk
of renal outcomes and cardiovascular risk.*’

Despite inherent benefits, RAAS blockade may be
hampered by fear of hyperkalaemia. Severe hyperka-
laemia may cause life-threatening cardiac arrhythmias.*
CKD results in a reduced ability to excrete potassium
and patients are at significant risk of hyperkalaemia.?” %
Treatment with ACE-Is or ARBs as well as MRAs further
inhibits renal potassium excretion, augmenting the risk
of hyperkalaemia.” * Thus, high potassium levels often
limit the optimal use of RAAS blockade in many patients
with CKD.” Novel third generation nonsteroidal selec-
tive MRAs such as finerenone has a lower risk of causing

hyperkalaemia compared with older generation MRAs,
but the number of patients discontinuing treatment due
to hyperkalaemia is still 2.5-fold higher compared with
placebo.” Other ongoing clinical trials evaluating the
effect of ACE-I or ARB combined with MRAs in CKD
exclude patients with hyperkalaemia.'® Thus, patients
with CKD with hyperkalaemia may be barred from the
potential benefits of complete RAAS blockade including
MRA.

In recent years, novel potassium-binding agents have
been introduced. These include patiromer (Veltassa), a
non-absorbable sodium-free powder for oral use, which
binds potassium in the gastrointestinal tract, thereby
increasing faecal excretion and lowering plasma (P)
potassium.* Patiromer significantly lowers P-potassium in
patients with CKD.”" ** Several studies have proposed the
use of patiromer to allow for increased RAAS blockade in
patients with hyperkalaemia, CKD and suboptimal RAAS
blockade treatment.”® Hyperkalaemia may be addressed
through dietary restrictions, but these have limited effect,
a profound impact on patient’s lifestyle and freedom and
limit the intake of healthy fresh fruits and vegetables.”*

Aims and hypotheses
This trial aims to establish if the use of a potassium
binding agent (patiromer) in patients with moderate or
advanced CKD (eGFR 25-60mL/min/1.73 m2) leads to
a reduction in albuminuria by the concomitant intensi-
fied use of RAAS-inhibitors (losartan and/or spironolac-
tone). In secondary analyses, it will examine the effects
of this approach on markers of cardiovascular function,
dietary habits (including fruit and vegetable intake) and
quality-of-life as well as the potential risks; monitoring BP,
episodes of hyperkalaemia and renal function.

Thus, the study will address the hypotheses that treat-
ment with patiromer and intensified RAAS-blockade in
patients with eGFR 25-60 mL/min, albuminuria and a
tendency of high potassium levels leads to:

1. Asignificant reduction in albuminuria when compared
with patients in maximal RAAS-blockade as allowed by
their P-potassium levels without patiromer.

2. A significant reduction in albuminuria during treat-
ment.

3. Areduced PWV and left ventricular mass (LVM) along
with improvement in blood biomarkers of cardiovascu-
lar function.

4. An increased intake of healthy foods and higher qual-
ity of life.

METHODS AND ANALYSIS
The MorphCKD study is an investigator-initiated, multi-
centre, open-label, parallel group, superiority randomised
controlled trial (RCT). Randomisation is performed as a
block randomisation with 1:1 allocation.

The study will include patients from the outpatient
clinics at the renal departments in Aarhus, Aalborg, Hols-
tebro and Viborg, Denmark. The primary site, Aarhus,
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Figure 1

Flow chart of the trial design. ABPM, ambulatory blood pressure monitoring; PWA, pulse wave analysis; PWV, pulse

wave velocity; RAAS, renin angiotensin aldosterone system; UACR, urine albumin/creatinine ratio.

will also include patients from the diabetes outpatient
clinic and within the hospital public admission area (see
under ‘recruitment’).

The study is divided into a run-in phase of 2-8 weeks,
followed by randomisation to a treatment phase involving
52 weeks of treatment with or without patiromer (see
figure 1). The run-in phase will determine if maximised
RAAS-blockade, including treatment with an MRA, leads
to clinically significant hyperkalaemia (>5.5mmol/L)
despite dietary counselling, thereby identifying the
patients that may benefit from treatment with patiromer
who qualify for randomisation to the treatment phase.

Participants
A total of 140 patients fulfilling the eligibility criteria
below will be included.

Inclusion criteria
1. Age 18-80.

2. eGFR 25-60mL/min/1.73m”

3. Current P-potassium >4.5mmol/L or P-
potassium >4.5mmol/L twice within 24 months.

4. Urine albumin-creatinine ratio (UACR) >500mg/g or
200mg/g and diabetes.

A lower UACR threshold for patients with diabetes is
based on international guidelines suggesting a more
aggressive approach when treating albuminuria in this
group of patients,” in which the renoprotective effects of
treating lower levels of albuminuria is well documented.™

Exclusion criteria
1. Known allergies to both ACE-I and losartan or spi-
ronolactone or patiromer.
2. A history of kidney transplantation or active on the
waiting list.
3. ESRD (defined as the need for dialysis or kidney
transplantation).
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4. Any renal disease requiring or being expected to re-
quire specific immunosuppressive therapy for the du-
ration of the trial.

. Pregnancy or inability to use contraception.

. Regular need for trimethoprim or NSAIDs.

. Current treatment with aliskiren.

. Disseminated cancer disease.

. Addison’s disease.

. HF defined as ejection fraction <40% or active treat-
ment at a HF clinic or similar.

11. Porphyria.

12. Severe constipation with a regular use of laxatives or

previous recurrent ileus.

13. Fructose/galactose-intolerance.

14. Severe liver insufficiency (Child-Pugh Score B-C).

15. Clinically significant severe renal artery stenosis.

16. Investigator’s evaluation that participation in the tri-
al may cause serious harm to the patient (eg, previ-
ous severe acute kidney injury (AKI) in relation to
RAAS-blockade).

17. Initiation of an SGLT2-inhibitor within 30 days prior
to inclusion.

S © 3O Ot

Interventions and randomisation

Dietary counselling to limit potassium intake is provided

atinclusion. Patients not treated with ACE-I/ARB at inclu-

sion will commence losartan 50mg/day for the run-in
phase (step 1 below). Patients already treated with ACE-1/

ARB will continue this treatment at the current dose with

the addition of an MRA (starting at step 3 below). Based

on tolerability, RAAS-blockade is increased in four steps:

1. Losartan 50 mg/day.

2. Losartan 100 mg/ day.

3. Losartan 100 mg/day or current ACE-I/ARB+spirono-
lactone 25 mg/ day.

4. Losartan 100mg/day  or
ARB+spironolactone 50 mg/day.

Blood samples and home BP monitoring will be
performed 1-2 weeks after each dose change and the
patient is contacted by phone to record home BP and to
inform about blood results. Tolerability is evaluated by
P-potassium, creatinine, BP and side effects. The dose of
losartan or spironolactone is reduced to the previous step
and the patient proceeds to randomisation if P-potassium
is >b.bmmol/L.

Patients that reach step four without significant hyper-
kalaemia are excluded from the study.

Patients completing the run-in phase with an
episode of significant hyperkalaemia (>5.5mmol/L),
a UACR >300mg/g or 150mg/g and diabetes, a most
recent P-potassium >4.0mmol/L and no other contra-
indications (eg, AKI) to continued and increased RAAS-
blockade are randomised to open-label treatment in one
of two regimens:

1. Patiromer  with  stepwise  dose-increase/dose-
decrease with increased RAAS-blockade in addition
to standard clinical care and dietary counselling.
Patiromer will be dosed based on P-potassium and

current

ACE-1/

tolerability until maximal RAAS-blockade with
P-potassium <5.5 mmol/L.

2. No patiromer (control group) with standard clinical
care, dietary counselling and maximal RAAS-blockade
with P-potassium <5.5 mmol/L.

The lower threshold for albuminuria at randomisa-
tion compared with baseline is used to allow for some
reduction of albuminuria resulting from the increase in
RAAS-blockade during the run-in phase. Permuted block
randomisation with random varying block sizes of 2, 4 and
6 is used to allocate patients to the patiromer- or control
group at a 1:1 ratio, stratified by albuminuria >1000mg/g
(yes/no) and diabetes (yes/no). These stratifications
have been included to minimise imbalances in patients
with diabetes or severe albuminuria as such may have
a different pathophysiology and thereby response to
treatment compared with non-diabetics and patients
with moderate albuminuria. The random allocation list
is generated and uploaded to REDCap, a secure online
database used for the electronic case report form, by an
independent service provider (Clinical Trial Unit, Dept.
of Clinical Medicine, Aarhus University) maintaining
proper allocation concealment of randomisation.

After randomisation, patients are followed for up to 52
weeks with blood sampling and outpatient visits every 3
months and allowing for additional visits if considered
clinically required based on the assessment of the local
investigator.

The dose of study drugs (RAAS-blockade) is deter-
mined by the four steps previously described, aiming at
the possible highest step with a P-potassium <5.5 mmol/L.
Dose increases are only allowed on planned consulta-
tions (phone or outpatient clinic), but decreases may
be introduced at any point depending on the results of
blood test, BP or other adverse effects. In the patiromer
group, patiromer is prescribed as tolerated at a daily dose
of 8.4g, 16.8g or 25.2g in order to maintain P-potas-
sium <56.5mmol/L. The dosing of patiromer is increased
concomitantly with any increase in RAAS-blockade, unless
P-potassium is <4.6 mmol/L. RAAS-blockade is decreased
if hyperkalaemia >5.5mmol/L is recorded at the highest
tolerated patiromer dose.

All study drugs are stopped at the last outpatient visit
after 52 weeks. Patients entering the study on ACE-I/ARB
will continue this treatment without patiromer. Blood
and urine samples are collected 4 weeks later for the
evaluation of eGFR, albuminuria and P-potassium after
discontinuation of study drugs.

Additional medication

Any inhibitors of the RAAS-system other than those
mentioned above as well as additional potassium binders
are not allowed during the study period. Hypertension is
treated aiming at a systolic BP between 110 and 130 mm
Hg in both groups. All antihypertensives, except addi-
tional inhibitors of the RAAS-system, may be used as per
the discretion of the treating physician. Loop and thia-
zide diuretics may be prescribed for hypertension and/
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or fluid retention. Hypomagnesaemia is treated with
oral magnesium supplements. Study drugs including
losartan, spironolactone and patiromer can be reduced
or suspended depending on BP, hyperkalaemia as per
protocol or any side effects deemed to outweigh the
benefit of the treatment (eg, AKI, gastrointestinal intoler-
ance, biochemical abnormalities). SGLT2-inhibitors may
not be prescribed during the trial.

Endpoints

The primary endpoint is:

» The difference in UACR from randomisation to end
of treatment compared between the two groups. This
is measured as an average of two morning spot UACR
samples collected both at randomisation and at the
last study visit.

Secondary endpoints include:

» The difference in 24 hours urine albumin from rando-
misation to end of treatment compared between the
two groups.

» The difference in albuminuria (evaluated by morning
spot UACR and 24 hours urine collection) at the end
of treatment between the two groups.

» The difference in the extent of RAAS-blockade
(ACE-I/ARB and MRA) at the end of treatment
between the two groups.

» The difference in kidney function (eGFR and urine
creatinine clearance) at the end of treatment and the
changes in eGFR from randomisation to end of treat-
ment between the two groups.

» The difference in BP (ambulatory and 24hours) at
the end of treatment and the changes in BP from
randomisation to end of treatment between the two
groups.

» The difference in PWV/pulse wave analysis (PWA) at
the end of treatment and the changes in PWV/PWA
from randomisation to end of treatment between the
two groups.

» The difference in LVM (ECG) at the end of treatment
and the changes in LVM from randomisation to end
of treatment between the two groups.

» The difference in cardiac biomarkers at the end of
treatment and the changes in cardiac biomarkers
from randomisation to end of treatment between the
two groups.

» The difference in P-potassium at the end of treatment
between the two groups.

» The difference in the number of episodes with severe
hyperkalaemia (>6.2mmol/L) from randomisation to
end of treatment between the two groups.

» The difference in the number of episodes with AKI
(KDIGO stage 1-3) from randomisation to end of
treatment between the two groups.

» The difference in the questionnaire base assessment
of the consumption of fruits and vegetables at the end
of treatment and the changes in fruits and vegetables
consumption from randomisation to end of treatment
between the two groups.

» The difference in QoL at the end of treatment and
the changes in QoL from randomisation to end of
treatment between the two groups.

Sample size and power calculation

The study will include 140 patients under the assumption
that 30% will not meet randomisation criteria, leaving 98
participants (49 in each group) for randomisation. This
will provide 80% power to detect a clinically relevant 1.5-
fold greater reduction in the amount of albuminuria in
the patiromer group compared with the control group,
with a risk of type 1 error of 0.05 assuming an 80% coef-
ficient of variation in the change of UACR.* The study
will continue as long as the number of randomised partic-
ipants is expected to be no less than 55% (54 patients),
which will provide power to detect a 1.75-fold greater
reduction in the amount of albuminuria.

Recruitment

All patients from the renal outpatient clinics at the three
centres and all patients serviced by Aarhus University
Hospital (covering a population of approx. 900 000)
who have provided a blood sample within the last 2 years
are prescreened. The prescreening algorithm uses the
LABKA II database containing the result of all blood
samples analysed within the relevant regions and identi-
fies patients aged 18-80 with a history (within 2 years) of
P-potassium >4.5mmol/L, UACR >200mg/g and eGFR
925-60mlL/min/1.73m>. The resulting patient records
including blood samples are manually screened by a local
investigator. Potentially eligible patients are contacted
with the participant information by letter. In addition,
patients in the nephrology outpatient clinics in Aarhus,
Aalborg, Holstebro and Viborg and the diabetes outpa-
tient clinic in Aarhus are contacted in person at their
next appointment. After written informed consent they
are screened for inclusion including blood samples to
ensure that they meet the inclusion criteria at the time
of inclusion.

Data collection

The patient’s medical history including current treatment
is registered at inclusion. Patient height is measured at
inclusion and weight at every visit. A physical examina-
tion including vital signs are performed at inclusion,
randomisation and final visit. A urine sample for UACR
is collected at inclusion, twice at randomisation and
final visit for the primary outcome and at every 3-month
visit during the treatment phase. If possible, a morning
sample is preferred. Timed 24 hours urine samples are
collected at randomisation and 52 weeks. P- potassium,
creatinine, eGFR and sodium are measured at inclusion,
weekly during the run-in phase, during titration of RAAS-
blockade and every 3 months in the outpatient clinic.
P-total CO, and ionised calcium are measured at inclu-
sion, randomisation and every 3 month visit. P-magnesium
is measured at all visits during the maintenance phase in
the patiromer group. Cardiac biomarkers (Endothelin-1,
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0
Inclusion Randomisation/
Timeline (weeks) -8 -6 -4*  -2* (exclusion) 2 4 13 26 39 52 56
Study phase Run-in phase Maintenance phase

Increased RAAS-blockade >

Assesments

Informed consent

x

Medical record

x

Weight

x
x
x
x
x
x

x
x
x
x
x
x
x
x
x
x
x
x

P-Creatinine, eGFR, P-potassium, P-
sodium

x
x
x
x
x
x
x

P-total CO,, P-ionised Calcium

24 hours ABPM

x
x

UACR

x
x
x
x
x
x
x
x
x
x
x

Questionnaire — SF-36%°

x
X

Carotenoids and C-vitamin

x
x

PWA/PWV

x
x

x
x

Endothelin-1, NT-pro-BNP and Tnl

Type of visit

Outpatient clinic X X (X) X X X X

*Only If RAAS-blockade has been increased. During the run-in phase, the patient proceeds directly to randomisation if P-potassium >5.5mmol/L.
ABPM, ambulatory blood pressure monitoring; BpTRU, An automatic blood pressure monitor set to average the last 5 of 6 blinded blood pressures
with 2 minute intervals; eGFR, estimated glomerular filtration rate; NT-pro-BNP, N-terminal pro b-type natriuretic peptide; PWA, pulse wave analysis;
PWV, pulse wave velocity; RAAS, renin—-angiotensin-aldosterone system; SF-36, 36-Item short form health survey; Tnl, troponin I; UACR, urine
albumin/creatinine ratio.

NT-proBNP and Tnl), ECG, blood samples evaluating ~ ABPM are all performed at randomisation and 52 weeks.
biomarkers of fruit and vegetable consumption (lutein, Please refer to table 1 for a timeline of data collection.

B-cryptoxanthin, a-carotene and B-carotene, lycopene Questionnaires and food diaries may be filled in online
and vitamin C»), PWV and PWA as a measure of arte-  prior to the visit using REDCap or the Myfood24 website.
riosclerosis, 36-item short form health survey (SF-36"") An invitation with a unique link is sent to the patient
measuring QoL, MyFood24* food diaries and 24hours  via email. Alternatively, they are completed with the

(=]
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assistance of the investigator on the day of the visit. Vital
signs are measured using BpTRU, an automatic blood
pressure monitor set to average the last 5 of 6 blinded
blood pressures, or equivalent at every visit and with an
automatic digital BP monitor at home for phone consul-
tations. Pill counts are done at every visit to assess compli-
ance. Patients are asked if and to what extent they have
taken the study drugs at all contacts. Adherence tech-
niques such as morning routines and medication in rela-
tion to meals are discussed if required.

Blood and urine biochemical analyses are performed at
local biochemical laboratories using standard automated
assay. Reference intervals have been standardised on a
national level and all Danish laboratories use these for
reference. The UACR at randomisation and final visit is
calculated as an average of 2 measurements over 2days
at each time point to minimise variability.*' The patient
is carefully instructed to provide morning urine samples.
Urine collection, including 24hours urine collection, is
performed by the patient at home prior to the randomi-
sation and 12-month-visit. PWV and PWA are measured
using the Sphygmocor system. Applanation tonometry
is applied on the carotid, femoral, and radial artery.
A minimum operator index of 85 is used. Length is
measured as 80% of the distance from the carotid artery
to the femoral artery. Home BP is measured three times
in the morning and evening for 3 days. An average of day
2 and 3 is reported. Twenty-4 hour ABPM is recorded with
measurements every 30 min. ECG is recorded by an expe-
rienced nurse. Each centres’ personnel will be trained
and instructed in all study procedures by the study prin-
cipal investigator (PI).

Data management

Study data, including adverse events (AE) and serious
AEs/reaction, will be collected and managed using
REDCap electronic data capture tools hosted at Aarhus
University.” ** All data are entered electronically by the
local investigator at each site. Original data is stored in
the patients’ electronic records or in a participant file.
Participant files are stored in a secure place and kept for
15 years after end of study. Data will be exported from
RedCap for final analysis using a suitable statistical soft-
ware package.

Statistical methods

The primary endpoint is analysed using a t-test
comparing the differences in UACR between rando-
misation and 12 months between the two groups. The
ratio between groups with confidence intervals and the
p value will be reported. A secondary two-way repeated
measures ANOVA including UACR at randomisation,
3, 6, 9 and 12 months is performed and the P value is
reported. The data are analysed as intention to treat
with a secondary treated-as analysis. A separate t-test will
compare the difference in UACR from randomisation to
the time patiromer is discontinued. Data from patients
discontinuing treatment before 12 months of follow-up

is included using carry-over of the last available dataset
before stopping. Missing data for the primary endpoint
will be replaced by the most recent observation carried
over. Previous studies have shown that most of the effect
of increased RAAS-blockade on albuminuria is seen early
after treatment initiation with little change thereafter,
suggesting that the UACR at the closest possible time
point is a fair proxy measure of the 12 month value. Impu-
tations may be applied for secondary analyses if feasible.
All variables are analysed for normal distribution and
skewed data are log-transformed when appropriate. Non-
normally distributed variables on both the standard-scale
and log-scale are analysed using non-parametric testing.
Repeated measurements are analysed by a linear model
when feasible.

Safety measures

AEs, defined as any medical occurrence in a trial partic-

ipant without regard to the possible cause, are collected

from when the consent has been signed and until final
visit. Participants are asked about any new such events
at each contact and will fill out a questionnaire at each
outpatient clinic visit. Serious AEs will be reported directly
to the PI and sponsor. Investigators will evaluate any AEs
possible relation to study drugs based on temporal rela-
tionship, known mechanism of action and known side
effects for classification of adverse reactions.

The following individual safety outcomes are evaluated
by the investigator at each contact:

1. A decline in eGFR >30% from inclusion, 20% from
previous visit or 5mL/min/1.73 m? from previous visit
if eGFR <25 ml.,/min/1.73m? should lead to a tempo-
rary reduction or discontinuation of spironolactone
and/or ACE-I/ARB (Losartan or other).

2. An increase in P-creatinine >100% from the previous
visit, the possible need for acute dialysis or other find-
ings suggesting severe AKI leads to admittance for
treatment.

3. If P-potassium is >5.5mmol/L on maximal patiromer
dose, RAAS-blockade is reduced by 50% or spironolac-
tone is discontinued. P-potassium is repeated within
2days or as soon as possible.

4. If P-potassium is >5.9mmol/L, ACE-I/ARB and spi-
ronolactone are temporarily discontinued. P-potassium
is repeated within 1 day.

5. If P-potassium is >6.2mmol/L, the patient is admit-
ted and treated in accordance with local guidelines.
ACE-I/ARB and spironolactone are temporarily dis-
continued.

6. If P-magnesium is <0.6mmol/L, the patient is treated
with oral magnesium supplements as per discretion
of the local investigator and P-magnesium is repeated
within 7-10 days.

7. If P-magnesium is <0.5mmol/L despite maximal tol-
erated magnesium supplement treatment, patiromer
is discontinued and p-magnesium is repeated within
2 days.
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In case of events 1-5 above, RAAS-blockade may the
reinitiated at the previous dosage if and when kidney
function is restored and/or P-potassium <5.4mmol/L
following discontinuation or dose reduction of the RAAS
inhibitor.

The study is halted if at any point a significant higher
number of the following events are observed in patiromer
group compared with the control group:

1. Events with hyperkalaemia >6.2 mmol/L.

2. Patients with eGFR <15mL/min/1.73m? or requiring
dialysis for >3 months.

3. Deaths.

4. Admissions (except events due to hyperkalaemia, cov-

ered in point 1).

5. A combined endpoint of the four above.

These outcomes will be evaluated by the PI after each

such event using Fischer’s exact test.

Study oversight and monitoring

The study is monitored by the Good Clinical Practice
unit at Aarhus and Aalborg University Hospitals. It does
not include an independent data monitoring committee
due to the open label design, limited number of sites and
continuous monitoring of significant safety outcomes
as described above. Any systematic or serious risk to the
participants will be immediately apparent to the PI and
sponsor. The study may be audited by the Danish Medi-
cines Agency. Safety reports are forwarded to the Danish
Medicines Agency and The Central Denmark Region
Committees on Health Research Ethics annually.

Patient and public involvement statement

Participants were involved in changes to the design of
the study. They preferred less transportation and fewer
hospital visits. From their feedback, some visits were
replaced by phone consultations and blood sampling
prior to most visits was made possible at 28 local sites
across the Central Denmark Region. Once the trial has
been published, participants will be informed of the
results via email using the REDCap distribution tool.

Current trial status

The first participant was included in the study late August
2020 and is planned to continue until March 2022. At the
time of writing (August 2021), 56 participants have been
included and 14 have been randomised to the treatment
phase. Enrolment was halted from December 2020 due
to the lockdown following COVID-19 in Denmark but was
resumed in March 2021.

ETHICS AND DISSEMINATION

The study protocol was initially approved by The Central
Denmark Region Committees on Health Research Ethics
(REFNO 1-10-72-110-20) on 23 June 2020 with the latest
version being approved on 1 July 2021 and by the Danish
Medicines Agency on 10 June 2021. The research will be
conducted in accordance with the Helsinki Declaration

and Good Clinical Practice. All protocol amendments will
be approved by the Ethics Committee and Danish Medi-
cines Agency before implementation when required and
all investigators will be notified directly.

A local investigator will obtain a written, informed
consent from all participants prior to inclusion. The
consent form follows the standards and template from the
Danish National Committee on Health Research Ethics.

All principal investigators and sponsor will have access
to the cleaned dataset.

Trial results, positive as well as negative, will be
submitted for publication in peer reviewed, international
journals and presented at conferences and meetings.

DISCUSSION

This study investigates the feasibility of daily treatment
with an established potassium-binding agent in moderate
and severe CKD patients with albuminuria. It will examine
if treatment enables increased RAAS-blockade and leads
to a greater decline in albuminuria. Previous studies have
shown that patiromer allows for the use of spironolactone
in patients with CKD with hyperkalaemia®; however, it is
unknown if the approach leads to an effect on albumin-
uria in this distinct group of patients. The study aims to
fill this gap in current knowledge.

The open-label study design should closely mimic
the clinical decision making and the delicate task of
balancing hyperkalaemia and renoprotection. This will
provide information on the practicability and potential
benefits of such an approach in patients with hyper-
kaliemia otherwise barred from full pharmaceutical
blockage of the RAAS-system. Of note, the study includes
a l-year follow-up to examine potential complications to
long-term treatment including non-adherence, hypoten-
sion, AKI and other adverse effects. Additional strengths
of the study include the extensive list of outcomes and
the RCT design. Furthermore, the unique and selective
run-in phase only allows randomisation of patients that
are proven to potentially benefit from treatment with a
potassium binder, which should be in accordance with
clinical practice. In addition, since all included interven-
tions involves established and approved drugs, the road
to implementation ought to be short.

There are some potential limitations and challenges.
First, the small sample size and l-year follow-up does
not allow for evaluation of harder renal endpoints such
as progression to ESRD or a 50% reduction in eGFR.
However, albuminuria is a widely accepted surrogate
marker of disease progression in albuminuric CKD. In
addition, it is closely correlated to the protective effects
of RAAS-blockade. Second, the study is not powered to
detect minor differences in the change in albuminuria;
however, it will be able to identify a 1.5 times greater
reduction in UACR. Third, the 1-year follow-up may chal-
lenge patient adherence to treatment. Fourth, patients
already treated with ACE-I or ARB may be on a submax-
imal dose of these medications when Spironolactone is
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added as per protocol to their current treatment. This was
considered necessary to avoid the complexity of either
having to manage a large number of different ACE-Is
or ARBs as potential study drugs or requiring an initial
switch to for example, Losartan, which may increase the
duration of the run-in phase significantly and thus, the
risk of early participant drop out. Fifth, the open-label
design may introduce selection bias in physicians’ use
of non-investigational drugs. Standard operating proce-
dures on concomitant treatment, including instructions
for the use of diuretics, are established to mitigate such
bias. The open-label design does provide some potential
benefits, allowing for a setup that closely resembles clin-
ical practice and for a more practical safety algorithm to
prevent potentially life-threatening hyperkalaemia. The
primary outcome is based on biochemical findings. It is
very unlikely that this is affected by the open-label design.

The power calculations are based on the number of
randomised patients after the run-in phase. It is assumed
that 30% of the included patient will not be eligible for
randomisation; however, the accuracy of this number
has not been established and thus, the number of actual
randomised patients may be different. The extensive
screening algorithm, which is based on results from blood
samples in all four outpatient clinics and the entire Aarhus
University public admission area, will however ensure
that all eligible candidates are invited to the study. This
is particularly important as the number of patients with
an eGFR between 25 and 60 mL/min/1.73 mQ, concomi-
tant and significant albuminuria, and previous or current
P-potassium >4.5mmol/L may be limited.

The study is partly based on the assumption that
adding MRA to ACE-I/ARB treatment in this subgroup of
patients is beneficial if hyperkalaemia can be controlled,
supported by the recent results of the FIDELIO-DKD
trial%; however, the underlying principle is also appli-
cable to patients in which maximal dosing of ACE-I or
ARBs is barred by hyperkalaemia. If this study establishes
the feasibility of such approach, it should pave the way for
larger studies with hard endpoints to corroborate the use
of potassium binders in patients currently excluded from
maximal RAAS-inhibition.
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