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Abstract

Aims Several patients with heart failure and reduced ejection fraction (HFrEF) do not receive renin–angiotensin–aldosterone
system (RAAS) inhibitors at the recommended dose or at all, frequently due to actual or feared hyperkalaemia. Sodium zirco-
nium cyclosilicate (SZC) is an orally administered non-absorbed intestinal potassium binder proven to lower serum potassium
concentrations.
Methods and results PRIORITIZE-HF was an international, multicentre, parallel-group, randomized, double-blind,
placebo-controlled study to evaluate the benefits and risks of using SZC to intensify RAAS inhibitor therapy. Patients with
symptomatic HFrEF were eligible and randomly assigned to receive SZC 5 g or placebo once daily for 12 weeks. Doses of study
medication and RAAS inhibitors were titrated during the treatment period. The primary endpoint was the proportion of pa-
tients at 12 weeks in the following categories: (i) any RAAS inhibitor at less than target dose, and no MRA; (ii) any RAAS in-
hibitor at target dose and no MRA; (ii) MRA at less than target dose; and (iv) MRA at target dose. Due to challenges in par-
ticipant management related to the COVID-19 pandemic, the study was prematurely terminated with 182 randomized
patients. There was no statistically significant difference in the distribution of patients by RAAS inhibitor treatment categories
at 3 months (P = 0.43). The proportion of patients at target MRA dose was numerically higher in the SZC group (56.4%) com-
pared with the placebo group (47.0%). Overall, SZC was well tolerated.
Conclusions PRIORITIZE-HF was terminated prematurely due to COVID-19 and did not demonstrate a statistically significant
increase in the intensity of RAAS inhibitor therapies with the potassium-reducing agent SZC compared with placebo.
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Introduction

Heart failure with reduced ejection fraction (HFrEF) continues
to be a major cause of mortality, hospitalization, and im-
paired quality of life despite advances in its management.
These issues are compounded by the increase in prevalence
and incidence of heart failure globally.1 Renin–angiotensin–
aldosterone system (RAAS) inhibitors, including angiotensin-
converting enzyme inhibitors (ACEi), angiotensin receptor

blockers (ARB), and mineralocorticoid receptor antagonists
(MRA) unequivocally reduce the risk of death and hospitaliza-
tion in patients with HFrEF. Treatment guidelines recommend
the administration of an ACEi, ARB or angiotensin receptor,
and neprilysin inhibitor (ARNI), as well as an MRA, to patients
with heart failure and a left ventricular ejection fraction
(LVEF) less than 40%, and more recently, this recommenda-
tion has been extended to patients with a mildly reduced
ejection fraction between 40% and 50%.2,3 Unfortunately, a
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sizeable proportion of patients do not receive RAAS inhibitors
at the recommended dose or at all, frequently due to actual
or feared hyperkalaemia.4,5

Renal function often declines with heart failure, and the
ensuing decrease in glomerular filtration rate leads to a re-
duction in potassium excretion. In addition, many commonly
used treatments for HFrEF, including ACEi, ARB, and MRA,
predispose patients to hyperkalaemia by decreasing aldoste-
rone production or interfering with its effect, which reduces
potassium excretion. Hyperkalaemia occurs in at least 12%
of patients treated for heart failure, and the risk is higher in
those with comorbidities such as advanced chronic kidney
disease and diabetes.6 Hyperkalaemia is associated with a
higher risk of cardiovascular death in patients with heart fail-
ure, including the risk of sudden death. Even mild elevations
of serum potassium are associated with higher mortality, but
a causal relation remains to be established.7,8

Sodium zirconium cyclosilicate (SZC) is an orally adminis-
tered non-absorbed intestinal potassium binder proven to
lower serum potassium concentrations.9 SZC exchanges po-
tassium for sodium and hydrogen in the intestinal lumen.
As SZC is an efficacious treatment of hyperkalaemia, it may
facilitate treatment with RAAS inhibitors in patients unable
to receive these agents (or where there is concern about pre-
scribing them) and allow dose optimization. We conducted
the Potassium Reduction Initiative to Optimize RAAS Inhibi-
tion Therapy With Sodium Zirconium Cyclosilicate in Heart
Failure (PRIORITIZE-HF) study to assess whether SZC would al-
low RAAS inhibitors to be initiated (in the case of an MRA)
and safely uptitrated to target doses without inducing clini-
cally significant hyperkalaemia.

Methods

Trial design

This was an international, multicentre, parallel-group, ran-
domized, double-blind, placebo-controlled Phase 2 study to
evaluate the benefits and risks of using SZC to intensify RAAS
inhibitor therapy in patients with heart failure under-treated
with an ACEi, ARB or ARNI, and MRA, without inducing clini-
cally significant hyperkalaemia. The trial protocol was de-
signed by the study executive committee in conjunction with
the sponsor, AstraZeneca, who funded the trial. The protocol
was approved by the institutional review board at all centres
involved in the nine countries that participated in the trial
(NCT03532009).

The sponsor was responsible for all study support activities
including project coordination, data management, site
monitoring, and statistical analyses. All patients provided writ-
ten informed consent. The randomization list was computer-
generated by an unblinded biostatistician and uploaded in

the interactive response system. The database was a validated
electronic data capture system (eCRF) using InForm 6.0 pro-
vided by Oracle. All eCRF users were trained as per comple-
tion guidelines, and the data entry was performed by the
study staff. The data cleaning activities were performed as
per the data management plan. The trial was overseen by a
data monitoring committee of independent experts. The
study medication and matching placebo were provided by
the study sponsor.

The first author (J. C. T.) prepared the first draft of the
manuscript; all members of the executive committee had full
access to the generated statistical analyses and made the de-
cision to submit the manuscript for publication. All authors
assume responsibility for the accuracy and completeness of
the data and analyses and for the fidelity to the protocol.

Trial population

Adult women (practicing adequate contraception and
with a negative pregnancy test at baseline, or without
child-bearing potential) or men were eligible if they had a
documented diagnosis of symptomatic HFrEF [New York
Heart Association (NYHA) functional Class II to IV] that had
been present for at least three months, a LVEF equal to or
less than 40% within the past 12 months, were receiving
background standard of care and treated according to locally
recognized guidelines with both drugs and devices as appro-
priate. Treatment with RAAS inhibitors and a beta-blocker
had to be stable for at least four weeks before randomiza-
tion. Patients needed to be treated with an ACEi, ARB or ARNI
to be eligible for enrollment. Participants could either be tak-
ing a low dose of spironolactone or eplerenone (less than or
equal to 12.5 mg once daily or 25 mg every other day) or not
receiving an MRA. If patients were taking a low dose of MRA,
the rationale had to be that the patient could not tolerate a
higher dose due to documented hyperkalaemia observed at
higher doses.

At baseline, patients were required to have mild
hyperkalaemia or be at risk of developing hyperkalaemia dur-
ing the study defined as follows: estimated glomerular filtra-
tion rate (eGFR) 20 to 44 mL/min/1.73 m2 [calculated using
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation] and serum potassium concentration be-
tween 4.0 and 5.5 mmol/L, or eGFR 45 to 59 mL/min/
1.73 m2 and serum potassium between 5.1 and 5.5 mmol/L,
or eGFR 45 to 59 mL/min/1.73 m2 and serum potassium con-
centration between 4.0 and 5.0 mmol/L, and prior docu-
mented serum potassium concentration higher than
5.0 mmol/L attributed to use of a RAAS inhibitor.

Patients were excluded if they had heart failure due to re-
strictive cardiomyopathy, active myocarditis, constrictive
pericarditis, obstructive hypertrophic cardiomyopathy, or un-
corrected primary valvular disease; acute decompensated
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heart failure within 4 weeks prior to enrolment; acute coro-
nary syndrome, stroke, or transient ischaemic attack within
12 weeks prior to enrolment; coronary revascularization or
cardiac valvular intervention performed within 12 weeks
prior to enrolment or planned after randomization; implanta-
tion of a cardiac resynchronization therapy device or cardiac
defibrillator within 12 weeks prior to enrolment or intent to
perform such procedure; previous cardiac transplantation or
implantation of a ventricular assist device, or transplantation
or implantation expected after randomization; symptomatic
bradycardia or second-degree (Mobitz Type 2) or
third-degree heart block without a pacemaker; symptomatic
hypotension or systolic blood pressure less than 95 mmHg
on two consecutive measurements; receiving dialysis or
anticipated to require such therapy during the study; prior
history of hypersensitivity to a RAAS inhibitor; hypo-
aldosteronism; active malignancy requiring treatment; any
condition outside cardiovascular and renal diseases with a life
expectancy of less than 2 years; treatment with any potas-
sium binding resin within 7 days prior to the first dose of
study medication; treatment with potassium supplements
within 7 days prior to randomization; family history of long
QT syndrome, presence of cardiac arrhythmias or conduction
defects that require immediate treatment, or a QTc interval
of 550 ms or more.

Trial procedures

Blinded randomization was centralized and performed elec-
tronically through an automated interactive response system.
The allocation sequence was computer-generated in a 1:1 ra-
tio scheme without stratification. Patients were randomly
assigned to receive SZC 5 g or placebo once daily for
12 weeks. Those with serum potassium concentration greater
than 5.0 mmol/L at the last assessment before randomization
received SZC 10 g or placebo three times daily for the first
2 days according to their random study group assignment.
All staff involved, including study investigators and nurses,
and patients were blinded to the treatment received. Clinical
evaluations and measurements of serum electrolytes and cre-
atinine were performed at 1, 2, 3, 5, 7, 9, and 13 weeks.
Doses of study medication (SZC or placebo, Supporting infor-
mation, Table S1) and RAAS inhibitor(s) (Table S2) were ti-
trated during the study treatment period up to the 12 week
visit, directing investigators to titrate the latter to target
doses.

The study was paused from May to October 2019 and
went through a major protocol amendment, which included
updates to the inclusion criteria (patients with low-dose
MRA and/or lower serum potassium values could be en-
rolled) as well as guidance on treatment uptitration starting
with MRA followed by ACEi, ARB, or ARNI.

Endpoints

The primary efficacy endpoint was the proportion of patients
at 12 weeks in the following categories: (i) any of ACEi, ARB,
or ARNI at less than target dose (including no treatment), and
no MRA; (ii) any of ACEi, ARB, or ARNI at target dose and no
MRA; (iii) MRA at less than target dose; and (4) MRA at target
dose. Exploratory endpoints were the proportions of patients
in the same categories according to serum potassium concen-
trations above 5.0 mmol/L, and 5.0 mmol/L or less at the
time of randomization; the proportion of patients treated
with MRA and those at target dose at 12 weeks; the propor-
tion of patients on higher doses of RAAS inhibitors compared
with baseline; a dose intensity score10; changes from baseline
in blood pressure, NYHA class, Patient Global Impression of
Change Questionnaire, the overall summary score of the
Kansas City Cardiomyopathy Questionnaire; NT-pro-BNP and
troponin; and urine albumin to creatinine ratio in patients
with albuminuria at baseline. Safety endpoints included ad-
verse events, serious adverse events, changes on the electro-
cardiogram, serum creatinine, other laboratory parameters,
and the numbers of patients and events with abnormal
serum kalaemia concentrations (greater than 5.5 and
6.0 mmol/L and less than 3.5 and 3.0 mmol/L).

Statistical analysis

A sample size of 140 patients per group provided at least 90%
power to detect a between-groups difference of 20% in the
proportion of patients treated with an MRA at 3 months, at
a significance level of 5%, using a χ2 test. Due in large part
to challenges in participant management related to the
COVID-19 pandemic, the study was prematurely terminated
with a total sample size of 182 randomized patients.

All efficacy analyses were based on all randomized pa-
tients. The analysis of the primary efficacy endpoint was a
test of the equality of distributions, with the null hypothesis
that there was no difference between treatments in the dis-
tribution of proportion of patients in the four RAAS inhibitor
treatment categories. The hypothesis was tested at a
two-sided significance level of 5%. To mitigate the impact of
missing data caused by, among other factors, study termina-
tion due to COVID-19, treatment categories at 3 months for
patients where the information regarding renin–angioten-
sin–aldosterone inhibitor dosage was missing were imputed
using multiple imputation. The imputation model included
RAAS inhibitor category at 3 months as the outcome variable
and the following covariates: RAAS inhibitor treatment cate-
gory, serum potassium, eGFR, and systolic blood pressure
measured at the last visit before 3 months when all the co-
variate data were available. For each of the imputed datasets,
a χ2 test was performed with the corresponding test statistics
pooled and used in an F-test.11
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Sensitivity analyses of the primary efficacy endpoint were
performed by (i) using only available non-imputed RAAS in-
hibitor dose data at 3 months, (ii) using the worse of the last
two dose observations carried forward, and (iii) removing the
observations potentially affected by COVID-19, defined as
those obtained during visits on dates later than 11 March
2020.

No formal statistical inference was planned for exploratory
endpoints; therefore, no correction for multiplicity was
applied. As such, confidence intervals provided for any of
the exploratory variables should be interpreted with caution.
Except for subgroup analyses of the primary endpoint, explor-
atory variables were based on available data at the visits in
question.

Safety analyses included all randomized patients who took
at least one dose of study medication (SZC or placebo). Ad-
verse events and serious adverse events were summarized
by intensity and relatedness. Number and percentage of
patients with events related to fluid overload or oedema
were also evaluated and defined by the following terms: fluid
overload, fluid retention, generalized oedema, hypervolemia,
localized oedema, oedema, and oedema peripheral and
peripheral swelling. Summaries of clinical chemistry and
haematology variables were based on samples analysed at
the central laboratory. Number and percentage of patients
with serum potassium less than 3.5, 3.0, and 2.5 mmol/L, as
well as those with values greater than 5.0, 5.5, 6.0, and
6.5 mmol/L, were also determined.

To assess the degree of missingness related to the
COVID-19 pandemic, the number and proportion of patients
attending the different study visits and those remaining on
treatment were tabulated for visits occurring after 11 March
2020.

Results

Patients

A total of 182 patients were randomly assigned to the SZC
group (92 patients) or the placebo group (90 patients).
The majority of patients completed the study [SZC: 90
patients (97.8%); placebo: 86 patients (95.6%)]. Patients
who completed the end-of-treatment visit early due to the
decision to prematurely terminate the study because of
the COVID-19 pandemic were considered to have com-
pleted. More than half of randomized patients completed
the intended 3 months of treatment [SZC: 57/92 (62.0%);
placebo: 51/90 patients (56.7%)]. The most common reason
for premature discontinuation of treatment was the
decision to prematurely terminate the study due to the
pandemic [SZC: 19 patients (20.7%); placebo: 26 patients
(28.9%)].

Baseline patient characteristics are shown in Table 1. The
mean age of patients was 71.9 years, the majority were male

Table 1 Characteristics of the patients at baseline

SZC (N = 92) Placebo (N = 90)

Age (years) Mean ± SD 72.9 ± 8.8 71.0 ± 8.1
Sex n (%) Male 51 (55.4) 57 (63.3)
Race n (%) White 90 (97.8) 89 (98.9)
Body-mass index (kg/m2) Mean ± SD 29.6 ± 5.6 30.2 ± 5.6
NYHA class n (%) II 61 (66.3) 57 (63.3)

III 31 (33.7) 33 (36.7)
LV ejection fraction (%) Mean ± SD 33.8 ± 5.8 33.9 ± 6.1
NT-proBNP (pmol/L) Mean ± SD 319.4 ± 428.3 288.5 ± 399.6
Potassium (mmol/L)a Mean ± SD 4.85 ± 0.37 4.87 ± 0.33
Potassium group (mmol/L)a ≤5.0 65 (70.7) 67 (74.4)

>5.0 27 (29.3) 23 (25.6)
eGFR (mL/min/1.73 m2)b Mean ± SD 40.0 ± 11.0 42.7 ± 11.5
eGFR group (mL/min/1.73 m2)b ≤20 2 (2.2) 1 (1.1)

>20–≤45 60 (65.2) 53 (58.9)
>45–<60 26 (28.3) 31 (34.4)

≥60 4 (4.3) 5 (5.6)
Diabetes mellitus n (%) 40 (43.5) 42 (46.7)
Atrial fibrillation n (%) 42 (45.7) 42 (46.7)
Hypertension n (%) 86 (93.5) 85 (94.4)
ACE inhibitor n (%) 43 (46.7) 45 (50.0)
Angiotensin II receptor blocker n (%) 34 (37.0) 28 (31.1)
Sacubitril-valsartan n (%) 14 (15.2) 16 (17.8)
Mineralocorticoid antagonist n (%) 16 (17.4) 18 (20.0)
Diuretic n (%) 78 (84.8) 77 (85.6)
Beta-blocker n (%) 83 (90.2) 83 (92.2)

Abbreviations: ACE, angiotensin-converting enzyme; eGFR, estimated glomerular filtration rate; NT-proBNP, N-terminal pro–B-type natri-
uretic peptide; NYHA, New York Heart Association.
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(59.3%), White (98.4%), and in NYHA Class II (64.8%). Mean
LVEF was 33.8%. Most patients (62.1%) had an eGFR between
20 and 45 mL/min/1.73 m2, and mean serum potassium con-
centration was 4.86 mmol/L at baseline. Of the patients, 73%
were normokalaemic at baseline. Duration of exposure to the
study medication was similar between the SZC and placebo
groups (median duration of 80.0 and 77.5 days, respectively).
The mean average daily dose of study medication was 6.9 g
for the SZC group and 8.2 g for the placebo group.

Efficacy endpoints

Table 2 shows results for the primary efficacy analysis. There
was no statistically significant difference in the distribution of
patients by RAAS inhibitor treatment categories at 3 months
(P = 0.43). The proportion of patients at target MRA dose was
numerically higher in the SZC group compared with the pla-
cebo group (56.4% and 47.0%, respectively).

The results of the sensitivity analyses of the primary end-
point using only available non-imputed RAAS inhibitor dose
data at 3 months (complete case analysis) and using the
worse of the last two dose observations carried forward are
presented in Table 2. Consistent with the primary analysis,
the sensitivity analyses did not show a statistically significant
difference between treatment groups, although the SZC
group had a numerically higher proportion of patients at tar-
get MRA dose compared with the placebo group. A sensitivity
analysis was performed restricting results to only those ob-
tained prior to 11 March 2020 (in relation to the COVID-19
pandemic), which were consistent with the primary analysis.

As post-hoc subgroup analyses, sensitivity analyses of the
primary endpoint with no imputation are presented by proto-
col version (date of randomization earlier than 12 June 2019
or on or after 12 June 2019). Consistent with the full analysis,
when analysed based on available data, there was no statisti-
cally significant difference between treatment groups for any
of the subgroups. For patients randomized earlier than 12
June 2019, the difference between the two treatment groups
in the proportion of patients at MRA target dose at 3 months
(in favour of SZC) was larger than in the full analysis (SZC:
58.6%; placebo: 30.4%). For patients randomized on or after
12 June 2019, there was no notable difference between the
treatment groups in the proportion of patients at target
MRA dose (SZC: 69.0%; placebo: 69.2%).

Subgroup analyses were performed considering the serum
potassium concentration before randomization. For patients
with a baseline potassium concentration higher than
5.0 mmol/L, the proportions at target MRA dose were
36.5% in the SZC group and 24.5% in the placebo group.
For those with a baseline potassium equal to or less than
5.0 mmol/L, the proportions of patients at target MRA dose
were 65.6% and 55.0% in the SZC and placebo groups,
respectively.

A summary of RAAS inhibitor dose intensity scores during
the study is shown in Table 3. The majority of patients in both
treatment groups were not taking MRA at baseline [score
value 0; SZC: 78 patients (84.8%); placebo: 74 patients
(82.2%)]. At 3 months, the proportions of patients who had
titrated to MRA target dose (score value: 3) were 63.8% in
the SZC group and 51.0% in the placebo group.

Mean serum potassium concentrations during the treat-
ment period were numerically lower in patients randomized

Table 2 Primary endpoint of renin–angiotensin–aldosterone system inhibitor treatment categories at 3 months

(%) of subjectsa
Global test of
no difference

Group n

No ACEi/ARB/ARNI
or at less than target
dose and no MRA

ACEi/ARB/ARNI
at target dose
and no MRA

MRA at less than
target doseb

MRA at target doseb

(50 mg daily)
Pooled
P value

A—Primary analysis in the intent-to-treat population
SZC (N = 92) 89 14.7 14.7 14.2 56.4 0.43
Placebo (N = 90) 87 13.5 15.1 24.5 47.0
B—Sensitivity analysis without imputation in the intent-to-treat population
SZC (N = 92) 58 8 (13.8) 9 (15.5) 4 (6.9) 37 (63.8) 0.35
Placebo (N = 90) 49 6 (12.2) 10 (20.4) 8 (16.3) 25 (51.0)
C—Sensitivity analysis with last value carry forward in the intent-to-treat population
SZC (N = 92) 92 16 (17.4) 15 (16.3) 16 (17.4) 45 (48.9) 0.42
Placebo (N = 90) 90 16 (17.8) 15 (16.7) 24 (26.7) 35 (38.9)
D—Sensitivity analysis related to COVID-19 (prior to 11 March 2020, ITT population)
SZC (N = 92) 76 14.4 15.9 15.8 53.9 0.62
Placebo (N = 90) 81 13.3 16.3 24.9 45.6

Abbreviations: ACEi, angiotensin-converting enzyme inhibitors; ARB, angiotensin receptor blockers; ARNI, angiotensin receptor and
neprolysin inhibitors; MRA, mineralocorticoid receptor antagonist; n, number of subjects in analysis.
aMultiple imputation technique was used to impute missing values at 3 months. Pooled P value was obtained from F distribution with
combined results from χ2 tests on imputed individual data sets. Proportion of subjects in each category was obtained by pooling/averag-
ing the proportion from individual data sets, each calculated using n as denominator.

bIrrespective of ACEi, ARB, or ARNi dose.
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to the SZC group than those in the placebo group (Figure 1).
At end of treatment, mean serum potassium was 4.65 and
4.90 mmol/L in the SZC and placebo groups, respectively.
The proportions of normokalaemic patients were numerically
higher across all post-baseline on-treatment time points in
the SZC group compared with the placebo group. At end of
treatment, 80.4% of patients in the SZC group were normoka-
laemic compared with 63.6% of patients in the placebo
group.

Mean NT-pro-BNP at baseline was 2707 and 2445 ng/L for
the SZC and placebo groups, respectively. There were no clin-
ically meaningful differences in NT-pro-BNP and troponin bio-
markers over time between the treatment groups (data not
shown). No differences were detected between the SZC and
placebo groups in the estimated GFR and urine albumin to
creatinine ratio at 3 months (data not shown).

Most patients remained in the same NYHA class at baseline
and 3 months. Only one patient worsened NYHA class in each

Table 3 Renin–angiotensin–aldosterone system inhibitor therapy intensity at 3 months (intent-to-treat population)

Number (%) of subjects

SZC (N = 92) Placebo (N = 90)
n = 58 n = 49

Ranking of RAASi
therapy intensity ACEi/ARB/ARNI MRA

0 No dose No dose 2 (3.4) 2 (4.1)
1 Some No dose 6 (10.3) 4 (8.2)
2 No dose Some 0 (0.0) 0 (0.0)
3 Target No dose 9 (15.5) 10 (20.4)
4 Some Some 2 (3.4) 5 (10.2)
5 No dose Target 1 (1.7) 0 (0.0)
6 Target Some 2 (3.4) 3 (6.1)
7 Some Target 14 (24.1) 8 (16.3)
8 Target Target 22 (37.9) 17 (34.7)

Figure 1 Mean serum potassium concentrations over time (intent-to-treat population).
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group (both from Class II to III). Table 4 shows a summary of
patient global impression of change in heart failure symp-
toms at baseline and end-of-study. Table 5 shows corre-
sponding overall summary scores, total symptom scores,
and clinical summary scores from the Kansas City Cardiomy-
opathy questionnaire. The mean scores showed a numerically
greater improvement from baseline to 3 months in the SZC
group compared with the placebo group [difference in means
for overall summary score: 5.20, 95% CI (�0.17, 10.57); for
TSS: 3.28, 95% CI (�3.59, 10.15); and for CSS: 6.04, 95% CI
(0.21, 11.88)]. Results were similar for patients randomized
before or after 12 June 2019.

Safety endpoints

One patient (1.1%) in each treatment group died during the
study, both events were cardiac disorders not considered re-
lated to study medication. Overall, SZC was well tolerated
during the study (Table 6). The incidence of adverse events
was 47.3% in the SZC group and 52.2% in the placebo group.
The most commonly reported adverse were chronic cardiac
failure, chronic kidney disease, and viral upper respiratory
tract infection in both groups. Most adverse events were mild
or moderate in intensity.

The incidence of serious adverse events was 15.4% in the
SZC group and 11.1% in the placebo group. One serious ad-

verse event (generalized oedema) in the SZC group was con-
sidered related to study medication and occurred along with
a concurrent adverse event of chronic cardiac failure follow-

Table 4 Patient global impression of change at 3 months

PGIC class

Number (%) of subjects

SZC (N = 92) Placebo (N = 90)

Total 53 47
Subject evaluation of change in heart failure symptoms

Much better 10 (18.9) 4 (8.5)
Moderately better 8 (15.1) 8 (17.0)
A little better 22 (41.5) 11 (23.4)
About the same 12 (22.6) 23 (48.9)
A little worse 1 (1.9) 1 (2.1)
Moderately worse 0 (0) 0 (0)
Much worse 0 (0) 0 (0)

Abbreviations: N, number of patients in treatment group; PGIC, Patient Global Impression of Change.
Note: The percentages are calculated using the total number of subjects with non-missing data as denominator.

Table 5 Change in Kansas City cardiomyopathy questionnaire from baseline to 3 months

Group

Baseline 3 month change from baseline

n Mean (SD) n Mean (SD) Difference in means 95% CI

Overall summary score SZC 90 57.69 (20.00) 53 9.94 (14.62) 5.20 (�0.17, 10.57)
Placebo 87 60.78 (21.10) 47 4.74 (12.12)

Total symptom score SZC 90 61.21 (23.31) 53 10.36 (16.84) 3.28 (�3.59, 10.15)
Placebo 87 63.68 (23.11) 47 7.08 (17.77)

Clinical summary score SZC 90 57.56 (21.66) 53 9.54 (14.13) 6.04 (0.21, 11.88)
Placebo 87 62.72 (21.93) 47 3.50 (15.27)

Abbreviation: CI, confidence interval.

Table 6 Adverse events (safety population)a

Number (%) of patients [a]

SZC
(N = 91)

Placebo
(N = 90)

Any adverse event 43 (47.3) 47 (52.2)
Acute cardiac failure 2 (2.2) 1 (1.1)
Chronic cardiac failure 9 (9.9) 4 (4.4)
Chronic kidney disease 6 (6.6) 4 (4.4)
Viral upper respiratory

tract infection
6 (6.6) 3 (3.3)

Hypotension 4 (4.4) 1 (1.1)
Nasopharyngitis 4 (4.4) 3 (3.3)
Constipation 3 (3.3) 2 (2.2)

Any serious adverse event
(including events resulting in death)

14 (15.4) 10 (11.1)

Death 1 (1.1) 1 (1.1)
Infection 2 (2.2) 2 (2.2)
Cardiac disorders 8 (8.8) 5 (5.6)
Acute myocardial infarction 2 (2.2) 1 (1.1)
Unstable angina 0 (0.0) 1 (1.1)
Atrial fibrillation 1 (1.1) 0 (0.0)
Acute cardiac failure 2 (2.2) 1 (1.1)
Chronic cardiac failure 2 (2.2) 2 (2.2)
Myocardial fibrosis 1 (1.1) 0 (0.0)

aNumber of patients with adverse events that occurred during the
study, on and off treatment, among patients who received at least
one dose of the study medication.
Abbreviation: SZC, sodium zirconium cyclosilicate.

1072 J.-C. Tardif et al.

ESC Heart Failure 2023; 10: 1066–1076
DOI: 10.1002/ehf2.14268

 20555822, 2023, 2, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ehf2.14268 by U

niversity O
f G

lasgow
, W

iley O
nline L

ibrary on [31/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



ing an accidental overdose of SZC and led to its discontinua-
tion. The only other adverse event (nausea) causing discon-
tinuation of study medication was considered related to
study medication in one patient of the SZC group.

An oedema-related adverse event occurred in 3 patients
(3.3%) in the SZC group and 1 patient (1.1%) in the placebo
group. There were numerically more patients who developed
worsening heart failure in the SZC group [11 patients (12.1%),
of which 9 patients (9.9%) reported events while on treat-
ment] compared with the placebo group [5 patients (5.6%),
of which 4 patients (4.4%) reported events while on treat-
ment]. A similar proportions of patients in both treatment
groups were hospitalized and received an intravenous
diuretic (4 and 3 patients in the SZC and placebo groups,
respectively, of which 2 patients in each treatment group
were on treatment). Serum potassium values greater than
6.0 mmol/L were reported in 3.3% and 4.4% of patients in
the SZC and placebo groups, respectively. Seven patients
(7.7%) in the SZC group had a serum potassium concentration
less than 3.5 mmol/L compared with no patient in the pla-
cebo group, and no value less than 3.0 mmol/L was reported
in either group.

Discussion

In this exploratory, randomized, double-blind, placebo-
controlled trial, we aimed to assess if a treatment regimen
containing SZC would allow RAAS inhibitors to be uptitrated
to target doses in patients with heart failure and elevated
serum potassium concentration or at high risk of developing
elevated serum potassium.

The World Health Organization characterized COVID-19 as
a pandemic in the first quarter of 2020. To minimize the risk
of COVID-19 infection in this vulnerable high-risk population
who required multiple study visits (including for monitoring
of potassium), enrolment was stopped in March 2020, treat-
ment with the study medication was ended early for all
patients as of 1 April 2020, and the study was prematurely
terminated. A total of 182 patients were randomized, far
below the 280 patients originally planned and for which the
primary efficacy endpoint was powered. More than half of
the patients completed treatment, with 20.7% and 28.9% of
patients in the SZC and placebo groups discontinuing treat-
ment due to the COVID-19 pandemic. There were no
COVID-19-related concerns about the overall quality of the
data collected during the study, and no patients were
diagnosed with COVID-19 during the study.

This study did not show evidence of a difference between
the SZC and placebo groups in the primary endpoint of distri-
bution of patient proportions in RAAS inhibitor treatment
categories at 3 months. Sensitivity analyses using only avail-
able non-imputed RAAS inhibitor dose data at 3 months,

the worse of the last two dose observations carried forward,
and results restricted to only those obtained before the onset
of the COVID-19 pandemic broadly supported the conclusions
of the main analysis.

A possible reason for the less than desired facilitation of
RAAS inhibitors during the study is that the protocol encour-
aged but did not mandate uptitration of agents. Other con-
tributing factors may have included concerns of investigators
(who did not know if patients were receiving SZC or placebo)
about hyperkalaemia, kidney function, and hypotension re-
lated to initiation or uptitration of MRAs and/or uptitration
of ACEi/ARB/ARNIs. Approximately 30% of patients did not
have their dose of ACEi/ARB/ARNI increased, and approxi-
mately 14% of patients did not have an MRA initiated or
the dose increased during the trial. This was reflected in in-
vestigators’ reported reasons for not uptitrating RAASi,
where concerns of hyperkalaemia tended to be more com-
mon in the placebo group while concerns of hypotension
were more prominent in the SZC group. Furthermore, the
smaller than expected difference between the two treatment
groups in the proportion of patients reaching the target
dose of MRA at 3 months (SZC: 56.4%; placebo: 47.0%)
may have been due to a lower than predicted risk of
developing hyperkalaemia, reflected by this high percentage
of patients in the placebo group being able to reach
guidelines-recommended MRA dose without developing
overt hyperkalaemia.

The overall efficacy results may also relate, at least in part,
to the major changes in the study protocol made in 2019, as
described above. In patients randomized before 12 June
2019, a notably higher proportion achieved MRA target dose
at 3 months in the SZC group compared with the placebo
group (52.7% and 29.6%, respectively), while the difference
between the two groups was minimal in patients randomized
on or after the date of the implementation of the updated
protocol (SZC: 64.0%, placebo: 61.7%). In light of the high
proportion of placebo-treated patients enrolled under the
modified protocol who were able to titrate to target MRA
dose, this may indicate that the study population was not
at a particularly high risk of developing hyperkalaemia. The
observation that RAASi doses could be uptitrated in patients
on placebo in the study suggests that more aggressive
uptitration of RAASi in patients at risk of hyperkalaemia could
be considered, provided that potassium levels are adequately
monitored.

PRIORITIZE-HF is one of several trials to examine the use
of intestinal potassium binders to facilitate management of
other disease states treated with inhibitors of the RAAS.
Results from three randomized placebo-controlled trials
were published in 2014–2015, demonstrating that the intes-
tinal potassium binders patiromer sorbitex calcium and SZC
could control hyperkalaemia in patients with impaired
kidney function, the majority of whom were treated with
inhibitors of the RAAS to slow progression of CKD.12–14
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Another trial of 295 patients with resistant hypertension
treated with spironolactone showed that those randomized
to patiromer sorbitex calcium were significantly more likely
to remain on the MRA at 12 weeks than those randomized
to placebo (86% vs. 66%).15 Patiromer is a potassium binder
that exchanges potassium for calcium in the intestinal
lumen.

The DIAMOND trial was intended to be a multinational,
multicentre, double-blind, placebo-controlled, randomized
withdrawal, parallel-group study including approximately
2400 patients with HFrEF and hyperkalaemia (serum potas-
sium higher than 5.0 mmol/L) on guideline-directed therapy
including ACEi/ARB/ARNI and MRA, with time to the first
event of cardiovascular death or cardiovascular hospitaliza-
tion as the primary composite endpoint.16 That trial was
modified owing to lower-than-anticipated enrollment and
incidence of cardiovascular events due to the impact of the
COVID-19 pandemic. The updated primary endpoint in
DIAMOND was the adjusted mean change in serum
potassium level, which was 0.03 mmol/L in the patiromer
group and 0.13 mmol/L with placebo (P < 0.001).17 The
REALIZE-K trial is a prospective, randomized, double-blind,
placebo-controlled, parallel-group, multicentre Phase 4
study, which will evaluate SZC for the management of
hyperkalaemia in patients with symptomatic HFrEF and who
are taking optimized spironolactone guideline-directed
therapy (ClinicalTrials.gov Identifier: NCT04676646).

Despite the lack of a statistically significant difference in
RAAS inhibitor treatment categories between the study
groups, there is much to learn from the PRIORITIZE-HF trial.
The SZC group had numerically higher proportions of patients
at target MRA dose at 3 months compared with the placebo
group, and mean serum potassium concentrations were
lower during the treatment period despite the fact that a
higher proportion of SZC-treated patients were receiving
MRAs at target dose. Both patient-reported outcomes (the
Patient Global Impression of Change and Kansas City Cardio-
myopathy Questionnaire) showed numerical improvements
for SZC compared with placebo. For example, an improve-
ment in heart failure symptoms as assessed by the patient
global impression of change at 3 months was observed in
75.5% of patients in the SZC group and 48.9% of those in
the placebo group. Of note, this study was the first controlled
trial that examined the effect of SZC on patient-reported out-
comes in heart failure patients with elevated serum potas-
sium concentrations or at high risk of developing elevated se-
rum potassium.

The incidence of adverse events and serious adverse
events was comparable between the treatment groups.
oedema-related events were consistent with the known
safety profile of SZC. Numerically more patients in the SZC
group developed worsening of heart failure during the study
compared with the placebo group. Of note, these cases of
worsening heart failure were based on investigators’ assess-

ment and were not stringently defined or adjudicated, were
mostly mild or moderate in intensity, and resulted in similar
proportions of patients in both treatment groups being
hospitalized (4 and 3 patients in the SZC and placebo groups,
respectively, of which 2 patients in each treatment group
were on treatment). Even without an increased risk of
hospitalization, such episodes if confirmed in future studies
could affect the quality of life of patients. They might be
related to the release of sodium in the intestinal lumen in
exchange of potassium being captured by SZC. In conclusion,
the PRIORITIZE-HF study was terminated prematurely due
to COVID-19 and did not demonstrate a statistically
significant increase in the intensity of RAAS inhibitor
therapies with the potassium-reducing agent SZC compared
with placebo.
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