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A B S T R A C T

Background. Sodium zirconium cyclosilicate (SZC; formerly
ZS-9) is a selective potassium (Kþ) binder for the treatment of
adults with hyperkalaemia. This post hoc analysis of an open-
label, single-arm trial (NCT02163499) compared SZC efficacy
and safety >12 months among outpatients with hyperkalaemia
and Stages 4 and 5 chronic kidney disease (CKD) versus those
with Stages 1–3 CKD.
Methods. Adults with serum Kþ �5.1 mmol/L (measured by
point-of-care i-STAT device) received SZC 10 g three times daily
for 24–72 h until normokalaemia (i-STAT Kþ 3.5–5.0 mmol/L)
was achieved [correction phase (CP)], followed by once daily SZC
5 g for �12 months [maintenance phase (MP)]. Here, patients
were stratified by baseline estimated glomerular filtration rate
(eGFR <30 or �30 mL/min/1.73 m2). Study endpoints included
percent achieving normokalaemia during CP and MP, mean se-
rum Kþ and bicarbonate during MP, and adverse events (AEs).
Results. Of 751 patients enrolled, 289 (39%), 453 (60%) and 9
(1%) had baseline eGFR values of<30,�30 mL/min/1.73 m2 or
missing, respectively. During the CP, 82% of patients achieved
normokalaemia in both eGFR subgroups within 24 h, and 100
and 95% with baseline eGFR <30 and �30 mL/min/1.73 m2,
respectively, within 72 h. Corresponding proportions with nor-
mokalaemia during the MP were 82 and 90% at Day 365,
respectively. Mean serum Kþ reduction from baseline during
the CP was sustained throughout the MP and serum bicarbon-
ate increased. AEs during the MP were more common in the
eGFR<30�30 mL/min/1.73 m2 subgroup.
Conclusions. SZC corrects hyperkalaemia and maintains nor-
mokalaemia among outpatients regardless of the CKD stage.

Keywords: chronic kidney disease, estimated glomerular filtra-
tion rate, hyperkalaemia, potassium, sodium zirconium
cyclosilicate

I N T R O D U C T I O N

Hyperkalaemia is a common electrolyte abnormality among
patients with chronic kidney disease (CKD) [1–3] and is associ-
ated with increased morbidity and mortality [4]. The frequency
and severity of hyperkalaemia are related to baseline estimated
glomerular filtration rate (eGFR) level among those with CKD.
Among these patients, hyperkalaemia prevalence defined as se-
rum potassium (Kþ) �5.0 mmol/L or �5.5 mmol/L is 14–20%
or 3–8%, respectively [5]. Furthermore, for every 5 mL/min/
1.73 m2 decrease in eGFR, hyperkalaemia prevalence increased
by 25% [5].

Although renin–angiotensin–aldosterone system inhibitors
(RAASis) are mainstays of therapy among patients with protei-
nuric and diabetic CKD [6], use of maximum renoprotective
RAASi dosages is limited due to RAASi-associated Kþ elevation
risk [3]. Patients with severe CKD (Stages 4 and 5, eGFR
<30 mL/min/1.73 m2) often have strict dietary requirements,
including restricted intake of fluids, protein, sodium, phosphate
and Kþ. These patients may benefit from medical management
of hyperkalaemia, which may enable RAASi maintenance and
fewer dietary restrictions.

Sodium zirconium cyclosilicate (SZC; formerly ZS-9) is a se-
lective Kþ binder approved for use in the USA and the
European Union for the treatment of adults with hyperkalaemia
[7, 8]. SZC binds Kþ early as it transits through the gastrointes-
tinal tract and is ultimately excreted in the faeces [7–9]. In the
randomized, Phase 3 HARMONIZE study of SZC among out-
patients with hyperkalaemia (Kþ �5.1 mmol/L), SZC 10 g
three times daily (TID) reduced serum Kþ to normal levels (Kþ

3.5–5.0 mmol/L) within a median of 2.2 h after the first admin-
istered dose, with 84% of patients achieving normokalaemia
within 24 h [2]. Furthermore, normokalaemia was maintained
by >71% of patients receiving once daily (QD) SZC dosing
through Day 29 with no protocol-defined changes in diet or
RAASi use [2].

The current open-label, single-arm study among ambulatory
outpatients with hyperkalaemia demonstrated that SZC was
associated with rapid correction and maintenance of normoka-
laemia up to 12 months [10]. Here, we compare the long-
term efficacy and safety of SZC treatment for hyperkalaemia
among outpatients with a baseline eGFR <30 versus
�30 mL/min/1.73 m2.

M A T E R I A L S A N D M E T H O D S

Study design

We describe a post hoc analysis from a prospective,
international, multicentre, single-arm, open-label Phase 3 trial
(NCT02163499); the study design and primary results are pre-
viously described [10]. Briefly, adult (�18 years) outpatients
with hyperkalaemia (Kþ �5.1 mmol/L), as measured by two
consecutive readings with a point-of-care i-STAT device
(Abbott Point of Care, Inc., Princeton, NJ, USA), were included.
Patients with diabetic ketoacidosis, cardiac arrhythmias requir-
ing immediate treatment, pseudohyperkalaemia and those on
dialysis were excluded. The trial comprised two phases: the cor-
rection phase (CP), in which patients received 10 g SZC TID for
24–72 h until normokalaemia (3.5–5.0 mmol/L) was achieved;
and the 12-month maintenance phase (MP), in which patients
started treatment on a QD regimen of SZC 5 g to maintain nor-
mokalaemia [10]. During the MP, patients who did not main-
tain normokalaemia [i.e. having either hypokalaemia (i-STAT
Kþ 3.0–3.4 mmol/L) or hyperkalaemia (i-STAT Kþ >5.0–6.5)]
received protocol-mandated dose titrations in 5 g increments/
decrements, with a minimum dose of 5 g once every other day
(QoD) and a maximum dose of 15 g QD (Supplementary data,
Table S1); patients who developed severe hypokalaemia
(i-STAT Kþ<3.0 mmol/L) or severe hyperkalaemia (i-STAT Kþ

>6.5 mmol/L) at any time discontinued the study. No protocol-
mandated restrictions on diet or RAASi use were required.
In this analysis, patients were stratified by baseline eGFR levels
of <30 or �30 mL/min/1.73 m2, corresponding to CKD Stages
4 and 5 and Stages 1–3, respectively. All participants gave their
informed consent.

Assessments

Blood Kþ was measured by two methods: whole-blood Kþ

levels, measured by i-STAT, which determined study eligibility,
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entry into the MP and MP SZC dose titrations; and serum Kþ,
measured by the central laboratory (consistent with usual clini-
cal practice), which was used to analyse efficacy outcomes.

Study endpoints

Study endpoints were the proportion of patients achieving
normokalaemia by i-STAT Kþ during the CP and MP and
mean serum Kþ during the MP. Safety was assessed by sponta-
neous investigator reports of adverse events (AEs) and serious
AEs, vital signs, change from baseline in serum bicarbonate and
eGFR, incidence of hypokalaemia and change from CP baseline
in selected serum chemistry levels. Oedema was evaluated by
standardized Medical Dictionary for Regulatory Activities
(MedDRA) standardized MedDRA query (SMQ oedema) for
haemodynamic oedema, effusions and fluid overload. SMQs
are collections of related MedDRA preferred terms that are
used to screen for relevant safety signals in clinical trials [11].

Statistical considerations

Efficacy endpoints, drug exposure parameters and safety
outcomes followed the pre-specified statistical analysis plan,
with results described descriptively. Patients achieving defined
i-STAT Kþ levels during the CP were calculated using the last
observation carried forward approach. Mean changes
from baseline in serum Kþ were evaluated with two-sided
paired t-tests. A post hoc analysis compared Days 8–365 abso-
lute mean and mean change from baseline in serum Kþ be-
tween the eGFR subgroups using two-sample two-sided t-tests.
Analyses were based on the intention-to-treat (ITT) population,
which included all patients who received SZC in a given study
phase and had any post-baseline Kþ values measured. The
safety population included patients who received one or more
dose of SZC and had any post-baseline follow-up for safety.

R E S U L T S

Study population

Of the 751 patients enrolled in the CP, 9 (1%) patients did
not have an eGFR measurement at study baseline, 289 (39%)
had an eGFR <30 mL/min/1.73 m2 and 453 (60%) had an
eGFR�30 mL/min/1.73 m2 (Figure 1). Among patients with an
eGFR <30 or �30 mL/min/1.73 m2 who entered the MP, 45%
(n¼ 128) and 33% (n¼ 148) of patients discontinued, respec-
tively, and the largest proportions discontinuing the MP in each
group were due to expected CKD progression [n¼ 37 (13%)]
and withdrawn consent [n¼ 55 (12%)].

The majority of patients in both eGFR subgroups were male
and white (Table 1). Among patients with eGFR <30 mL/min/
1.73 m2, 46 (16%) patients had CKD Stage 5 (eGFR <15 mL/
min/1.73 m2) and 243 (84%) had CKD Stage 4 (eGFR 15 to
<30 mL/min/1.73 m2). Comorbidities, including heart failure,
diabetes and hypertension, were more frequent among patients
with eGFR <30 mL/min/1.73 m2 versus those with eGFR
�30 mL/min/1.73 m2. Furthermore, concomitant medications
were taken by more patients with eGFR <30 versus �30 mL/
min/1.73 m2, including calcium channel blockers, RAASi thera-
pies and diuretics (Table 1).

Efficacy

At CP baseline, i-STAT Kþ was >6.0 mmol/L in 22 (8%)
and 29 (7%) patients in the eGFR <30 and �30 mL/min/
1.73 m2 subgroups, respectively. During the CP, 82% of
patients with baseline eGFR <30 mL/min/1.73 m2 achieved
normokalaemia (i-STAT Kþ 3.5–5.0 mmol/L) within 24 h of
initiating SZC 10 g TID, and 100% achieved normokalaemia
by 72 h (Figure 2A). In patients with baseline eGFR �30 mL/
min/1.73 m2, 82 and 95% achieved normokalaemia by 24 and
72 h, respectively (Figure 2B). Proportions of patients
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FIGURE 1: Patient disposition. Nine patients who entered the CP did not have a study baseline eGFR measurement. ECG, electrocardiogram.
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achieving normokalaemia (i-STAT Kþ 3.5–5.0 mmol/L) dur-
ing the MP were 76 and 82% at Days 8 and 365, respectively,
among patients with baseline eGFR <30 mL/min/1.73 m2

(Figure 3A), and 88 and 90% at Days 8 and 365, respectively,

among patients with baseline eGFR �30 mL/min/1.73 m2

(Figure 3B).
At CP baseline, the mean [standard deviation (SD)] baseline

serum Kþ level was 5.7 (0.4) and 5.6 (0.4) mmol/L for the eGFR

Table 1. Baseline characteristics and demographics for patients with eGFR <30 and ‡30 mL/min/1.73 m2 in the CP safety populationa

eGFR <30mL/min/173m2 (n¼ 289) eGFR �30mL/min/173m2 (n¼ 453) P-valueb

Age, mean (SD), years 64.8 (13.0) 62.9 (13.1) 0.057c

Male, n (%) 164 (56.7) 277 (61.1) 0.250
Race, n (%)

White 223 (77.2) 394 (87.0) 0.001
Black/African American 40 (13.8) 48 (10.6) 0.201
Asian 16 (5.5) 8 (1.8) 0.009
Other 10 (3.5) 3 (0.7) 0.007

Medical history, n (%)
Heart failured 55 (19.0) 54 (11.9) 0.010
Diabetes mellituse 205 (70.9) 264 (58.3) 0.001
Hypertension (preferred term) 275 (95.2) 339 (74.8) <0.001

Serum Kþ, mean (SD), mmol/L 5.7 (0.4) 5.6 (0.4) <0.001c

Serum Kþ, n (%), mmol/L
<5.5 93 (32.2) 193 (42.6) 0.005
5.5 to <6.0 137 (47.4) 195 (43.0) 0.257
�6.0 59 (20.4) 65 (14.3) 0.034

i-STAT Kþ, mean (range), mmol/L 5.5 (5.1–6.9) 5.5 (5.1–7.3) 0.082c

i-STAT Kþ, n (%), mmol/L
5.1 to <5.5 144 (49.8) 248 (54.7) 0.200
5.5 to <6.0 109 (37.7) 164 (36.2) 0.697
�6.0 36 (12.5) 41 (9.1) 0.141

eGFR, mean (SD), mL/min/1.73 m2 21.3 (5.7) 63.6 (30.6)
eGFR, n (%), mL/min/1.73 m2

<15 46 (15.9) 0
15 to <30 243 (84.1) 0
30 to <60 0 263 (58.1)
�60 0 190 (41.9)

Serum bicarbonate, mean (SD), mmol/Lf 21.4 (3.6) 24.8 (3.3) <0.001c

Serum bicarbonate, n (%), mmol/L
<22 137 (47.4) 73 (16.1)
�22 152 (52.6) 380 (83.9) <0.001

Serum urea, mean (SD), mmol/Lg 18.6 (5.6) 9.1 (5.0) <0.001c

Weight, mean (SD), kg 88.5 (23.0) 84.8 (21.2) 0.029c

BP, mean (95% CI), mmHg
Systolic 141.4 (139.1–143.8) 131.8 (130.2–133.4) <0.001c

Diastolic 76.5 (75.1–77.8) 77.5 (76.6–78.3) 0.231c

Concomitant medication use, n (%)
Any 288 (99.7) 435 (96.0)

RAASi therapies 199 (68.9) 279 (61.6) 0.049
ACE inhibitors 122 (42.2) 212 (46.8) 0.227
ARBs 79 (27.3) 74 (16.3) <0.001
MRAs 15 (5.2) 30 (6.6) 0.529

Diuretics 151 (52.2) 124 (27.4) <0.001
Loop 133 (46.0) 95 (21.0) <0.001
Thiazide 15 (5.2) 21 (4.6) 0.729
Other 12 (4.2) 13 (2.9) 0.405

Calcium channel blockers 142 (49.1) 111 (24.5) <0.001
Dihydropyridineh 129 (44.6) 98 (21.6) <0.001
Non-dihydropyridinei 16 (5.5) 15 (3.3) 0.099

aSafety population included all patients who received one or more dose of SZC during the given study phase and had any post-baseline follow-up for safety.
bDetermined by Fisher’s exact test, unless stated otherwise.
cDetermined by two-sample t-test.
dInvestigator defined in case report forms.
eBased on standardized MedDRA query narrow terms.
fNormal reference range 22–29 mmol/L.
gNormal reference range 2.9–8.2 mmol/L.
hIncludes amlodipine, nifedipine, lercanidipine and felodipine.
iIncludes diltiazem and verapamil.
ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; BP, blood pressure; CI, confidence interval; CRF, case report form.
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<30 and �30 mL/min/1.73 m2 subgroups, respectively.
Reductions in mean serum Kþ achieved during the CP were
maintained at all MP visits in both eGFR subgroups (Figure 4).
Across study Days 8–365, mean (SD) serum Kþ levels were 4.8
(0.4) mmol/L in the eGFR <30 mL/min/1.73 m2 subgroup and
4.7 (0.4) mmol/L in the eGFR �30 mL/min/1.73 m2 subgroup
(P-value versus CP baseline<0.001 for both subgroups, P-value
for difference between subgroups <0.001). Across study Days
8–365, mean changes from CP baseline (95% confidence inter-
val) were �0.87 (�0.93 to�0.82) and �0.86 (�0.91 to�0.81),
respectively (P-value versus CP baseline <0.001 for both sub-
groups, P-value for difference between subgroups ¼ 0.765).
Following cessation of SZC treatment, mean serum Kþ in-
creased in the eGFR <30 and �30 mL/min/1.73 m2 subgroups
from 4.7 to 5.1 mmol/L and from 4.5 to 4.9 mmol/L, respec-
tively, yet remained decreased from CP baseline (mean change:
�0.6 mmol/L, P< 0.001; and �0.7 mmol/L, P< 0.001, respec-
tively, versus CP baseline).

Dosing

The majority of patients in both eGFR subgroups (81–82%)
achieved normokalaemia after receiving only 30 g of SZC (ad-
ministered as three 10 g doses) >24 h (Figure 5A). During the
MP, the mean (SD) daily dose of SZC was 7.8 g (2.6) and 6.8 g
(2.5) for the eGFR <30 and �30 mL/min/1.73 m2 subgroups,
respectively (P< 0.001). In general, greater proportions of
patients with baseline eGFR <30 versus �30 mL/min/1.73 m2

required doses of 10 or 15 g QD to maintain normokalaemia as

the MP progressed; and �26 and �56%, respectively, main-
tained normokalaemia at a dose of 5 g QD throughout the MP
(Figure 5B and C). Person-time exposure to each dose of SZC
was 2% for the 5 g QoD dose, 57% for the 5 g QD dose, 34%
for the 10 g dose and 7% for the 15 g dose relative to the total
person-time exposure to all SZC doses.

Safety

Greater proportions of patients with baseline eGFR
<30 mL/min/1.73 m2 experienced AEs during the MP versus
patients with eGFR �30 mL/min/1.73 m2 (83% versus 54%,
respectively; Table 2). Gastrointestinal disorders were
more common in patients with eGFR <30 mL/min/1.73 m2

(34%; n¼ 96) compared with patients with an eGFR of
�30 mL/min/1.73 m2 (16%; n¼ 70), with the most common
being nausea (11 and 6%, respectively) and constipation (11
and 4%, respectively). The three most common individual
AEs experienced by patients in the eGFR <30 mL/min/
1.73 m2 subgroup were hypertension (15%), peripheral oe-
dema (13%) and urinary tract infection (12%), all of which
occurred more frequently when compared with the eGFR
�30 mL/min/1.73 m2 subgroup (8, 8 and 6%, respectively).
The most common treatment-related individual AEs in
both the eGFR <30 and �30 mL/min/1.73 m2 subgroups
were constipation (4 and 3%, respectively), nausea (2% in
both) and peripheral oedema (2% in both). During the CP,
only one AE of peripheral oedema occurred. During the
MP, SMQ oedema events occurred more frequently in the
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FIGURE 3: Proportion of patients with baseline eGFR (A) <30 mL/min/1.73 m2 and (B) �30 mL/min/1.73 m2 achieving i-STAT Kþ levels in
the MP ITT population. ITT population included all patients who received SZC and had any post-baseline Kþ values measured during the
study phase.
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FIGURE 4: Mean absolute serum Kþ (A) and mean change in serum Kþ (B) over time in the MP ITT population. ITT population in-
cluded all patients who received SZC and had any post-baseline Kþ values measured during the study phase. Across study Days 8–365,
absolute mean (SD) serum Kþ levels were 4.8 (0.4) mmol/L in the eGFR <30 mL/min/1.73 m2 subgroup and 4.7 (0.4) mmol/L in the
eGFR �30 mL/min/1.73 m2 subgroup (P-value for difference <0.001); corresponding values for mean (95% CI) change from CP baseline
were �0.87 (�0.93 to �0.82) and �0.86 (�0.91 to �0.81), respectively (P-value for difference ¼ 0.765). Off-drug values were recorded
within 7 (61) days following the last dose of SZC in 75 and 86% of patients with baseline eGFR <30 and �30 mL/min/1.73 m2, respec-
tively. Off-drug values were recorded outside of the 7 (61)-day window in 25 and 14% of patients with baseline eGFR <30 and �30 mL/
min/1.73 m2, respectively. Sensitivity analyses showed that mean off-drug serum Kþ values within versus outside of the 7 (61)-day win-
dow were similar (P ¼ 0.459 and 0.914 for patients with baseline eGFR <30 and �30 mL/min/1.73 m2, respectively). All bars P< 0.001
versus CP baseline. CI, confidence interval.
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FIGURE 5: Distribution of SZC dosing in the safety populations of each study phase (safety population included all patients who received one
or more dose of SZC during the given study phase and had any post-baseline follow-up for safety). (A) Total dose required to achieve normo-
kalaemia during the CPa; and distribution of SZC dosing per study visit in patients with baseline eGFR B) <30, and C) �30 mL/min/1.73m2 in
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respectively, while one, three, two and one patient in the eGFR �30 mL/min/1.73m2 subgroup received SZC 10, 20, 50 and 70 g, respectively).
bMean and median dose reported are for last dose administered prior to that MP day’s endpoint measurements.
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eGFR <30 mL/min/1.73 m2 versus the eGFR �30 mL/min/
1.73 m2 subgroup (21 versus 11%, respectively; Table 2; see
Supplementary data, Table S2 for the full description of
these events and their management with loop diuretics).

During the MP, serious AEs were experienced by 31 and
16% of patients in the eGFR <30 and �30 mL/min/1.73 m2

subgroups, respectively (Table 2). Of these, pneumonia and
acute renal failure were the most common serious AEs among
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FIGURE 6: Change from CP baseline in (A) eGFR, (B) serum bicarbonate and (C) serum urea over time in the MP safety population. Safety pop-
ulation included all patients who received one or more dose of SZC during the given study phase and had any post-baseline follow-up for safety.
aTwo hundred and ninety for eGFR and serum bicarbonate data. Off-drug values were recorded within 7 (61) days following the last dose of SZC
in 75 and 87% of patients with baseline eGFR <30 and �30 mL/min/1.73 m2, respectively. Off-drug values were recorded outside of the 7 (61)-
day window in 25 and 13% of patients with baseline eGFR <30 and �30 mL/min/1.73 m2, respectively. Sensitivity analyses showed that mean off-
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Table 2. AEs, laboratory values and RAASi use in the MP safety populationa

eGFR <3030mL/min/173m2 (n¼ 286) eGFR �30mL/min/173m2 (n¼ 451)

AEs (�5% of patients) 237 (82.9) 245 (54.3)
SMQ oedemab 60 (21.0) 51 (11.3)
Hypertensionc 42 (14.7) 36 (8.0)
Peripheral oedema 36 (12.6) 35 (7.8)
Urinary tract infection 33 (11.5) 25 (5.5)
Constipation 30 (10.5) 17 (3.8)
Nausea 30 (10.5) 26 (5.8)
Anaemia 27 (9.4) 16 (3.5)
Acute renal failure 23 (8.0) 10 (2.2)
Upper respiratory tract infection 18 (6.3) 19 (4.2)
Vomiting 16 (5.6) 20 (4.4)
Headache 15 (5.2) 8 (1.8)

Treatment-related AEs (�1% of patients) 43 (14.9) 50 (11.0)
Constipation 12 (4.2) 12 (2.6)
Nausea 5 (1.7) 9 (2.0)
Peripheral oedema 5 (1.7) 9 (2.0)

Serious AEs (�1% of patients) 88 (30.8) 70 (15.5)
Pneumonia 10 (3.5) 4 (0.9)
Acute renal failure 7 (2.4) 1 (0.2)
Acute respiratory failure 5 (1.7) 0
Chest pain 5 (1.7) 6 (1.3)
Acute myocardial infarction 4 (1.4) 1 (0.2)
Congestive cardiac failure 4 (1.4) 6 (1.3)
Cellulitis 4 (1.4) 3 (0.7)
Cardiac failure 3 (1.0) 1 (0.2)
Urinary tract infection 3 (1.0) 1 (0.2)
Hypoglycaemia 3 (1.0) 1 (0.2)
Hyperkalaemia 3 (1.0) 1 (0.2)
Pulmonary oedema 3 (1.0) 0
Chronic renal failure 3 (1.0) 1 (0.2)
Osteomyelitis 2 (0.7) 6 (1.3)

AEs leading to discontinuationd (�3 patients) 58 (20.3) 42 (9.3)
Acute renal failure 8 (2.8) 1 (0.2)
Congestive cardiac failure 5 (1.7) 6 (1.3)
Chronic renal failure 5 (1.7) 0
Acute myocardial infarction 3 (1.0) 0
Atrial fibrillation 3 (1.0) 1 (0.2)
Cardiac failure 3 (1.0) 1 (0.2)
Dyspnoea 3 (1.0) 2 (0.4)
Chest pain 0 3 (0.7)
Osteomyelitis 0 4 (0.9)

eGFR, mean (SD), mL/min/1.73 m2

CP baseline 21.4 (5.7) 63.4 (30.6)
MP Day 8 22.9 (6.9) 61.7 (25.8)
MP Day 365 21.4 (7.7) 60.5 (25.6)
MP Day 8, mean (95% CI) change 1.41 (1.02 to 1.80)*** �1.99 (�3.75 to �0.22)*
Mean (95% CI) change at MP Day 365 �1.26 (�2.30 to �0.23)* �5.32 (�7.92 to �2.73)***

Serum bicarbonate, mean (SD), mmol/L
CP baseline 21.5 (3.6) 24.8 (3.3)

MP Day 8 22.5 (3.8) 25.7 (3.1)
MP Day 365 22.9 (3.3) 25.5 (3.1)
Mean (95% CI) change at MP Day 8 1.02 (0.77 to 1.27)*** 0.92 (0.69 to 1.15)***
Mean (95% CI) change at MP Day 365 1.22 (0.73 to 1.70)*** 0.56 (0.21 to 0.90)**

Serum urea, mmol/L
CP baseline 18.6 (5.6) 9.1 (5.0)
MP Day 8 17.2 (5.8) 8.6 (4.5)
MP Day 365 18.5 (6.6) 9.0 (5.9)

Mean (95% CI) change at MP Day 8 �1.26 (�1.68 to �0.83)*** �0.41 (�0.62 to �0.19)***
Mean (95% CI) change at MP Day 365 0.35 (�0.59 to 1.30) 0.28 (�0.21 to 0.76)

RAASi usage during the study
RAASi-naı̈ve at CP baseline 88/286 (30.8) 173/451 (38.4)

Initiated RAASi 24/88 (27.3) 13/173 (7.5)
MRA-containing RAASi regimen 1/88 (1.1) 1/173 (0.6)
Non-MRA-containing RAASi regimen 23/88 (26.1) 12/173 (6.9)

Continued
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patients in the eGFR <30 mL/min/1.73 m2 subgroup. AEs led
to discontinuation in 20% of patients in the eGFR <30 mL/
min/1.73 m2 subgroup versus 9% in the eGFR �30 mL/min/
1.73 m2 subgroup (Table 2).

During the MP, hypokalaemia (i-STAT Kþ <3.0 mmol/L or
�3.4 mmol/L if on SZC 5 g QoD) at any one visit was as high as
3.8 and 2.1% in the eGFR <30 and �30 mL/min/1.73 m2 sub-
groups, respectively (Figure 3); study discontinuation due to
hypokalaemia occurred in three (1%) and six (1%) patients,
respectively; and study discontinuation due to hyperkalaemia
(i-STAT Kþ >6.5 mmol/L) occurred in one (<1%) and four
(1%) patients, respectively.

Overall, eGFR decreased over time in both eGFR sub-
groups, but appeared to decline less among patients with
eGFR <30 mL/min/1.73 m2 for whom eGFR initially in-
creased (Table 2 and Figure 6A). Following SZC cessation,
eGFR fell further among patients with eGFR <30 mL/min/
1.73 m2 (to 19.6 mL/min/1.73 m2) and remained unchanged
among patients with eGFR �30 mL/min/1.73m2 (Figure
6A).

As expected for patients with impaired kidney function,
CP baseline mean serum bicarbonate was lower and serum
urea was higher in the eGFR <30 versus �30 mL/min/
1.73 m2 subgroup (Table 1). During SZC treatment, mean
serum bicarbonate increased from CP baseline to MP Day
8 by 1.0 and 0.9 mmol/L in the eGFR <30 and �30 mL/
min/1.73 m2 subgroups, respectively (P< 0.001 versus CP
baseline for both; Table 2). These increases were main-
tained over time, returning to pre-treatment levels follow-
ing SZC cessation (Figure 6B). Of note, greater
proportions of patients in the eGFR <30 versus �30 mL/
min/1.73 m2 subgroup were using oral sodium bicarbonate
therapy at CP baseline (16 versus 4%, respectively), and
more patients in the <30 versus �30 mL/min/1.73 m2 sub-
group initiated oral bicarbonate during the study (8% ver-
sus 1%). In both subgroups, serum urea initially decreased

at Day 8 but returned to pre-treatment levels by Day 365
(Table 2 and Figure 6C).

RAASi use during the study is presented in Table 2. Among
participants who were receiving RAASis at CP baseline, 70 and
78% maintained the same RAASi dose in the eGFR <30 mL/
min/1.73 m2 and �30 mL/min/1.73 m2 subgroups, respectively.
Corresponding proportions with a dose increase were 13 and
13% in both subgroups, with a dose decrease (not mutually ex-
clusive with respect to dose increases) 19 and 10% and with
RAASi discontinuation 14 and 8%. Of note, the proportion of
patients continuing on the same dose of mineralocorticoid re-
ceptor antagonist (MRA)-containing RAASi regimen was 5% in
both eGFR subgroups (Table 2). Among RAASi-naı̈ve partici-
pants at CP baseline, 27 and 8% initiated RAASis in the eGFR
<30 mL/min/1.73 m2 and �30 mL/min/1.73 m2 subgroups,
respectively.

D I S C U S S I O N

In this long-term study of outpatients with hyperkalaemia,
serum Kþ levels were normalized within 72 h of SZC initiation,
and normokalaemia (i-STAT Kþ 3.5–5.0 mmol/L) was
maintained for up to 12 months, regardless of CKD stage.
Administration of SZC appeared to similarly maintain normo-
kalaemia in those above and below an eGFR of 30 mL/min/
1.73 m2. After initiating SZC 10 g TID, normokalaemia was
achieved by 82% in both eGFR subgroups within 24 h, and by
100 and 95% of patients with baseline eGFR <30 and �30 mL/
min/1.73 m2, respectively, within 72 h during the CP.
Corresponding proportions with normokalaemia during the
MP were 76 and 88% at Day 8, respectively, and 82 and 90%
at Day 365, respectively. CP baseline and Days 8–365
absolute mean serum Kþ levels were 0.1 mmol/L higher (both
P< 0.001) in the baseline eGFR <30 versus �30 mL/min/
1.73 m2 subgroup. In contrast, Days 8–365 mean changes from
CP baseline of �0.87 and �0.86 in the baseline eGFR <30 and

Table 2. Continued

eGFR <3030mL/min/173m2 (n¼ 286) eGFR �30mL/min/173m2 (n¼ 451)

RAASi therapy at CP baseline 198/286 (69.2) 278/451 (61.6)
Stable dose 138/198 (69.7) 217/278 (78.1)

MRA-containing RAASi regimen 10/198 (5.1) 13/278 (4.7)
Non-MRA-containing RAASi regimen 128/198 (64.6) 204/278 (73.4)

Increased dosee 25/198 (12.6) 35/278 (12.6)
MRA-containing RAASi regimen 5/198 (2.5) 12/278 (4.3)
Non-MRA-containing RAASi regimen 20/198 (10.1) 23/278 (8.3)

Decreased dosee 38/198 (19.2) 29/278 (10.4)
MRA-containing RAASi regimen 5/198 (2.5) 10/278 (3.6)
Non-MRA-containing RAASi regimen 33/198 (16.7) 19/278 (6.8)

Discontinued 28/198 (14.1) 21/278 (7.6)
MRA-containing RAASi regimen 2/198 (1.0) 6/278 (2.2)
Non-MRA-containing RAASi regimen 26/198 (13.1) 15/278 (5.4)

Data are presented as n (%) or n/N (%) unless otherwise indicated.
aSafety population included all patients who received one or more dose of SZC during the given study phase and had any post-baseline follow-up for safety.
bPreferred terms included in the oedema SMQ were ascites, fluid overload, fluid retention, generalized oedema, local swelling, oedema, oedema peripheral, pericardial effusion, pleural
effusion and pulmonary oedema.
cAs reported by site with no specific threshold.
dDiscontinuation may be due to one or more AE.
eNot mutually exclusive—some patients had both dose increases and decreases during the course of therapy.
*P< 0.05, **P< 0.01, ***P< 0.001 versus CP baseline (paired t-test).

Sodium zirconium cyclosilicate in CKD 147



�30 mL/min/1.73 m2 subgroups, respectively, were not signifi-
cantly different (P¼ 0.765). Thus, as expected from its gastroin-
testinal site of action, SZC lowered serum Kþ equally among
patients with mild/moderate and severe/end-stage CKD.

These findings are consistent with previous SZC studies
that included patients with impaired renal function. In a
randomized, double-blind, placebo-controlled Phase 2 study
of 90 patients with hyperkalaemia and Stage 3 CKD (eGFR
30–60 mL/min/1.73 m2), SZC 3 g or 10 g TID rapidly and sig-
nificantly decreased serum Kþ levels within 48 h compared
with placebo [12]. In the HARMONIZE study of outpatients
with hyperkalaemia, of whom 66% of patients had CKD
(eGFR <60 mL/min/1.73 m2), 98% of patients achieved nor-
mokalaemia within 48 h of initiating SZC 10 g TID [2].

Other Kþ-binding agents also decrease serum Kþ levels in
patients with CKD. In randomized studies of patients with
Stage 3 or 4 diabetic kidney disease [13] or CKD receiving
RAASi therapy [14], patiromer significantly reduced serum Kþ

levels after 4 weeks of therapy. In a retrospective study among
adults with Stage 4/5 CKD or end-stage renal disease, single-
dose sodium polystyrene sulfonate therapy significantly de-
creased serum Kþ levels within 24 h, although serious gastroin-
testinal AEs, including ulceration and rectal haemorrhage, were
reported in 5% of patients [15].

In the current study, following discontinuation of SZC,
serum Kþ levels increased among patients in both eGFR sub-
groups at 1 week, but remained below pre-treatment levels. This
may reflect a gradual return to increased serum Kþ levels with-
out the reduction in Kþ absorption from the gastrointestinal
tract, as well as possible Kþ release from body intracellular
stores. Thus, SZC therapy may have a potential safety
window for patients missing doses of up to 1 week, during
which time mean serum Kþ would be expected to increase by
0.4–0.5 mmol/L.

In addition to the serum Kþ-lowering effects of SZC, serum
bicarbonate levels increased by the second week of treatment
and were maintained for 12 months in both eGFR subgroups.
Low bicarbonate levels are commonly observed among patients
with reduced renal function and are thought to be caused by
decreases in ammonia synthesis, bicarbonate regeneration and
hydrogen excretion in the kidneys [16]. When combined with
other acid excretion tubular defects, low bicarbonate leads to
metabolic acidosis, which is associated with multiple musculo-
skeletal complications, progression of CKD and increased mor-
tality [16, 17]. Therefore, the observed increases in serum
bicarbonate with SZC treatment, which are not due to changes
in oral sodium bicarbonate administration [10], may provide
potential benefits in terms of decreasing the risk of metabolic
acidosis, as well as reducing the need for alkali supplementation
with sodium bicarbonate.

During the initial weeks of SZC treatment, serum urea de-
creased in both subgroups but returned to pre-treatment levels
at 12 months (Figure 6C), consistent with the expected gradual
decline in eGFR over time (Figure 6A). Reductions in serum
urea and increases in serum bicarbonate have been observed in
other SZC studies [12, 18], and are thought to occur via a sepa-
rate mechanism by which SZC traps ammonium ions in the gut

[12, 19, 20]. Whether these changes in urea and bicarbonate
with SZC might reduce the rate of decline among patients with
more advanced CKD should be further evaluated, especially
since eGFR appeared relatively preserved during SZC treatment
among these patients and dropped further on SZC cessation
(Figure 6A), an effect not explained by changes in blood pres-
sure (Supplementary data, Figure S1).

To maintain normokalaemia over the 12-month study
period, higher mean daily doses of SZC were required among
patients with baseline eGFR <30 mL/min/1.73 m2 versus those
with eGFR �30 mL/min/1.73 m2. Over time, greater propor-
tions of patients in the lower versus higher eGFR subgroup
required SZC doses of 10 or 15 g QD to maintain normokalae-
mia, while the majority of patients in the higher eGFR subgroup
required a dose of 5 g QD (Figure 5). This suggests that, al-
though SZC can normalize serum Kþ levels in patients with
moderate-to-severe renal impairment, dose titration may be re-
quired for long-term maintenance of normokalaemia. This is
most likely due to their higher serum Kþ levels and a greater re-
quirement for medications that elevate serum Kþ, such as
RAASis.

Despite the benefits of optimal RAASi dosing for slowing
cardiovascular and kidney disease progression, many patients
received suboptimal dosing or discontinued RAASis, often due
to hyperkalaemia [21, 22]. Moreover, angiotensin-converting
enzyme inhibitors or angiotensin receptor blockers are often
not able to adequately reduce aldosterone levels, requiring the
addition of an MRA [23]. However, in cardiovascular treatment
guidelines, MRAs are contraindicated among patients with an
eGFR <30 mL/min/1.73 m2 [24], despite possible beneficial
effects of MRA in patients with advanced kidney disease [25].
In the current study, long-term control of hyperkalaemia was
achieved on the background of stable RAASi use (including
MRAs) in the majority of patients, regardless of the level of re-
nal impairment. In addition, although RAASi dose reductions
and discontinuations were more frequent in the eGFR<30 mL/
min/1.73 m2 subgroup, RAASis were also initiated more fre-
quently in the eGFR <30 mL/min/1.73 m2 versus the �30 mL/
min/1.73 m2 subgroup.

The overall incidence of AEs, serious AEs and AEs leading
to discontinuation was higher among patients in the eGFR<30
versus�30 mL/min/1.73 m2 subgroup. The greater incidence of
AEs among patients with moderate-to-severe or end-stage
CKD, particularly SMQ oedema, may be associated with these
patients having more comorbidities (19% versus 12% had a his-
tory of heart failure), use of other medications (45% versus 22%
used dihydropyridine calcium channel blockers; 52% versus
27% used diuretics) or level of renal impairment as patients
with more severe CKD lose the ability to excrete salt and water.

This analysis has several strengths, including its long dura-
tion of follow-up (up to 12 months) and an outpatient study
population in which �40% of patients had Stage 4 or 5 CKD,
allowing for the assessment of SZC efficacy and safety in this
patient subgroup.

The limitations of this analysis include its post hoc
nature, and open-label and single-arm study design with no
placebo control, which does not permit causal associations to be
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made between treatment and outcomes. In addition, the gener-
alizability of these findings may be limited as this study was not
designed exclusively to evaluate the efficacy and safety of SZC
in a CKD population.

In conclusion, this analysis suggests that SZC corrects hyper-
kalaemia and maintains normokalaemia in outpatients with
moderate-to-severe or end-stage CKD (eGFR <30 mL/min/
1.73 m2), with similar efficacy to that observed in those with
mild or moderate CKD or normal renal function (eGFR
�30 mL/min/1.73 m2).
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Supplementary data are available at ndt online.
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