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Abstract

Background Sodium zirconium cyclosilicate (SZC) is an oral potassium binder approved to treat hyperkalemia in adults in
a number of countries, including Japan.

Methods This phase 2/3, randomized, double-blind, placebo-controlled, dose-response study (ClinicalTrials.gov:
NCTO03127644) was designed to determine the efficacy and safety of SZC in Japanese adults with hyperkalemia. Patients
with serum potassium (sK*) concentrations > 5.1- < 6.5 mmol/L were randomized 1:1:1 to SZC 5 g, SZC 10 g, or placebo
three times daily for 48 h (six doses total). The primary efficacy endpoint was the exponential rate of change in sK* over 48 h.
The proportion of patients with normokalemia (sK* 3.5-5.0 mmol/L) at 48 h and adverse events (AEs) were also evaluated.
Results Overall, 103 patients (mean age, 73.2 years; range 50-89 years) received SZC 5 g (n=34), SZC 10 g (n=36), or
placebo (n=33). The exponential rate of sK* change from 0 to 48 h versus placebo was — 0.00261 (SZC 5 g) and — 0.00496
(SZC 10 g; both P <0.0001). At 48 h, the proportions of patients with normokalemia were 85.3%, 91.7%, and 15.2% with SZC
5 g, SZC 10 g, and placebo, respectively. No serious AEs were reported. Hypokalemia (sK* < 3.5 mmol/L) occurred in two
patients in the SZC 10 g group; normokalemia was re-established within 6 days and no treatment-related AEs were reported.
Conclusion SZC is effective and well tolerated in Japanese patients with hyperkalemia.
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Introduction

Hyperkalemia, a common electrolyte disorder defined by
elevated serum potassium (sK*), is often associated with
comorbidities such as chronic kidney disease (CKD), heart
failure (HF), and diabetes [1]. Hyperkalemia is also a com-
mon side effect of renin—angiotensin—aldosterone system
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inhibitors (RAASI), used in the management of CKD and
HF [2-4]. In Japan, the overall prevalence of hyperkalemia
in a hospital claims database population was 67.9 patients
per 1000; this increased to 227.9, 134.0, 108.4, and 142.2
patients per 1000 in those with CKD, HF, diabetes, and
RAASI therapy, respectively [1].

Severe hyperkalemia can cause serious cardiac arrhythmia
[5], and is associated with increased all-cause, in-hospital, and
cardiovascular death [6-8]. Large observational studies showed
a U-shaped relationship between sK* and mortality [9, 10],
with the 3-year incidence of in-hospital death in Japanese
patients lowest with sK* 4.0 mmol/L, and the risk of death
increasing over seven-fold at concentrations of 5.1-5.4 mmol/LL
[1].

Options for managing hyperkalemia in Japan are limited,
relying on dietary restrictions, cessation or modification of
inciting agents, and potassium elimination with non-specific
exchange resins, e.g., sodium polystyrene sulfonate (SPS) and
calcium polystyrene sulfonate (CPS) [11, 12]. Although SPS
and CPS have been widely used for several decades, their effi-
cacy and safety have been questioned [13—16]. There is a sig-
nificant need for novel treatments that correct and maintain sK*
within a safe range in Japanese patients with hyperkalemia.

Sodium zirconium cyclosilicate (SZC) is a novel, non-
absorbed, highly selective potassium binder which prefer-
entially entraps potassium ions in the gastrointestinal lumen
in exchange for hydrogen and sodium ions [17-19]. Bind-
ing of free potassium in the gastrointestinal lumen by SZC
increases fecal potassium excretion, consequently lowering
sK* concentration [17, 19, 20]. The efficacy and safety of
SZC were demonstrated in phase 3 studies of patients with
hyperkalemia with and without CKD or HF [18, 20, 21].
In these studies, SZC 10 g three times daily (TID) reduced
mean sK* concentration to within the normal range within
48 h, significantly reducing sK* versus placebo as early as
1-h post-baseline [18, 20]. Sustained potassium control for up
to 1 year has been demonstrated with SZC [18, 20-22]. SZC
is currently approved in a number of countries, including
Japan, for the treatment of hyperkalemia in adults [23-25].

Phase 3 studies of SZC performed to date included rela-
tively few patients of Asian ethnicity [18, 20, 21]. How-
ever, potassium intake varies between different countries
and cultures [26]; notably, consumption of potassium in the
Japanese population is lower than that of Western countries
[27]. Therefore, we performed a phase 2/3 dose-response
study to determine the efficacy and safety of SZC in Japa-
nese patients with hyperkalemia.

Methods
Study design

This phase 2/3, multicenter, randomized, double-blind,
placebo-controlled, dose—response confirmatory study
(ClinicalTrials.gov: NCT03127644) was conducted at 24
investigational sites in Japan between June 14, 2017 and
February 23, 2018. See Supplemental Materials for ethical
permissions and patient consent procedures.

The study comprised a screening visit, a 48-h treatment
period, and a 1-week follow-up visit (2 days) (Fig. 1). In
the treatment period, patients were randomized 1:1:1 to
receive double-blind treatment with SZC (5 g or 10 g) or
placebo TID for 48 h (six doses total); see Supplemental
Materials for details.

Patients

Eligible patients were adults aged > 18 years with hyper-
kalemia, defined as two consecutive potassium concentra-
tions of > 5.1 to £6.5 mmol/L, measured 60 (z 10) min
apart and within 1 day before study drug administration,
using a point-of-care i-STAT device (Abbott Point of Care,
Inc, Princeton, New Jersey, US). Key exclusion criteria
were symptoms or causes of pseudohyperkalemia, diabetic
ketoacidosis, cardiac arrhythmia requiring immediate treat-
ment, dialysis, and treatment with non-absorbed antibiot-
ics for hyperammonemia, resins, calcium acetate, calcium
carbonate, or lanthanum carbonate within 7 days before the
first dose of study drug. See Supplemental Materials for full
eligibility criteria.

Patients discontinued the study if they devel-

oped serious cardiac arrhythmia, acute HF,
SZC5gTID
$2C109TID | Follow-up
Placebo TID R
t 1 1 L)
| | | | |
ScreeningI Day 1 I Day 2 I Day 3 I Day 9 (+2) !

tK* measured by i-STAT and central laboratory

Fig. 1 Study design. *Potassium concentrations measured before, and
1, 2, and 4 h after administration of the first dose. PPotassium con-
centrations measured before, and 1 and 4 h after the first dose. Ran-
domization was stratified according to estimated glomerular filtration
rate <60 mL/min/1.73 m? or>60 mL/min/1.73 m% K* potassium, R
randomization, SZC sodium zirconium cyclosilicate, TID three times
daily
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or potential hyperkalemia-related electrocardiogram
(ECG) changes, or if their i-STAT potassium concentra-
tion was > 6.5 mmol/L. Patients discontinued study treat-
ment if they had a confirmed i-STAT potassium concen-
tration of < 3.0 mmol/L. Patients with i-STAT potassium
levels > 3.0 to < 3.4 mmol/L on days 1 or 2 were to dis-
continue the study drug for the remainder of the day and
return the next day for evaluation to determine whether
treatment could be continued.

Assessments

All potassium samples were measured using both an i-STAT
point-of-care device and by the central laboratory. Real-time
assessment of potassium by i-STAT was used to determine
study eligibility and to guide treatment decisions. Efficacy
was evaluated using central laboratory measurements of
sK™*. Potassium concentrations were measured prior to study
drug administration. Patients attended the clinic on day 1
(visit 2), day 2 (visit 3), day 3 (visit 4), and follow-up period
(end of study), and fasted for a minimum of 8 h prior to
blood sampling. Safety assessments included AE recording,
physical examination, vital signs, laboratory measures, and
ECG. Study assessments are detailed in the Supplemental
Materials.

During the study, patients could not receive alternative
hyperkalemia treatment (including medication). No dietary
recommendations or restrictions to limit potassium intake
were advised to patients. Insulin use was not restricted; all
serum measurements were collected prior to insulin treat-
ment. Oral medications with gastric pH-dependent bioavail-
ability were administered at least 2 h before or after study
drug to mitigate the risk of drug—drug interactions (Sup-
plemental Materials).

Study endpoints

The primary efficacy endpoint was the exponential rate of
change in sK* concentration during the initial 48 h of treat-
ment. Baseline sK* measurements are summarized in the
Supplemental Materials.

The key secondary efficacy endpoint was the proportion
of patients achieving normokalemia (sK* 3.5-5.0 mmol/L)
at 48 h after first dose. Other secondary efficacy endpoints
included the proportion of patients achieving normokalemia
at 48 h and at each scheduled sK* assessment time point
after start of dosing, mean change from baseline in sK* con-
centration at all time points post-dose, and time to normali-
zation of sK* concentration.

Safety, tolerability, and treatment compliance were also
assessed (Supplemental Materials).

@ Springer

Statistical analysis

All statistical analyses were performed using SAS® version
9.4 (SAS Institute, Inc, Cary, North Carolina, US). Target
sample size calculations are described in the Supplemental
Materials.

Efficacy analyses were performed on all randomized
patients (full analysis set). Exponential rate of change was
analyzed using a random coefficient model. Estimates of
treatment difference in slopes (i.e., coefficients for the time
by treatment interaction for each dose) are presented for both
SZC groups with 95% Cls as well as two-sided P values for
pairwise comparison with placebo. Further details of the sta-
tistical methods for efficacy evaluation, including sensitivity
and subgroup analyses are summarized in the Supplemental
Materials.

Safety analyses were performed in all patients receiv-
ing > 1 dose of study drug (safety analysis set) summarized
in the Supplemental Materials.

Results
Patient disposition and baseline characteristics

Of 151 patients enrolled, 48 did not meet eligibility crite-
ria; thus, 103 patients were randomized (SZC 5 g, n=34;
SZC 10 g, n=36; placebo, n=33; Fig. 2). The study was
completed by 101 patients (98.1%); two patients (1.9%)
in the placebo group discontinued after developing sK*
concentrations > 6.5 mmol/L.

Baseline patient characteristics were generally well bal-
anced across treatment groups (Table 1). Mean age was
73.2 years (range 50-89 years) and 74.8% were male. Most
patients had comorbidities based on medical history, and
all patients had received prior and concomitant medications
(Table 1).

Most patients (97.1%) were compliant with the study
medication; three patients in the placebo group did not meet
treatment compliance parameters.

Exponential rate of change in sK* concentration
at48h

At 48 h, exponential rates of change in sK* concentration
from baseline were reduced by 0.27% and 0.51% per hour
with SZC 5 g and 10 g, respectively. These improvements
were significantly greater with SZC 5 g (— 0.00261) and
10 g (— 0.00496) versus placebo (both P <0.0001; Table 2).
Numerical comparison of the slope values for SZC 5 g and
10 g suggested dose dependency.

Results of a sensitivity analysis evaluating the effect
of different potassium analytical assays on the primary
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Fig.2 Study flow diagram. Randomization was stratified according to estimated glomerular filtration rate <60 mL/min/1.73 m? or>60 mL/

min/1.73 m% sK* serum potassium, SZC sodium zirconium cyclosilicate

endpoint were consistent with the primary analysis (Sup-
plemental Table 1).

The exponential rate of change was greater in patients in
both SZC groups versus placebo across patient subgroups
(Supplemental Table 2).

Proportions of patients with normokalemia

At 48 h, more patients were normokalemic in both the SZC
5 2(85.3%) and 10 g (91.7%) groups versus placebo (15.2%;
Table 3). The odds ratios [OR; 95% confidence intervals
(CI)] relative to placebo were 46.5 (10.1-213.2) and 71.8
(13.5-382.3), respectively (nominal P <0.0001 for both).
Results of the sensitivity analysis using i-STAT potassium
data (Supplemental Table 3) as well as those from the sub-
group analysis (Supplemental Fig. 1) were consistent with
the overall results.

The odds of achieving normokalemia at 24 h was greater
for the SZC 10 g group versus placebo: OR 15.3 (95% CI
4.0-58.7); nominal P <0.0001 (Table 3).

Following administration of SZC 10 g, 47.2% of patients
attained normokalemia within 1 h, and a higher proportion
of patients were normokalemic at all time points through-
out the treatment period compared with placebo (Fig. 3).
Following SZC 5 g, a higher proportion of patients were
normokalemic from 4 h post-dose onwards compared with
placebo. Similar results were achieved across patient sub-
groups (data not shown).

Mean change from baseline in sK* concentration

Mean sK* concentration decreased from baseline to a
greater degree with SZC 5 g and 10 g versus placebo
over time (Fig. 4). Differences in the sK*-lowering
effect were observed at 1 h after the first dose of SZC
10 g (mean change from baseline numerical reduction
of — 0.37 mmol/L for SZC 10 g vs. — 0.13 mmol/L for
placebo). During study day 2 (from 24 to 48 h), numeri-
cally greater mean reductions in sK* concentration were
observed at all time points in the SZC 10 g and 5 g dose
groups than with placebo (Fig. 4). Reductions in sK™*

@ Springer
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Table 1 Patient demographics and baseline characteristics (full analysis set)

Characteristic SZC5g(n=34) SZC 10 g (n=36) Placebo (n = 33) Total (N=103)
Age, years, mean (SD) 72.4(7.9) 71.1(7.6) 76.1 (6.8) 73.2(7.7)
Male, n (%) 26 (76.5) 28 (77.8) 23 (69.7) 77 (74.8)
Japanese race, n (%) 34 (100) 36 (100) 33 (100) 103 (100)
Weight, kg, mean (SD) 63.2 (11.6) 64.6 (14.7) 61.2 (10.7) 63.0 (12.5)
sK* concentration, mmol/L, mean (SD) 5.6 (0.4) 5.5(0.4) 5.7(0.4) 5.6 (0.4)
sK* concentration group, mmol/L, n (%)

<53 10 (29.4) 12 (33.3) 6(18.2) 28 (27.2)

5.3-5.5 6 (17.6) 12 (33.3) 12 (36.4) 30 (29.1)

>5.5 18 (52.9) 12 (33.3) 15 (45.5) 45 (43.7)
eGFR, mL/min/1.73 m%? mean (SD) 24.2 (14.3) 29.4 (16.6) 24.5 (13.5) 26.1 (14.9)
eGFR group, mL/min/1.73 m?,* n (%)

<15 10 (29.4) 9 (25.0) 11 (33.3) 30 (29.1)

15-<30 17 (50.0) 13 (36.1) 11 (33.3) 41 (39.8)

30-<60 7 (20.6) 11 (30.6) 11 (33.3) 29 (28.2)

>60 0(0.0) 3(8.3) 0(0.0) 3(29)
Serum bicarbonate, mmol/L, mean (SD) 19.9 (2.8) 20.3 (3.2) 19.4 (3.2) NA®
Serum urea nitrogen, mmol/L, mean (SD) 14.8 (6.1) 12.8 (5.0) 14.6 (6.6) NA®
Comorbidity,® 1 (%)

Chronic kidney disease 26 (76.5) 26 (72.2) 26 (78.8) 78 (75.7)

Diabetes 22 (64.7) 24 (66.7) 16 (48.5) 62 (60.2)

Heart failure 7 (20.6) 3(8.3) 4(12.1) 14 (13.6)
Concomitant medication use, n (%)

RAAS:I therapy 27 (79.4) 26 (72.2) 27 (81.8) 80 (77.7)

Diuretics 17 (50.0) 9 (25.0) 11 (33.3) 37 (35.9)

eGFR estimated glomerular filtration rate, NA not available, RAASi renin—angiotensin—aldosterone system inhibitor, SD standard deviation sK*
serum potassium, SMQ Standardized Medical Dictionary for Regulatory Activities Queries, SZC sodium zirconium cyclosilicate

3eGFR estimated using the equation generated by the Japanese Society of Nephrology, with serum creatinine measured at the randomization visit
"Based on medical history by SMQ (narrow) search (ongoing)
“Not calculated

Table 2 Exponential rate of change in sK* concentration per hour from baseline to 48 h after administration of SZC (full analysis set)

Treatment group Exponential rate of change Comparison with placebo P value

Estimate SE 95% C1 Estimate SE 95% CI

SZC5¢g(m=34) -0.00273 0.000276  —0.00328 to — 0.00219  —0.00261 0.000385 - 0.00337 to —0.00185 <0.0001
SZC10g(n=36) —0.00508 0.000269 —0.00561to —0.00455 —0.00496 0.000380 —0.00571to—0.00420 <0.0001
Placebo (n=33) —0.00012  0.000288  —0.00069 to 0.00045 - - - -

Negative exponential rate of change relative to placebo indicates more rapid reduction (correction) of sK*. Serial log, (sK* concentration) values
from O to 48 h were modeled using a random coefficient model, including fixed effects of intercept, time, time by treatment, and patient-level
random effects for time and intercept

ClI confidence interval, SE standard error, sK* serum potassium, SZC sodium zirconium cyclosilicate
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Table 3 Proportiop of Treatment group Time point, h  Patients with nor- Comparison with placebo?
normokalemic patl.en.ts at .48 mokalemia, n (%) :
and 24 h after administration of OR 95% CI P value
SZC (full analysis set)
SZC5¢g(n=34) 24 12 (35.3) 1.3 0443 0.6167
48 29 (85.3) 46.5 10.1-213.2 <0.0001
SZC 10 g (n=36) 24 30(83.3) 153 4.0-58.7 <0.0001
48 33 (91.7) 71.8 13.5-382.3 <0.0001
Placebo (n = 33) 24 9(27.3) - - -
48 5(15.2) - - -

Patients with missing sK* concentration data were regarded as not normokalemic

ClI confidence interval, OR odds ratio, skt serum potassium, SZC sodium zirconium cyclosilicate

*Logistic regression model including treatment and baseline sK* concentration as explanatory variables

were used

®Nominal P value

- SZC5g(n=34) —A SZC10g(n=36) Placebo (n = 33)

100

50 +

Patients (%) achieving normokalemia

242528 48

Time (h)

Fig.3 Proportion of normokalemic patients over time after admin-
istration of SZC (full analysis set). Normokalemia defined as sK*
3.5-5.0 mmol/L. sK* serum potassium, SZC sodium zirconium cyclo-
silicate

from baseline were observed with SZC regardless of
CKD stage, and results were consistent across patient
subgroups (data not shown).

Time to normalization of sK* concentration

Median time to normalization of sK* concentration was
shorter with SZC 10 g versus placebo (1.8 h vs. 3.9 h; log-
rank nominal P =0.0006), and was similar for the SZC 5 g
and placebo groups (3.9 h and 3.9 h, respectively; log-
rank nominal P =0.0586; Supplemental Fig. 2).

9-SZC5g(n=34) -« SZC10g(n=236) Placebo (n = 33)
6.0
5.5
5.0 1

4.54

4.04

Mean (SD) serum K* (mmol/L)

242528 48
Time (h)

Fig.4 sK* concentrations (mmol/L) over time after administra-
tion of SZC (mean+SD) (full analysis set). The shaded area of the
graph represents the range for normokalemia (sK* 3.5-5.0 mmol/L).
SD standard deviation, sK* serum potassium, SZC sodium zirconium
cyclosilicate

Safety

Treatment-emergent AEs (TEAEs) were reported in four
(11.8%), five (13.9%), and one (3.0%) patient in the SZC
5 g,SZC 10 g, and placebo groups, respectively (Table 4).
All TEAEs were mild. Apart from one patient who expe-
rienced five episodes of tremor, AEs were single occur-
rences. TEAEs considered by the Investigator to be SZC-
related were reported in two (5.6%) patients in the SZC
10 g group (tremor and ventricular extrasystole) and one
(2.9%) patient in the SZC 5 g group (constipation). No
TEAEs of hypokalemia, death, serious AEs, AEs leading
to discontinuation, or other AEs deemed significant were
reported.
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Table 4 AEs (safety analysis AEs, 1 (%) SZC5g(n=34) SZC10g(n=36) Placebo (n =
set) 33)
Any AE 4(11.8) 5(13.9) 1(3.0)
Constipation 12.9) 0(0.0) 0(0.0)
Erythema 0 (0.0) 1(2.8) 0(0.0)
Hypoglycemia 0 (0.0) 1(2.8) 0(0.0)
Nephrogenic anemia 12.9) 0(0.0) 0(0.0)
Respiratory tract infection 0 (0.0) 0(0.0) 1(3.0)
Tension headache 0 (0.0) 1(2.8) 0(0.0)
Thirst 1(2.9) 0(0.0) 0(0.0)
Tremor 0(0.0) 1(2.8) 0(0.0)
Ventricular extrasystoles 0 (0.0) 1(2.8) 0(0.0)
Viral upper respiratory tract infection 1(2.9) 0(0.0) 0(0.0)
SAEs 0(0.0) 0(0.0) 0(0.0)
Death 0(0.0) 0(0.0) 0(0.0)
Any AE leading to discontinuation of study drug 0 (0.0) 0(0.0) 0(0.0)
Any causally related AE 12.9) 2(5.6) 0(0.0)

Patients with multiple events in the same category were counted only once in that category. Patients with
events in more than one category were counted once in each of those categories. AEs with an onset date on
or after first dose of study drug, but on or before day 3, are included as treatment-emergent AEs. Percent-
ages are based on the total numbers of patients in the treatment group (N)

AE adverse event, SAE serious adverse event, SZC sodium zirconium cyclosilicate

No clinically relevant trends were apparent in the mean
changes from baseline in hematology values, except for
sK*. Dose-related increases in mean bicarbonate levels
were observed with SZC 5 g (0.64 mmol/L) and SZC 10 g
(1.49 mmol/L) compared with placebo (— 0.46 mmol/L)
on study day 3. Two patients in the SZC 10 g group had a
lowest sK* concentration of < 3.5 mmol/L, based on central
laboratory assessment, during day 1 to day 3; one of the
two patients developed sK™ concentration < 3.0 mmol/L.
Values returned to within the normal range by 6 days after
dosing. No TEAEs were reported in either patient.

No clinically relevant dose-related changes from baseline
in body weight, blood pressure, or heart rate were observed.
An overall mean increase from baseline in QTc (corrected
by Bazett’s, QTcB) was seen on day 3 of 8.8 ms (SZC 5 g)
and 15.6 ms (SZC 10 g), compared with a decrease of 0.6 ms
with placebo. The proportions of patients who experienced
a change in QTcB interval > 30 ms on study day 3 were:
SZC 5 g, 5.9%; SZC 10 g, 16.7%; and placebo, 0.0%. No
abnormal ECG findings were reported for either of the two
patients who developed transient hypokalemia.

Discussion

This is the first randomized controlled study to report the
efficacy and safety of different doses of SZC in Japanese
patients with hyperkalemia. SZC was effective in reduc-
ing sK*, supporting the use of SZC in this population. The

@ Springer

efficacy endpoints evaluated were consistent with those from
previous phase 3 studies of SZC [18, 20], enabling an indi-
rect comparison of efficacy across different populations.

Our study met its primary efficacy endpoint; both SZC
5 g and 10 g resulted in significantly greater exponential
decreases in sK* concentration from baseline at 48 h versus
placebo. The exponential rate of change was selected as a
more clinically relevant endpoint than absolute change from
baseline, since it incorporates the time to onset of effect and
all sK* measurements throughout the 48 h. The reductions
in this study are comparable with those seen in previous
phase 3 studies of SZC (i.e., ~0.2-0.3% per hour) [18, 20].

The results of the secondary efficacy analyses support the
primary analysis and indicate that SZC is effective for the
rapid correction of sK*. Following administration of SZC
10 g, reductions in sK* concentration were observed as early
as 1 h after baseline, median time to normalization was <2 h,
and most patients were normokalemic at 24 h. Consistent
with phase 3 studies of SZC in the non-Japanese population,
almost all patients who received SZC 10 g (91.7%) were nor-
mokalemic at 48 h [18, 20]. Furthermore, our results suggest
dose-dependent efficacy, with SZC 10 g being more effica-
cious in normalizing sK™ than 5 g, as observed previously
[18, 20, 21]. These results were achieved without dietary
restriction of potassium intake.

Treatment with placebo resulted in an unsustained reduc-
tion in mean sK* concentration, with the lowest measure-
ments in the placebo group observed 4 h post-administra-
tion. Acute reduction of sK* within the first 4 h of placebo
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administration has been observed in an earlier study of SZC
[18]. The mechanism of this reduction is unknown, and
could possibly reflect the circadian rhythm of sK* concen-
tration [28] or abrupt changes in diet and daily routine due
to the interventions within the clinical trial environment.

The overall safety and tolerability profile for SZC in the
first 48 h of treatment was favorable, consistent with that
observed in the non-Japanese population described pre-
viously; no new safety concerns were identified [18, 19].
Despite the sK*-lowering effects of SZC, no TEAEs of
hypokalemia were reported. Two patients experienced tran-
sient sK* < 3.5 mmol/L following treatment with 10 g SZC;
however, normokalemia was re-established within 6 days.
No patients reported TEAEs of edema, which have been
observed in previous clinical trials [23, 24]. The increase
in QTc interval observed in patients treated with SZC was
considered clinically insignificant and was consistent with
changes reported in a previous phase 3 study of SZC [18].
QT interval is known to be shortened in hyperkalemia and
to lengthen with the decreasing sK* concentration as hyper-
kalemia is corrected [29]. Overall, the efficacy and toler-
ability data for SZC in the Japanese population suggest that
acute SZC treatment for 48 h, at the doses recommended,
is a valid treatment option for hyperkalemia in the Japanese
population.

Hyperkalemia is common in patients receiving RAASi
[3] and can prevent at-risk patients (e.g., those with HF or
CKD) from receiving the optimal dose of RAASIi required to
improve survival. SZC normalized sK* in patients receiving
RAASI, suggesting that SZC may avoid the need for dose
reduction or discontinuation of RAASI in patients experienc-
ing hyperkalemia.

Patients with CKD, HF, and diabetes are prone to hyper-
kalemia [2, 3, 6, 7]. As such, our study included patients
with many concomitant diseases and treatments; propor-
tions of patients at baseline with comorbid CKD, diabetes,
or receiving RAASi were high, reflecting their real-world
prevalence among Japanese patients with hyperkalemia
[1]. This is also consistent with the study groups included
in phase 3 studies of SZC in the non-Japanese population
[18, 20, 21]. Fewer patients in our study had HF at baseline
compared with other studies of SZC [18, 20], potentially
reflecting the lower rate of HF typically seen in Japanese
patients compared with patients from other countries [30].
Our study can, therefore, be considered representative of the
general Japanese population of patients with hyperkalemia.

Limitations include, first, that the study was conducted
among ambulatory patients, and patients who had potas-
sium concentrations > 6.5 mmol/L or required dialysis
were excluded. Therefore, the efficacy of SZC in these
groups and in hospitalized patients among the Japanese

population could not be determined. Second, clinical end-
points other than sK* concentration were not assessed.
Finally, the efficacy of maintenance therapy with SZC was
not assessed. However, the efficacy of SZC in the dialysis
[31] and emergency settings [32], as well as the impact of
SZC on RAASI dosing [22], in predominantly non-Asian
populations has been reported previously. Furthermore,
the short-term study duration reflects the urgency with
which hyperkalemia needs to be corrected and the rapid-
ity with which SZC exerts its effects. Further studies
have been conducted to evaluate the long-term efficacy
and tolerability of SZC as well as the optimal SZC dose
required for maintenance therapy in the Japanese popula-
tion (NCT03172702).

In conclusion, SZC at both 5 g and 10 g given TID for
48 h was efficacious in reducing sK* in Japanese patients
with hyperkalemia and provided rapid attainment of nor-
mokalemia. SZC was well tolerated and no new safety
concerns were identified. The results support the approval
of SZC for the management of hyperkalemia in Japanese
patients.
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