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Dose effect analysis of sodium zirconium cyclosilicate
in hemodialysis patients

To the Editor:
DIALIZE was an international, randomized, double-blind,
placebo-controlled, Phase 3b study that evaluated sodium
zirconium cyclosilicate (SZC), a highly-selective non-
absorbed potassium binder, in patients with end-stage kid-
ney disease (ESKD) who had persistent hyperkalemia
despite maintenance hemodialysis.1 In DIALIZE, SZC
reduced pre-dialysis serum potassium after the long inter-
dialytic interval (LIDI) compared with placebo and was
well tolerated.1 Recent recommendations suggest that data
describing the efficacy and safety of potassium binders in
this patient population should be expanded.2

Patients with ESKD tend to accumulate fluid, and
achieving fluid balance is a vital outcome of hemodialy-
sis.3,4 High interdialytic weight gain (IDWG) and ultrafil-
tration rate (UFR) during hemodialysis are associated
with adverse cardiac outcomes, morbidity, and mortal-
ity.3,4 Minimizing these parameters, while optimally con-
trolling systolic blood pressure (SBP) and diastolic blood
pressure (DBP), are key goals in hemodialysis manage-
ment. The zirconium cyclosilicate ring of SZC exchanges
bound hydrogen and sodium ions for potassium and
ammonium in a 1:1 ratio.5 A potential clinical concern of
SZC treatment is how much sodium is released during
potassium exchange and its impact on fluid retention.6

Each 5 g dose of SZC contains 400 mg of sodium;7,8 thus,
the maximum sodium amount in each dose is 17.4 mmol,
and it is unlikely that all sodium in SZC is exchanged.6

In DIALIZE, no consistent, clinically relevant effects on
fluid balance variables, including IDWG and blood pres-
sure, were observed with SZC overall.7,8 This post hoc
analysis aimed to assess the impact of increasing doses of
SZC on fluid balance parameters in the DIALIZE study.

Full details of the DIALIZE study have been publi-
shed elsewhere.1 The study was performed in accordance
with the Declaration of Helsinki, the International Coun-
cil for Harmonisation, and Good Clinical Practice, and all
participants provided written informed consent. The
study comprised an 8-week treatment period, during
which patients underwent 4 weeks of dose titration,

followed by 4 weeks of evaluation on a stable dose. After
randomization (1:1) to receive an oral starting dose of 5 g
SZC or placebo once-daily on non-dialysis days (4 days/
week), the doses of SZC and placebo were adjusted
weekly in 5 g increments (up to a maximum dose of 15 g
once-daily) over 4 weeks to attain pre-dialysis serum
potassium concentration of 4.0–5.0 mmol/L after the
LIDI. This post hoc analysis of the safety analysis popula-
tion (N = 195) assessed mean changes from baseline
(visit 1, day �7) to end of treatment (EOT) in IDWG (kg;
measured after the LIDI), UFR (mL/kg/h), SBP (mmHg),
and DBP (mmHg). EOT was visit 15 (day 57) for IDWG
and UFR, and visit 14 (day 50) for SBP and DBP. Ana-
lyses were stratified according to the SZC dose adminis-
tered at the last visit of the dose-titration period (visit
11, day 29), as dose adjustment to achieve target serum
potassium concentration during the dose-titration period
was a confounding factor. Findings in the placebo group
overall are also shown.

During the 4-week evaluation period, 96 patients
received SZC at stable doses of 5 g (n = 38), 10 g
(n = 41), and 15 g (n = 17), and 99 patients received pla-
cebo. Baseline (visit 1, day –7) characteristics were gener-
ally balanced between the groups, except for: mean age
was higher in the placebo group (60.4 years) versus the
SZC 5 g, 10 g, and 15 g groups (54.5–57.5 years); there
were fewer female patients in the SZC 15 g group (29.4%)
versus the SZC 5 g (42.1%), 10 g (46.3%), and placebo
(41.4%) groups; and mean bodyweight was higher in the
SZC 15 g group (83.8 kg) versus the SZC 5 g (73.4 kg),
10 g (73.0 kg), and placebo groups (70.0 kg).

Fluid balance parameters at baseline are shown in
Table 1. Mean IDWG, SBP, and DBP at baseline were com-
parable between the SZC 5 g, 10 g, and placebo groups
(Table 1), and were higher in the SZC 15 g group (3.6 kg,
156.3 mmHg, and 89.7 mmHg, respectively). Mean UFR at
baseline was higher in the SZC 10 g group (10.620 mL/kg/h)
compared with the other treatment groups (Table 1). Mean
changes in fluid balance parameters from baseline to EOT
are shown in Table 1. Mean changes from baseline in IDWG
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and UFR were not clinically meaningful between the SZC
5 g (0.0 kg and �0.770 mL/kg/h), 10 g (0.4 kg and –
0.030 mL/kg/h), 15 g (�0.1 kg and 0.306 mL/kg/h), and pla-
cebo groups (�0.1 kg and 0.396 mL/kg/h). Mean SBP and
DBP decreased from baseline to a greater extent as SZC dose
increased from 5 g (�1.6 and �0.2 mmHg) to 10 g (�1.8 and
�3.2 mmHg) and 15 g (�9.4 and �7.8 mmHg); mean
changes from baseline with placebo were 1.3 and
�0.1 mmHg, respectively (Table 1, Figure 1).

Overall, no consistent, clinically meaningful, dose-
dependent increases from baseline in IDWG or UFR were
observed with SZC. The greatest reductions from baseline

in SBP and DBP were observed with SZC 15 g. This
observation is likely due to these patients having higher
baseline SBP and DBP values, in addition to a smaller
sample size than for the other dosing groups, and so
these reductions in blood pressure likely indicate regres-
sion to the mean which is unrelated to SZC. The impact
of SZC dose on serum bicarbonate was not assessed here;
however, increases in serum bicarbonate levels have been
shown with SZC in a dose-dependent manner in Phase
3 studies of patients with hyperkalemia.9 Indeed, in
patients on maintenance dialysis in DIALIZE, similar
increases from baseline in serum bicarbonate were
observed with SZC overall at Day 57 (mean [SD]: SZC
+0.5 [2.3] mmol/L, placebo �0.3 [3.1] mmol/L).1 This
observed increase in serum bicarbonate is likely due to
SZC binding of gastrointestinal ammonium. The impact
of dose titration in each SZC dose group and the post hoc
nature of the analysis should be considered when inter-
preting these findings. In conclusion, these findings
suggest that SZC dose can be adjusted from 5 g to 15 g on
non-dialysis days to attain pre-dialysis serum potassium
concentrations of 4.0–5.0 mmol/L without affecting
safety with respect to short-term fluid balance.
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TAB L E 1 Baseline values and changes from baseline to EOT in fluid balance parameters

Parameter, mean (SD) SZC 5 g (n = 38) SZC 10 g (n = 41) SZC 15 g (n = 17) Placebo (N = 99)

IDWG, kg

Baselinea 2.9 (1.4) 2.9 (0.9) 3.6 (1.7) 2.9 (1.6)

Change to EOTb 0.0 (1.4) 0.4 (1.2) �0.1 (1.3) �0.1 (1.6)

UFR,c mL/kg/h

Baselinea 9.641 (3.980) 10.620 (3.733) 9.601 (3.335) 9.122 (4.387)

Change to EOTb �0.770 (3.378) �0.030 (2.660) 0.306 (2.844) 0.396 (3.267)

SBP, mmHg

Baselinea 147.3 (27.2) 147.0 (24.8) 156.3 (21.3) 144.5 (22.6)

Change to EOTd �1.6 (23.9) �1.8 (14.5) �9.4 (24.1) 1.3 (20.5)

DBP, mmHg

Baselinea 79.6 (14.5) 78.5 (14.0) 89.7 (12.4) 78.2 (14.0)

Change to EOTd �0.2 (10.9) �3.2 (8.6) �7.8 (14.6) �0.1 (12.1)

Abbreviations: DBP, diastolic blood pressure; EOT, end of treatment; IDWG, interdialytic weight gain; SBP, systolic blood pressure; SD, standard deviation;

SZC, sodium zirconium cyclosilicate; UFR, ultrafiltration rate.
aVisit 1, day �7.
bVisit 15, day 57.
cCalculated as: actual ultrafiltration (mL)/pre-dialysis weight (kg)/dialysis duration (h).
dVisit 14, day 50.

F I GURE 1 Changes from baseline to EOT (visit 14, day 50) in

blood pressure parameters. DBP, diastolic blood pressure; EOT, end

of treatment; SBP, systolic blood pressure; SZC, sodium zirconium

cyclosilicate [Color figure can be viewed at wileyonlinelibrary.com]
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