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Drug ‘ Sodium zirconium cyclosilicate (Lokelma)

Indication Treatmentof hyperkalemiain adults

Reimbursementrequest Corrective treatmentof hyperkalemia in adults.

Maintenance treatmentof hyperkalemia in adults with chronic kidney disease (CKD) with an
estimated glomerular filtration rate (eGFR) < 30 mL/min/1.73 m2who have experienced at
least 2 hyperkalemic events and are sub-optimally managed on renin angiotensin
aldosterone system inhibitor (RAASI) therapy

Dosage form(s) and route of 5 g or 10 g powderfor oral suspension
administration) and strength(s)

NOC date July 25, 2019
Sponsor AstraZeneca Canada Inc.

Executive Summary

Introduction

Hyperkalemia occurs when the amountof potassium in the blood is above the normal range
of 3.5 mmol/Lto 5.0 mmol/L. The severity can be defined as mild (5.5 mmol/Lt0 5.9
mmol/L), moderate (6.0 mmol/L to 6.4 mmol/L), orsevere (> 6.5 mmol/L). Ahigh potassium
level affects the propagation of electrical signals and is particularly damaging to the cardiac
system. Of greatestconcern is the development of life-threatening cardiac arrythmias and
death.

The exact incidence of hyperkalemiain the general populationis unclear; however,itis
highestin patients with chronic kidney disease (CKD) or maintenance dialysis. Drug-
induced hyperkalemiais more likely to happen among patients who have hypertension,
diabetes, or CKD while on medications, such as renin-angiotensin-aldosterone system
inhibitor (RAASIs) therapies for the treatment of hypertension, congestive heartfailure, or
myocardial infarction. These include the commonly used angiotensin-converting enzyme
inhibitors (ACEIs) and angiotensin receptor blockers. Other medications, such as
nonsteroidal anti-inflammatory drugs, can also increase the risk of hyperkalemia. Mild
hyperkalemia can be asymptomatic, while higher potassium levels can cause nausea,
muscle pain, weakness, paresthesia, or palpitations. The managementof hyperkalemia
depends onwhetheritis acute or chronic as well as on its severity. Severe hyperkalemia
needs emergency treatmentto correct the serum potassium level. Chronic hyperkalemia,
particularly when due to CKD or the use of RAASI medications to reduce the risk of
cardiovascular events, may require long-term maintenance treatment.

Sodium zirconium cyclosilicate (SZC) is a potassium binderthat increases potassium
excretion. Health Canada granted SZC a Notice of Compliance (NOC) on July 25, 2019 for
the treatmentof hyperkalemia in adults with serum potassium levels greaterthan 5.0
mmol/L. The dosing forthe acute phaseis 10 g three times daily for up to two days. Once
normokalemiais achieved (3.5 mmol/Lto 5.0 mmol/L), a maintenance dose may be
initiated at 5 g to 10 g once daily or 5 g once every otherday. Other potassium binders are
also available. These include sodium polystyrene sulfonate (SPS), calcium polystyrene
sulfonate (CPS), and patiromer. Maintenance treatmentof mild or moderate hyperkalemia
may include dietary modification to reduce potassium intake, discontinuation of potassium
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supplements, and discontinuation or reduction in the dosages of medications thatincrease
potassium, such as the RAASI therapies.

The objective of this report wasto perform a systematic review of the beneficial and harmful
effectsof SZC 5 g and 10 g powder for oral suspension to treat hyperkalemia in adults.

Stakeholder Engagement

Patient Input

One jointsubmission from two patientgroups, The Kidney Foundation of Canada and
Diabetes Canada, was received for this review. Information from patients was gathered
from an online survey. Seven respondents participated, all of whom identified as living with
CKD and four of whom also reported having diabetes. Regulating potassium levelsis a
concern for patients with CKD, particularly those undergoing dialysis. This can be
accomplished partly through lifestyle changes; however, patients described these changes
as being highly restrictive, to the pointof having a negative impacton their quality of life.
Two patients reported having experience with SPS, a potassium binder, for hyperkalemia.
They indicated dislike for the texture and taste of the medication and a desire to have it
available in pill form. Mostrespondents said the following concerns were importantor very
importantto them: fatigue, interference with sleep, edema of the foot, effecton mood,
interference with other medications, changes in appetite, cost, and length of time on the
medication. Patients also noted concerns about side effects and drug efficacy as other
importantfactors when choosing a new medication for CKD.

Clinician Input!

Two clinical experts with expertise in cardiovascular and kidney disease provided inputfor
this review. Hyperkalemia is treated by withdrawing medications thatincre ase potassium,in
particularthe RAASI therapies and mineralocorticoid receptor antagonists. However, this
approach meansthat patients will lose the cardio- and renal protective effects of RAASi and
be at higherrisk of adverse clinical outcomes. Other treatments for chronic hyperkalemia
include SPS, diuretics, or laxatives. All treatments include dietary counselling to modify
foodsthat are high in potassium. The goal of treatmentis to preventlife-threatening
arrhythmias and enable optimal dosing of RAASI. SZC would be considered an adjunct
treatment, primarily in patients who experience hyperkale mia while on RAASI. Given that
hyperkalemiais usually asymptomatic, blood testing of serum potassium is needed to
identify patientsin need of treatmentand to monitor them afterward. Patients with serum
potassium levels of lessthan 5.5 mmol/L are least suitable for treatment. While serum
potassium isthe immediate, surrogate outcome to monitor hyperkalemia, the most
importantoutcome from a clinical perspective is reduction in the risk of cardiovascular or
kidney disease outcomes by continuation of optimal doses of RAASI. SZC should be
prescribed in community- or hospital-based clinics by specialists in cardiology, nephrology,
endocrinology, or general internal medicine.

! This information is based on information provided by clinical experts consulted by CADTH Common Drug Review reviewers forthe purposeofthis
review.
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Clinical Evidence

Pivotal Studies and Protocol Selected Studies
Description of Studies

The main evidence for SZC consisted of five double-blind (DB), randomized controlled trials
(RCTs). Two studies had a randomized, placebo-controlled acute phase for the first two
days of treatment. Four studies had a randomized, placebo-controlled maintenance phase
that lasted 12 days or 28 days. Across the studies, just under 900 patients were evaluated
foracute treatment, while 950 were evaluated for maintenance treatment atthe Health
Canada—approved doses. SZC was administered at various doses in the studies; however,
in this review, only those doses approved by Health Canada (5 g and 10 g) were evaluated.
A heterogeneous, older patientpopulation with various conditions and medications was
included. The mean age of patientswas in their sixties to seventies. In the maintenance
phase, 58% to 100% of patients had CKD; most had an estimated glomerular filtration rate
(eGFR) above 15 mL/min/1.73m?2 Patients were generally in the range of mild to moderate
hyperkalemia atbaseline. The cause of hyperkalemia for most patients was RAASI use
and/or CKD.

Efficacy Results

Acute PhaseTable 1 provides estimates for the acute-phase outcomes thatwere tested as
part of a sequential closed statistical testing procedure to control fortype | error. In studies
ZS-003 (N =301)and ZS-D9482 (N = 99), the primary outcome —the exponential rate of
serum potassium change over 48 hours — demonstrated that SZC 10 g three times daily
reduced serum potassium ata statistically significantly higher rate compared with placebo.
In Study ZS-003, the SZC group had a 0.48 mmol/L greater decrease in serum potassium
at 48 hours compared with placebo. In Study ZS-D9482, this group had abouta 1 mmol/L
greater decrease compared with placebo. The percentage of patients who achieved
normokalemia (3.5 mmol/L to 5.0 mmol/L) at48 hours was 86.4% with SZC versus 47.8%
with placebo in Study ZS-003, and 91.7% versus 15.2% in Study ZS-D9482.

Maintenance Phase

Patients entered the maintenance phase if they achieved normokalemia after 48 hours of
treatmentin the acute phase. Table 2 provides estimates for the maintenance phase
outcomesthat were tested as part of a sequential closed statistical testing procedure to
control for type I error, which included three of the four studies. Across all four studies with
a maintenance phase, a consistent effectin favour of SZC was observed. In Study ZS-003
(N = 256), the exponential rate of change in serum potassium over 28 days of treatment
was smaller (i.e.,there was a greater degree of potassium stabilization) for SZC5 g and
10 g compared with their corresponding placebo groups. In Study ZS-004 (N = 181), mean
serum potassium through days 8 to 29 was lower for the SZC 5 g and 10 g groups
compared with placebo;these groups also had more normokalemic days on day 29
(mediansof 13.9daysfor 109, 13.4 daysfor 5 g, and 7.4 days for placebo). Study ZS-
D9480 (N = 248) also found alower mean of serum potassium through days8to 29for5 g
and 10 g compared with placebo. Compared with placebo, more patientsin both dosage
groupsremained normokalemic atday 29, had a higher number of normokalemic days, and
had a longertime to hyperkalemia. All studies conducted exploratory analyses of
subgroups, such as patients with CKD, heartfailure,and RAASI use, and found effectsin
favourof SZC. Yet there was uncertainty as to whether patients with CKD and an eGFR of
less than 30 would have a similar beneficial effectand harm profile compared to patients
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whose eGFRs were greater than or equal to 30 mL/min/1.73m?2 Among a dialysis
population in the DIALIZE study, more patients who received SZC maintained a pre-dialysis
serum potassium level of 4.0 mmol/L to 5.0 mmol/L and did not require rescue therapy
compared with placebo (41.2% versus 1.0%, P < 0.001). There were limited data available
for outcomes of interest to patients and clinicians, such as cardiac or renal morbidity, quality
of life, or maintenance of RAASI or mineralocorticoid receptor antagonisttherapies at
optimal doses.

Harms Results

Table 3 provides harms data for the acute phase. Table 4 providesthese forthe
maintenance phase.

Acute Phase

The more frequent (> 1%) adverse events (AEs) were constipation, diarrhea, vomiting, and
edema. There were three withdrawals due to adverse vents (WDAES) in patients who
received SZC. No patientwho received SZC had a serious adverse event (SAE), and there
were no deaths. Of the notable harms, constipation,edema, hypokalemia, atrial fibrillation,
palpitations, hypertension, and ventricular extrasystoles were slightly more common with
SZC compared with placebo. One patientin an open-label acute-phase experienced
intestinal obstruction.

Maintenance Phase

Across three studies, SAEs were experienced by six patients who received SZC 10g, by 12
patients who received SZC 5 g, and by four patients who received placebo. There were
eightpatients with WDAEs inthe 10 g group, 14 in the 5 g group, and fourin the placebo
group. In DIALIZE, SAEs were experienced by seven patients on SZC and by eight patients
on placebo. There were three deaths in the maintenance phase across the four studies.
One patientwho received SZC 5 g died from respiratory distress; one patientreceiving 10g
died of myocardial infarction; and one patienton dialysisin the DIALIZE study who received
SZC died of peripheral arterial occlusive disease.

Of the notable harms, constipation was more frequentwith SZC 10 g. One patienton 5 g
had a smallintestinal obstruction. Edema and/or peripheral edema were observed in most
studies: among 20 patientsin the 10 g groups, six patientsin the 5 g groups, and four
patientsin the placebo groups. Hypokalemia was observed more frequently with higher
doses. In Study ZS-004, hypokalemia occurred in eight patientsinthe 10 g group, and in
none in the placebo and 5 g groups. In Study ZS-D9480, one patientexperienced
hypokalemiainthe 10 g group; there were no cases in the placebo and 5 g groups. In
DIALIZE, five patientsin both the placebo and SZC groups experienced pre-dialysis
hypokalemia.
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Table 1: Summary of Key Efficacy Results in the Acute Phase

Study ZS-003 |

CADTH

Study ZS-D9482

Placebo SzC10g Placebo SzZC10g
(N =158) (N =143) (N =33) (N =36)
Primary outcome
Exponential rate of S-K change
48 hours, estimate (SE) —0.00094 (NR) —0.00297 (NR) —0.00012 (0.00029) —0.00508 (0.00027)
P value — 103 — <0.0001

SE = standard error; S-K = serum potassium; SZC = sodium zirconium cyclosilicate.

Table 2: Summary of Key Efficacy Results in the Maintenance Phase

Study | Primary outcome Secondary outcomes
Exponential rate of S-K change
(day 12 of maintenance phase)
Estimate P value No secondary outcomes were part of the sequential closed statistical testing
Placebo 0.0047 — procedure.
g (N = 68)
%) SZC 5 0.0009 0.0083
N (N = 64)
= Placebo 0.01039 —
& (N = 61)
SzC 10 0.00137 < 0.0001
(N = 63)
LSM S-K (days 8 to 29) Number of Remained normokalemic
normokalemic days
(S-K 3.5 mmol/L to
5.0 mmol/L)
LSM P value Mean P value Day 29 exit Day 35 (EOS) No other
(95% Cl), (SE), n/N P value | n/N (%) P secondary
S mmol/L days (%) value | outcomes were
& | Placebo | 5.1 (50 — 7.4 (8.0) — s982 | — 1631 | — | Patofthe
n . . . . .
N (N=85) | t05.2) (47.6) (51.6) sfq“ed"“a'
£ SZC5 | 48(46 | 00001 134 00001 | 3245 | <005 | 1422 | 041 | coretical
& (N = 45) to 4.9) (7.6) (71.1) (63.6) testing
SzC 10 45 (4.4 < 0.0001 13.9 < 0.0001 38/50 | <0.01 13/27 10 | procedure.
(N =51) to 4.6) (7.9) (76.0) (48.1)
LSM S-K (days 8to 29) Number of normokalemic days Time to hyperkalemia Achieved
(S-K 3.50 mmol/L to 5.0 (S-K2 5.1 mmol/L) normokalemia
mmol/L)
LSM LSM LSM LSM P Median, HR P n (%) P
(SE), difference (SE), difference value days (95% value value
o mmol/L (95% CI) days (95% CI) o))
§ Placebo | 5.3 (0.02) — 3.5 (1.4) — — 5 — — 12 —
a) (N = 50) (24.0)
Kj) SZC 5 4.8 (0.01) 0.90 10.8 7.3 < 0.001 14 0.4 (0.3 < 58 <
> (N =99) (0.88 to (1.1) (4.3 to to 0.7) 0.001 | (58.6) 0.001
ES 0.93) 10.2)
o SzC 10 4.4 (0.01) 0.82 15.6 12.1 < 0.001 29 0.2 (0.1 < 75 <
(N = 99) (0.80 to (1.1) (9.1to t0 0.3) | 0.001 | (77.3) | 0.001
0.85) 15.0)

Cl = confidence interval; EOS = end of study; LSM = least squares mean; SE = standard error; S-K = serum potassium; SZC = sodium zirconium cyclosilicate.
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Table 3: Summary of Harms in the Acute Phase

| Study ZS-003

CADTH

Study ZS-D9482

Placebo (N = 158) SZC 10 g (N =143) Placebo (N = 33) SZC 10g (N =36)
Patients with > 0 AEs, N (%) 17 (10.8) 17 (11.9) 1 (3.0) 5(13.9)
Patients with > 0 SAEs, N (%) 1(0.6) 0(0) 0 (0) 0 (0)
WDAES, N (%) 0 (0) 1(0.7) 0 (0) 0 (0)
Number of deaths, N (%) 0 (0) 0(0) 0 (0) 0 (0)

AE = adverse event; SAE = serious adverse event; SZC = sodium zirconium cyclosilicate; WDAE = withdrawal due to adverse event.

Table 4: Summary of Harms in the Maintenance Phase

Study ZS-003 Study ZS-004 Study ZS-D9480 DIALIZE
PBO SZC 5 PBO SzC PBO SZC 5 SzC PBO SZC 5 szc PBO szc
(N= g(N= (N= 109 (N= g 109 (N = g(N= 10g (N= (N=
68) 65) 61) (N= 85) (N= (N= 50) 99) (N= 99) 96)
63) 45) 51) 99)
>0 AEs, 16 14 15 21 27 24 15 10 28 44 46 40
N (%) (235) | (21.5) | (24.6) | (33.3) | (31.8) | (53.3) | (29.4) | (20.0) | (28.3) | (44.4) | (46.5) | (41.7)
>0 2(29) | 3(46) | 1(1.6) | 1(1.6) | 0(0) 5 2(39) | 1(20) | 4(4.0) | 3(3.0) | 8(8.1) | 7(7.3)
SAEs, (11.1)
N (%)
WDAES, 0() | 3(46)|1(16)| 1(1.6)| 0() | 489 | 0() | 3(6.0) | 771|771 | 220 | 442
N (%)
Deaths, 0() |15 | 0() 0 (0) 0(0) 00) |10 | 0(0) 0(0) 0(0) 0(0) | 1(1.0)
N (%)

AE = adverse event; PBO = placebo; SAE = serious adverse event; SZC = sodium zirconium cyclosilicate; WDAE = withdrawal due to adverse event.

Critical Appraisal

The primary limitation in the evidence base is the absence of information on other co-
administered interventions thatcould reduce potassium levels, such as dietary
modifications or changesto RAASI therapy. Although there were some data aboutchanges
to RAASI therapies at the end of treatmentin the acute and maintenance phases, thiswas
a post hoc analysis;the studies were not designed to systematically evaluate this outcome.
If these interventions systematically varied across the treatmentgroups, then bias could
have been introduced; however, given the lack of detailed information, itis unknown which
direction any bias would have gone. The studies included a heterogeneous patient
population with diverse medical histories and concomitantmedications, reflective of patients
who present with hyperkalemiain clinical practice. Given the relatively small sample sizes
of the subgroups, more study is warranted to identify the potential disparity in maintaining
treatmenteffectby differentlevel of kidney impairmentas measured by eGFR categories
(e.g., <30 mL/min/1.73m?perthe sponsor's listing request). It is also of note that the
treatmenteffects observed in these studies were among a high percentage of patients
using RAASI medications (more than 50% and up to nearly 80%). However, there are
several concerns aboutthe generalizability of the evidence base to the patientpopulation of
interest. First, none of the study sites were in Canada, anditis unclearif the clinical
practices of other countries differed from Canada’s with respectto dietary interventions or
protocols for modifying therapies. Second, according to the clinical experts consulted for
this review, the potassium cut-off used to screen patients into the studies (i.e., > 5.0 mmolLL
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or > 5.1 mmol/L) was low compared with clinical practice, where intervention would typically
be initiated at about 5.3 mmol/L to 5.5 mmol/L. Also, while a large percentage of patients
had CKD, patient populations with other conditions associated with hyperkalemia, such as
heart failure, were included. Third, the studies focused on outcomesrelated to potassium;
however, no or limited data were available for outcomes of importance to clinicians and
patients, such as need to change RAASI therapy, cardiovascular orkidney morbidity, and
quality of life. Fourth, there are no direct or indirectcomparative data available on other
potassium binders or interventions used in the treatment of hyperkalemia.

Comparisons

No evidence from indirecttreatmentcomparisons (ITCs) was available.

Other Relevant Evidence
Description of Studies

Two additional studies, ZS-004E and ZS-005, provided longer-term safety and efficacy data
for SZC. Both were open-label, single-group, and multi-centre. Study ZS-004E was an
open-label extension (OLE) of Study ZS-004, in which patients were administered SZC 10 g
once daily (with possible titration downto 5 g or up to 15 g) during an extended-dosing
phase that lasted upto 11 months. In Study ZS-005, patients were administered SZC
during an extended-dosing phase of up to 12 months. Patients started at 5 g once daily in
the extended phase, but could be titrated to 15 g based on potassium level.

Efficacy Results

During the extended-dosing phases, the proportions of patients with a mean serum
potassium value of 5.1 mmol/L orless on average from day 8 to day 337 (Study ZS-004E)
or day 365 (Study ZS-005) were 88.3% (95% confidence interval [CI], 81.2 to 93.5)and
86.0% (95% Cl, 83.2 to 88.4), respectively.

Harms Results

During the extended-dosing phases of studies ZS-004E and ZS-005, 66.7% and 65.5% of
patients reported AEs; 19.5% and 21.6% reported SAEs; and 8.9% and 13.7% reported
WDAES, respectively. Eight(1.1%) deaths were reported in Study ZS-005, none of which
were considered related to the study drug. Hypertension, peripheral edema, and
gastrointestinal disorders (i.e., constipation, vomiting, and diarrhea) were some of the most
frequently occurring AEs in the two studies and are discussed as notable harmsin this
review.

Conclusions

SZC is a new potassium binder for the treatmentof hyperkalemia in adults. Five studies
provide evidence forits efficacy compared with placebo for the acute (initial 48 hours) and
maintenance (beyond 48 hours) phases in patients with mild to moderate hyperkalemia. For
the treatmentof acute hyperkalemia, SZC 10 g reduced serum potassium levels ata higher
rate than placebo over 48 hours. In the maintenance phase, the evidence consistently
showed a potassium-lowering effectfor SZC 5 g or 10 g once daily compared with placebo
over both 12 days and 28 days. SZC led to a greater degree of potassium stabilization,
lower mean potassium, a higher proportion of patients who remained normokalemic, a
higher number of normokalemic days, and longertime to hyperkalemia. In a population of
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patients requiring dialysis, more patients who received SZC had pre-dialysis potassium
levels within the normal range and did not require rescue therapies. As with other
potassium binders, gastrointestinal effects, such as constipation, may be more com mon
with this medication. Other AEs that require monitoring are edema and hypokalemia,
especially atthe higherdose of 10 g. A key limitation of the evidence for SZC is that there
were no or limited data available for outcomes of importance, such as cardiovascular and
kidney morbidity, the need to modify RAASI therapies, or quality of life. While patients with
eGFRs of lessthan 30 mL/min/1.73m?were included in the trials (sponsor reimbursement
request), the results of subgroup analyses for these patients are uncertain due to small
sample sizes and exploratory analyses. There were also no direct treatmentcomparisons
or ITCs of SZC with other potassium binders;therefore, the benefitand safety of this
medication versus other existing therapies are currently unknown. Overall, despite its
demonstrated efficacy in reducing serum potassium levels, there is uncertainty as to the
added clinical benefitof SZC.
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Introduction

Disease Background

Potassium plays animportantrole in conducting electrical impulsesin the body and
maintaining normal cell electrophysiology. The ratio between intracellular and extracellular
potassium istightly regulated at 98:2%, with an extracellular range of 3.5 mmol/L to

5.0 mmol/L.*?Hyperkalemia occurs when the extracellular potassium level goes above this
normal range. A high level of potassium affects the proper propagation of electrical signals
andis particularly damaging to the cardiac system. Dysfunction in cardiac electrophysiology
may cause a decrease in myocardial resting membrane potential, an increase in cardiac
depolarization, myocardial excitability, cardiac instability,and conduction system
abnormalities, which can resultin life-threatening arrhythmias.? Potassium has been found
to follow a U-shaped association with mortality, with both low and high levelsincreasing the
risk of death.?

Hyperkalemiais defined as a blood serum potassium level above the normal range of 3.5
mmol/Lto 5.0 mmol/L. Ahigh potassium level affects the propagation of electrical signals
and is particularly damaging to the cardiac system. Of greatest concernis the development
of life-threatening cardiac arrythmias and sudden cardiac death.? Mild hyperkalemia may be
asymptomatic and detected upon routine lab testing only. Higher potassium blood serum
levels may cause nausea, muscle pain, weakness, paresthesia, or palpitations.® Although
there is no uniformly agreed-upon definition, hyperkalemia can be classified as mild (5.5
mmol/L to 5.9 mmol/L), moderate (6.0 mmol/L to 6.5 mmol/L), or severe (> 6.5 mmol/L).*

Hyperkalemia may arise from an increase in potassium intake, a decrease in potassium
excretion, or an imbalance in intracellular-extracellular potassium distribution.> The kidney
is the main route for potassium excretion; CKD is the mostimportantrisk factor for
potassium elevation. Diabetes mellitus (DM) and cardiovascular disease, both of which may
co-exist with CKD, are other importantrisk factors.?2 Diabetes mellitus resultsin insulin
deficiency and hypertonicity, which reduces potassium distribution into the intracellular
space.? Cardiovascular disease, such as congestive heart failure and myocardial infarction,
has an effecton potassium homeostasis and may be treated with medicationsthatincrease
potassium. In particular, the RAASI therapies, which include the ACEIls and angiotensin
receptor blockers, are used for renal and cardio protection; however, they also increase the
risk of hyperkalemia.? For example, a study showed that 11% of patients on an ACEI
developed hyperkalemia.® Other risk factors are older age, metabolic acidosis, and the use
of mineralocorticoid receptor antagonists or nonsteroidal anti-inflammatory drugs.?

The exact incidence of hyperkalemia in the general populationisunclear, given thatit is a
transient condition and longitudinal studies to monitor for its presence are unavailable >’
Among elderly patients who presented to an emergency departmentin southwestern
Ontario from 2003 t0 2010, 2.6% had potassium levelsthatwere greaterthan 5.5 mmol/L;
among those admitted to hospital, 3.5% had potassium levels greaterthan 5.5 mmol/L.8
The incidence of hyperkalemia in patients with CKD may be higher. Patients on
maintenance dialysis may have the highestincidence.”

Standards of Therapy

The managementof hyperkalemia depends on whetheritis acute or chronic as well as on
its severity (i.e., the degree of potassium elevation).2 Acute hyperkalemia occurs when
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potassium is released from cells, which can happen in states of trauma, metabolic acidosis,
or hemolysis and requiresimmediate intervention.2 Chronic hyperkalemia occurs when
there is impairmentin potassium excretion (e.g., kidney disease) and/or an increase in
potassium load (e.g., from adiet highin potassium or supplements) and requires ongoing
management.® Severe hyperkalemia (serum potassium >6.5 mmol/L) isa medical
emergency whetheritis due to an acute or chronic cause. In the emergency setting,
patients will be hospitalized and treated with IV therapies to rapidly redistribute potassium
into cells (e.g., insulin plus glucose, sodium bicarbonate, beta-adrenergic agonists),
stabilize the cellmembrane (e.g., IV calcium), or remove potassium from the body (e.g.,
hemodialysis or IV loop diuretics).

Mild or moderate forms of acute or chronic hyperkalemia may be treated with drugs that
increase potassium excretion, such as oralloop or thiazide diuretics and cation-exchange
resins or cation-exchange polymers. This latter group of medications, also known as
potassium binders, includes SZC, SPS, CPS, and patiromer (Table 5). The potassium
binders cannotbe used for hyperkalemia thatis a medical emergency due to their delayed
onset of action.®

Non-pharmacological modalities are also importantin the management of hyperkalemia.
The first step in the managementof mild or moderate hyperkalemia may include dietary
modifications to reduce potassium intake, discontinuation of potassium supplements, and
discontinuation orreduction in the dosages of medications thatincrease potassium, such as
RAASI therapies.?While discontinuation or reduction in RAASi dosage may helpto
normalize potassium levels, this will result in patients losing the renal and cardio -protective
effects of these medications. Therefore, itis not desired.

Drug

SZC is a microporous zirconium silicate with a specific crystal geometry thatreduces
potassium by selectively binding to potassium ionsin the gut in exchange for sodium and
hydrogenions. SZC is a powderthat is dissolved in water to create an oral suspension. It is
availablein5g or 10 g sachets. Health Canada has approved this medication forthe
treatmentof hyperkalemiain adults (NOC received July 25, 2019).° For patients with
potassium levels greater than 5.0 mmol/L, the dosing for the acute phaseis 10 g three
times daily for up to 48 hours.!® Once normokalemiais achieved (potassium 3.5 mmol/L to
5.0 mmol/L), the maintenance dose isinitiated. The dose to maintain normal potassiumis 5
g to 10 g once daily, or 5 g once every other day.

The sponsoris requesting reimbursement of SZC forthe corrective treatment of
hyperkalemiain adults. The sponsoris also requesting reimbursementfor the maintenance
treatmentof hyperkalemiain the following specific patient population: adults with CKD with
an estimated eGFR of lessthan 30 mL/min/1.73 m?who have experienced atleast two
hyperkalemic events and are suboptimally managed on RAASI therapy.

Table 5 provides key characteristics of SZC, as well as those of SPS, CPS, and patiromer,
which are other potassium binders approved by Health Canada for the treatment of
hyperkalemia.
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Table 5: Key Characteristics of SZC and Other Treatments

Mechanism of
action

| szc

Cation-exchangeresin:
microporous zirconium
silicate that selectively

binds potassiumin the

intestine (exchange of

potassiumwith sodium
and hydrogen ions)

| SPS

Cation-exchangeresin:
binds potassiumin the
intestine and increases
excretion of potassium
through feces (exchange
of potassiumwith sodium
ions)

| CPS

Cation-exchangeresin:
binds potassiumin the
intestineand increases
excretion of potassium
through feces (exchange
of potassium with calcium
ions)

CADTH

Patiromer

Cation-exchange
polymer: binds potassium
in the intestine and
increases excretion of
potassiumthrough feces
(exchange of potassium
with calcium-sorbitol
complex)

Indication® Treatment of Treatment of Treatment of Treatment of
hyperkalemiain adults hyperkalemia hyperkalemia (anuriaor hyperkalemiain adults
severe oliguria; acute with CKD (eGFR
and chronicrenal failure; | =15 mL/min/1.73 m?)
dialysis)
Route of Oral suspension Oral suspensionor Oral suspensionor Oral suspension
administration enema enema
Recommended Acute/correction phase: Oral: 15 g oneto four Oral: 15 g three to four Starting dose: 8.4 gonce
dose 10 g t.i.d. times daily times daily daily to a maximum of

Maintenance phase:
5gto 10 g oncedaily or
5 g onceevery otherday

Rectal: 30 g to 50 g once
ortwice daily

Rectal: 30 g oncedaily

25.2 g oncedaily

Serious side

Edema due to sodium

Intestinal obstruction or

Gl injury (mostcases

Gl symptoms

effects/safety content” intestinal rupture occurred with .
issues (diarrheamay need to be | concomitantuse of Hypokalemia
Hypokalemia induced to preventthese sorbitol)
safety issues) .
Hypokalemia
Hypokalemia
Other Should notbe used as an | Not used forrapid Non-specific binder that Not used forrapid

emergency treatment for
life-threatening
hyperkalemiadue to
delayed onsetofaction

correction of severe
hyperkalemia

Non-specific binder that
binds calciumand
magnesium in addition to
potassium, which can
cause hypocalcemiaor
hypomagnesemia

Gl side effects are
common

Not administered on a
chronic basis

binds magnesiumin
addition to potassium,
which can cause
hypomagnesemia

Risk of hypercalcemia
due to calciumcontent

reduction of potassium
due to delayed onset of
action (4 hoursto 7
hours)

Non-specific binder that
binds magnesium, which
can cause
hypomagnesemia

Contraindicated in
patients with hereditary
condition of fructose
intolerance (contains
sorbitol)

CKD = chronic kidney disease; CPS = calcium polystyrene sulfonate; eGFR = estimated glomerular filtration rate; Gl = gastrointestinal; SPS = sodium polystyrene
sulfonate; SZC = sodium zirconium cyclosilicate; t.i.d. =three times a day.

#Health Canada indication.

YEach 5 g dose contains about 400 mg of sodium.*®

Source: Product monograph for SZC;* product monograph for SPS;** product monograph for CPS;*? product monograph for patiromer.*

CADTH COMMON DRUG REVIEW Clinical Review Report for Sodium Zirconium Cyclosilicate (Lokelma)

18



CADTH

Stakeholder Engagement

Patient Group Input
This section was prepared by CADTH staff based on the input provided by patientgroups.

1. Brief Description of Patient Group(s) Supplying Input

One jointsubmission from two patientgroups, The Kidney Foundation of Canada and
Diabetes Canada, wasreceived for this review. The Kidney Foundation of Canada
(www.kidney.ca) is a national volunteer organization committed to eliminating the burden of
kidney disease through: funding and stimulating innovative research for better treatments
and a cure; providing education and supportto preventkidney disease in those at risk and
to empower those with kidney disease to optimize their health status; advocating for
improved access to high-quality health care; and increasing public awareness and
commitmentto advancing kidney health and organ donation. Diabetes Canada
(www.diabetes.ca) is a national health charity that represents Canadians living with
diabetes or prediabetes. Its missionisto prevent, care for, and cure diabetes through
research and policy initiatives. This includes supporting disease management by
distributing practical, evidence-based tools to health care providers, advocating for making
healthy choices easier, and funding scientific research related to the disease and care of
diabetes.

Both patientgroupsreported having received funding from AstraZeneca Canada Inc. (the
manufacturer of SZC), Sanofi Canada, and Boehringer Ingelheim (Canada) Ltd. Horizon
PharmaInc., Janssen Pharmaceutical Companies, and Otsuka Canada Pharmaceutical
Inc. have provided funding to The Kidney Foundation of Canada. LifeScan Canada Ltd.,
Novo Nordisk Canada Inc., and Sun Life Financial have provided funding to Diabetes
Canada. Each organization stated that funders had no inputor influence on their
submission content, and that they received no outside assistance with data collection,
analysis, or framing of the results.

2. Condition-Related Information

The Kidney Foundation of Canada and Diabetes Canada collaborated to distribute a self -
administered questionnaire targeting people living with CKD or CKD and diabetes and their
caregivers. The survey asked about their experience with CKD, medications, and
expectations for new drug therapiesin Canada. A few questions were specifically about
SZC. The surveywas open fortwo weeks in May 2019. It was shared through both
organizations’ social media channels (Twitter and Facebook) and made available on The
Kidney Foundation of Canada’s website. A total of seven respondents participated, all of
whom identified as being a person living with CKD. The patients were between the ages of
40 and 69. About half (n= 4) had had CKD for more than 20 years. Four reported also living
with diabetes.

Kidney disease is a risk factor for hyperkalemia. Kidney disease results from a variety of
disordersthat can affectthe kidneys, mostoften related to an attack on the nephronsand
impaired ability to eliminate waste and excess fluid. Kidney disease is often associated with
other medical conditions, such as diabetes (the leading cause of kidney failure in Canada),
high blood pressure, and heart disease. This is reflected in the survey results: 57% of
patients reported living with diabetes, 85% had high blood pressure, 57% had high
cholesterol,and 86% had high potassium levels. Kidney disease is considered CKD when
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kidney damage or decreased kidney function has been presentfor a period of three or more
months. It can range from mild to severe, and can eventually progressto kidney failure or
end-stage renal disease (ESRD). Unfortunately, specific symptoms of disease are typically
not seen until damage is severe. When the kidneys fail, waste accumulatesin the body,
creating the need for dialysis treatmentor a kidney transplant.

Healthy kidneys are normally able to balance the potassium in the body. However,impaired
kidney function may resultin elevated potassium levels (i.e., hyperkalemia, for which the
drug underreview is indicated) or potassium levelsthatare too low (i.e., hypokalemia).
Regulating potassium levelsis a concern for patients with CKD, particularly for those
undergoing dialysis, and can be achieved in part through lifestyle changes. However,
patients described these changes as being highly restrictive, to the pointof having a
negative impacton their quality of life.

The survey respondents generally described living with CKD as a negative experience.
Lack of energy and fatigue were reported as major issues that affected their everyday lives,
including their ability to go to work or do household chores. One patientsaid, “l am
constantly exhausted daily, cannot walk anywhere withouta walker [and am] now scared to
go out by myself as | mayfall.” There were also comments aboutthe inability to exercise
due to fatigue or exhaustion. One respondentnoted issues with nausea and itchiness.
When asked if there are particular challenges living with both CKD and diabetes, a
respondentsaid, “having to adjust both meds (sic) for diabetes and kidney
disease...constantpaininfeet.”

3. Current Therapy-Related Information

According to the patientsubmission, dietary restrictions constitute one way that patientsin
the early stages of CKD can manage their potassium levels, butthis approach does not
work foreveryone. Limiting potassium intake is also common for patients being treated with
dialysis for CKD. Seventy-two percent of survey respondents reported that they had a
dietary restriction, which they described as highly restrictive and having a negative impact
on quality of life. Two patients reported having experience taking SPS for hyperkalemia;
one still takes this medication. One patientnoted that they disliked the texture and taste of
the medication for high potassium, and would preferitin pill form.SZC is currently not
available in Canada. As a result, none of the survey respondents had experience with this
medication.

The survey included questions aboutfactors that were importantto patients when choosing
medicationsto treat CKD. The following were identified as “very important” or “important’ by
the majority of respondents: fatigue, interference with sleep, edema of the foot, effecton
mood, interference with other medications, changesin appetite, cost, and length of time on
the medication. One respondentfeltindifferentregarding the costand effecton mood.
Patients also cited side effects and drug efficacy as importantfactors when choosing a new
medication for CKD.

Lastly, the patientgroups highlighted the financial burden that Canadians living with CKD
experience as a result of dialysis treatment, which is associated with high out-of-pocket
costs for things like transportation to treatmentand medication. Further, it was noted that
those living with CKD are often dealing with comorbid conditions, such as diabetes, and
that many would benefitfrom an effective and affordable treatmentthat could help them
achieve better health outcomes and quality of life.
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4. Expectations About the Drug Being Reviewed

Survey respondents would like to see therapiesfor CKD or diabetes that help them feel
better and reduce the need forinvasive therapies, such as surgery.

Clinician Input

All CADTH review teams include at least one clinical specialistwith expertise regarding the
diagnosis and managementof the condition for which the drug is indicated. Clinical experts
are a critical part of the review team, and are involved in all phases of the review process
(e.g., providing guidance on the development of the review protocol; assisting in the critical
appraisal of clinical evidence; interpreting the clinical relevance of the results; and providing
guidance on the potential place in therapy). The following inputwas provided by two clinical
specialists with expertise in the diagnosis and managementof cardiovascular and kidney
disease.

Description of the Current Treatment Paradigm for the Disease
Hyperkalemiais treated by withdrawing drugs that increase potassium, namely RAASI
therapies and mineralocorticoid receptor antagonists. The problem with this approach is
that patients lose the protection these drugs confer on the cardiovascularand renal
systems. Other treatments for chronic hyperkalemia are diuretics (which may have
deleterious effects associated with electrolyte disturbance), laxatives, and potassium
binders. All approachesinclude counselling patients aboutmoderating their intake of
potassium-containing foods.

Treatment Goals
The goal of treatmentis to avoid life-threatening arrhythmias and enable optimal dosing of
RAASI therapies.

Unmet Needs

The withdrawal or dose reduction of RAASI therapies compromises the care of patients with
cardiovascular orrenal disease and leaves them at increased risk of worse clinical
outcomes.

Place in Therapy

SZC would be used as an adjuncttreatmentfor patients who require RAASI therapy and
have experienced hyperkalemia. Prior to initiating therapy with SZC, clinicians would need
to first understand the contributing causes of hyperkalemia and address those factors that
are readily modifiable, such asreversible causes of impaired kidney function, diets high in
potassium,and RAASI use. SZC may be considered once all reversible causes have been
addressed, especially in patients who require continuation of RAASI therapy, butalsoin
other patientpopulations who remain hyperkalemic.

Patient Population

The patients mostin need of SZC are those who experience hyperkalemia while on a
RAASI. To identify patients best suited for treatment, laboratory tests to measure serum
potassium would be needed, asthis is oftenthe only wayto detect hyperkalemia. Patients
with serum potassium greaterthan 5.5 mmol/L would be mostsuitable for treatment.
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Assessing Response to Treatment

Response to treatmentwould be assessed with serial blood testing of serum potassium.
Assessments would initially be monthly, then quarterly once potassium levels become
stable. Serum potassium is the immediate assessment of treatmentresponse. However,
the mostclinically relevantoutcome would be continued optimal use of RAASi to confer
cardiovascularand renal protection. This would also be importantto patients because they
would have peace of mind knowing that they could continue RAASI therapy without worry of
hyperkalemia.

Discontinuing Treatment

If RAASI therapy is withdrawn (e.g., no longerindicated), then therapy with SZC may be
discontinued. If dialysisis initiated for kidney failure, then SZC may be discontinued,
because dialysis will generally remove potassium. However, there may be cases when
patients on dialysis require continued treatmentfor hyperkalemia.

Prescribing Conditions

Specialistsin cardiology, nephrology, endocrinology, or general internal medicine are
required to diagnose, treat, and monitor patients with hyperkalemia. Therefore, SZC should
be prescribed by specialistsin community- or hospital-based clinics.
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Clinical Evidence

The clinical evidence included in the review of SZC is presented in three sections. Section
1, Systematic Review, includes pivotal studies provided in the sponsor’s submission to
CADTH and Health Canada, as well as those studies that were selected accordingto an a
priori protocol. Section 2 includes indirectevidence from the sponsor (if submitted) and
indirectevidence selected from the literature that met the selection criteria specified inthe
review. Section 3 includes sponsor-submitted, long-term extension studies and additional
relevantstudiesthat were considered to address importantgapsinthe evidence included in
the systematic review.

Systematic Review (Pivotal and Protocol Selected Studies)

Objectives

To perform a systematic review of the beneficial and harmful effects of SZC 5 g or 10g
powder for oral suspension for the treatmentof hyperkalemia in adults.

Methods

Studies selected for inclusion in the systematic review included pivotal studies provided in
the sponsor’s submissionto CADTH and Health Canada, as well as those meeting the
selection criteria presented in Table 6.

Table 6: Inclusion Criteria for the Systematic Review

Patient population Adults with hyperkalemia (serum potassium>5.0 mmol/L)

Subgroups:
e baseline serum potassium level (mild hyperkalemia: 5.5 mmol/L to 5.9 mmol/L; moderate
hyperkalemia: 6.0 mmol/L to 6.5 mmol/L;severe hyperkalemia:> 6.5 mmol/L)
e number of previous hyperkalemic events
¢ patientson RAASI therapy (i.e., ACEIl or ARB) or mineralocorticoid receptor antagonisttherapy
(i.e., spironolactone)
e patients with CKD
o mild eGFR reduction: 60 mL/min/1.73 m?to 89 mL/min/1.73 mZ mild to moderate reduction: 45
mL/min/1.73 m?to 59 mL/min/1.73 m?Z moderate to severe reduction: 30 mL/min/1.73 m?to 44
mL/min/1.73 m? severe reduction: 15 mL/min/1.73 m?to 29 mL/min/1.73 m? kidney failure:less
than 15 mL/min/1.73 m?
o albuminuria as measured with ACR, normal to mildly increased: <3 mg/mmol; moderately
increased: 3 mg/mmol to 0 mg/mmol; severely increased: >30 mg/mmol
¢ patients with heart failure

Intervention Correction of hyperkalemia
e SZC 10 g three timesdaily for 24 hoursto 72 hours

Maintenance:
e SZC 5 gto 10g once daily

Comparators Pharmacological®:
e Potassium binders
o SPS
o CPS
o patiromer
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¢ Diuretics

o loop (furosemide)

o thiazides (hydrochlorothiazide)
o Laxatives (e.g., lactulose)

Stopping or reducing dose of RAASI or mineralocorticoid receptor antagonist therapy

No treatment/placebo

Outcomes Efficacy:
¢ survival or mortality

¢ hospitalization

e quality of life®

e arrhythmia

e MACE/MAKE

e progression of kidney disease

e continuation or need for discontinuation of RAASi/mineralocorticoid receptor antagonisttherapy at
regulardoses

e serum potassium

e onset of serum potassium reduction

e normokalemia (serum potassium 3.5 mmol/L t0 5.0 mmol/L)

¢ onset of normokalemia

e number of hyperkalemic events

e time to requiring emergency or life-threatening hyperkalemia (e.g., renal replacementtherapy,
intravenous calcium, insulin, sodium bicarbonate)

Harms: AEs, SAEs, WDAE, hypokalemia (fatigue, muscle weakness, or cramps), edema,
gastrointestinal upset (including constipation and bowel obstruction)

Study design Published and unpublished phase llland IV RCTs

ACEI = angiotensin-converting enzyme inhibitor; ACR = albumin-to-creatinine ratio; AE = adverse event; ARB = angiotensin receptor blocker; CKD = chronic kidney
disease; CPS = calcium polystyrene sulfonate; eGFR = estimated glomerular filtration rate; MACE = major adverse cardiovascular event; MAKE = major adverse kidney
event; RAASI = renin-angiotensin-aldosterone system inhibitor; RCT = randomized controlled trial; SAE = serious adverse event; SPS = sodium polystyrene sulfonate;
SZC = sodium zirconium cyclosilicate; WDAE = withdrawal due to adverse event.

2 A low-potassium diet may be implemented in addition to pharmacological treatments.

b Outcome identified as being of particular importance to patients in the input received by CADTH from patient groups.

The literature search was performed by an information specialistusing a peer-reviewed
search strategy according to the Peer Review of Electronic Search Strategies (PRESS)
checklist (https://iwww.cadth.ca/resources/finding-evidence/press).**

Published literature was identified by searching the following bibliographic databases:
MEDLINE All (1946-) through Ovid, Embase (1974-) through Ovid, and PubMed. The
search strategy comprised both controlled vocabulary, such as the National Library of
Medicine’s MeSH (Medical SubjectHeadings), and keywords. The main search concepts
were Lokelma and sodium zirconium cyclosilicate. Clinical trial registries were searched:
the US National Institutes of Health’s clinicaltrials.gov and the World Health Organization’s
International Clinical Trials Registry Search Portal.

No filters were applied to limitthe retrieval by study type. Retrieval was not limited by
publication date or by language. Conference abstracts were excluded from the search
results. See Appendix 1 forthe detailed search strategies.

The initial search was completed June 14,2019. Regular alerts updated the search until the
meeting of the CADTH Canadian Drug Expert Committee on October 16, 2019.
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Grey literature (literature that is not commercially published) was identified by searching
relevantwebsites from the following sections of CADTH Grey Matters: A Practical Tool For
Searching Health-Related Grey Literature checklist (https:/Awww.cadth.ca/grey-matters):'®
health technology assessmentagencies, health economics, clinical practice guidelines,
drug and device regulatory approvals, advisories and warnings, drug class reviews, clinical
trials registries, and databases (free). Google was used to search for additional internet-
based materials. In addition, the drug sponsor was contacted forinformation regarding
unpublished studies. See Appendix 1 formore information on the grey literature search
strategy.

Two CADTH Common Drug Review clinical reviewers independently selected studies for
inclusionin the review based on titles and abstracts, according to the predetermined
protocol. Full-text articles of all citations considered potentially relevantby at leastone
reviewerwere acquired. Reviewersindependently made the final selection of studiesto be
included in the review. Differences were resolved through discussion.
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Findings From the Literature

A total of five studies were identified from the literature forinclusion in the systematic review
(Figure 1). The included studies are summarized in Table 7.

A list of excluded studiesis presented in Appendix 2.

Figure 1: Flow Diagram for Inclusion and Exclusion of Studies

113
citations identified
in literature search

11 113
potentially relevant reports potentially relevant reports
from other sources identified and screened
21

total potentially relevantreports identified and screened

9
reports excluded

12
reports included
presenting data from 5 unique studies
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Table 7: Details of Included Studies

Study ZS-003

Study ZS-004

Study ZS-D9480

Study ZS-D9482

CADTH

DIALIZE

Study design

Two-phase,DB RCT
(acute phase +
maintenance phase)

HARMONIZE

Two-phase, DB RCT (acute
phase was open-label,;
maintenance phase was
randomized)

HARMONIZE Global

Two-phase, DB RCT
(acute phase was open-
label; maintenance phase
was randomized)

DB RCT (acute phase)

DB RCT
(maintenance phase)

Locations

65 sites inthe US,
Australia, and South
Africa

44 sites inthe US,
Australia, and South Africa

42 sites in Japan, Russia,
South Korea, and Taiwan

24 sites in Japan

54 sites in Japan, Russia, the
US, and the UK

Randomized (N)

754

237
(maintenance phase)?

248
(maintenance phase)®

103

196

Inclusion criteria

DESIGNS AND POPULATIONS

> 18 years of age
i-STAT® S-K between
5.0 mmol/L and

6.5 mmol/L at
screening (mean of 3
i-STAT potassium
values)

abilityto have
repeated blood draws
or effective venous
catherization

e > 18 years of age

¢ -STAT S-K= 5.1 mmol/L
at screening (2
consecutive i-STAT
potassium values, both
>5.1 mmol/L)

ability to have repeated
blood draws or effective
venous catherization
forentry into
maintenance phase,
achieved normokalemia
afteracute phase

e 218 and < 90 years of
age

e S-K=5.1 mmol/L intwo

consecutive i-STAT

tests

ability to have repeated

blood draws or effective

venous catherization

o forentry into
maintenance phase,
achieved normokalemia
afteracute phase

e > 18 yearsof age

e S-Klevels=5.1 mmollL
and < 6.5 mmol/L intwo

consecutive i-STAT
tests
e ability to have repeated

blood draws or effective

venous catherization

e > 18 yearsof age

¢ ESRD managed for

= 3 months before
randomization by
hemodialysisthree times
weekly
persistenthyperkalemia
during the 1-week
screening period (pre-
dialysis S-K > 5.4 mmol/L
afterlong interdialytic
intervaland S-K > 5.0
mmol/L after atleast one
shortinterdialytic interval)

Exclusion criteria

e pseudo-
hyperkalemia®

e treatmentwith
lactulose, rifaximin,
or other non-
absorbed antibiotics
for hyperammonemia
within the last 7 days

e treatmentwith resins
(e.g., sevelamer

pseudo-hyperkalemia?
treatmentwith lactulose,
rifaximin, or other non-
absorbed antibiotics for
hyperammonemia within
the last 7 days
treatmentwith resins
(e.g., sevelamer acetate,
SPS), calcium acetate,
calcium carbonate, or

pseudo-hyperkalemiad
treatmentwith
lactulose, rifaximin, or
other non-absorbed
antibiotics for
hyperammonemia
within the last 7 days

e treatmentwith resins
(e.g., sevelamer
acetate, SPS), calcium

¢ pseudo-hyperkalemiad

e treatmentwith
lactulose, rifaximin, or
other non-absorbed
antibiotics for
hyperammonemia
within the last 7 days

e treatmentwith resins

(e.g., sevelamer
acetate, SPS), calcium

hemoglobin <9 g/dL
non-compliance with
hemodialysis during the 2
weeks prior to screening
treatmentwith SPS, CPS,
or patiromer within 7 days
before screening
myocardial infarction,
acute coronary syndrome,
stroke, seizure, or
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Study ZS-003

acetate, SPS),
calcium acetate,
calcium carbonate,
or lanthanum
carbonate within the
last 7 days

¢ insulindose not
stabilized

e receiving dialysis

¢ life expectancy
<3 months

e HIV-positive (except
South African sites)

¢ diabetic ketoacidosis

e cardiacarrhythmias
thatrequired
immediate treatment

e womenwho were
pregnant, lactating,
or planningto
become pregnant

Study ZS-004
HARMONIZE

lanthanum carbonate
within the last 7 days

e receiving dialysis

¢ life expectancy
<3 months

¢ diabetic ketoacidosis

¢ cardiacarrhythmiasthat
required immediate
treatment

e womenwho were
pregnant, lactating, or
planning to become
pregnant

e randomized to Study ZS-
002 or Study ZS-003

Study ZS-D9480
HARMONIZE Global

acetate, calcium
carbonate, or
lanthanum carbonate,
within the last 7 days
¢ receiving dialysis
¢ life expectancy
< 3 months
e diabetic ketoacidosis
e cardiacarrhythmias
thatrequired
immediate treatment
e womenwhowere
pregnant, lactating, or
planning to become
pregnant

Study ZS-D9482

acetate, calcium
carbonate, or
lanthanum carbonate
within the last 7 days

e receiving dialysis

o life expectancy
< 3 months

e active or history of
diabetic ketoacidosis

e cardiacarrhythmias
that required
immediate treatment

e womenwhowere
pregnant, lactating, or
planning to become
pregnant

CADTH

DIALIZE

thrombotic/thromboembolic
event within 12 weeks
before randomization

e pregnancyor
breastfeeding

Intervention®

DRuGs

SZC orallyas a

SZC orally as a suspension

SZC powderfor oral

SZC powderfororal

SZC powderfororal

suspension in purified in purified water suspension suspension suspension
water Acute phase: (48 hours): Acute phase: (48 hours): | 5gor10gtid. 5 g q.d. starting dose on non-
Acute phase (48 10 g ti.d. 10 g ti.d. (48 hours) dialysis days
hours): 1.25¢g, 2.5 g, . .
59,0r10gtid. Malnt.enance phase (28 Malntfenance phase (28 Dosestitrated in 5 g
days):59,10g,0r15¢g days):5gor10gq.d. increments to maximum of
Maintenance phase q.d. 159 q.d
(days 3to 14):1.25 g, o
5g,0r10gq.d.
Comparator(s) Placebo Placebo Placebo Placebo Placebo
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Study ZS-003

Study ZS-004
HARMONIZE

Study ZS-D9480
HARMONIZE Global

Study ZS-D9482

CADTH

DIALIZE

Phase
Run-in None None None None None
E Double-blind Acute phase: 2 days Acute phase: 2 days Acute phase: 2 days 2 days 8 weeks (4 weeks dose
g Subacute phase: 12 Maintenance phase: 28 Maintenance phase: 28 titration and 4 weeks stable
8 days days days dose period)
Follow-up 7 days 7 days 7 days 7 days 14 days
Primary end point Acute phase: LSM of all available LSM of all available S-K Exponential rate of Proportion who maintained
exponential rate of S-K values during valuesduring changein S-K duringthe | pre-dialysis S-K of
changein S-K inthe maintenance phase,days8 | maintenance phase,days | initial 48 hours of study 4.0 mmol/Lto 5.0 mmol/L (in
initial 48 hours to 29 810 29 drug treatment the stable dose evaluation
Maintenance phase: period) during_at Iegstthree
. ) of fourhemodialysis
exponer_mal rate of treatments after the long
change in 5-K overth_e interdialytic interval and who
12-daytreatmentperiod did not require rescue
(days 3 to 14) therapy
Secondary and Acute phase: Acute phase: Acute phase: e proportion who e proportion requiring any
«» | exploratory end e changein S-K atall e exponential rate of e exponential rate of achieved normokalemia urgentrescue intervention
% points time points change in S-K during the changein S-K at48 hours to reduce S-K
O e timeto S-K initial 48 hours of study e change from baseline e exponential rate of e pre- and post-dialysis S-K
8 normalization drug treatment in S-K at all measured changein S-K during e harms
(3.5 mmol/Lto e change from baselinein time intervals post-dose the initial 24 hours
5.0 mmol/L) S-Kat allmeasuredtime | e proportionwho e proportion who
e time to first decrease intervals post-dose achieved normokalemia achieved normokalemia
in S-K of 0.5 mmol/L | e proportion who achieved at 24 hoursand 48 at 24 hours
e proportion who normokalemia at24 hours e proportion who
achieved S-K hoursand 48 hours e time to normalization of achieved normokalemia
normalization atthe e time to normalization of S-K (3.5 mmol/L to at each scheduled
end of 24 hours & 48 S-K (3.5 mmol/Lto 5.0 mmol/L) assessmentafter start
hours 5.0 mmol/L) e EQ-5D of dosing
e harms e harms e harms e change from baselinein
. . . S-K at allmeasured
Maintenance phase: Maintenance phase: Maintenance phase: time intervals post-dose
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Study ZS-003

Study ZS-004
HARMONIZE

Study ZS-D9480
HARMONIZE Global

Study ZS-D9482

CADTH

DIALIZE

¢ time to relapse of S-K
(return to S-K
baseline value)

e total number of days

remaining

normokalemic (S-K

3.5 mmol/L and

5.0 mmoliL)

proportion who

retained normal S-K

(3.5 mmol/L and

5.0 mmol/L) atthe

end of the subacute

phase

mean change from

e number of normokalemic
days during days 8 to 29

e change from acute-phase
S-K baseline

e changefrom
maintenance phase S-K
baseline

e timeto hyperkalemia
(S-K= 5.1 mmollL)

e timeto relapsein S-K
values (return to original
acute-phase S-K
baseline)

e proportion who remained
normokalemic atdays 1,

e proportion who
remained
normokalemic (S-K
3.5 mmol/Lto
5.0 mmol/L) during and
atend of maintenance
phase
number of
normokalemic days
change from acute-
phase and
maintenance-phase
baseline S-K
¢ time to hyperkalemia
(S-K=5.1 mmollL)

e time to normalization of
S-K (3.5 mmol/Lto
5.0 mmol/L)

e timeto a decreasein
S-K of 0.5 mmol/L

e harms

NoTES

Anker et al. (2015)18

baselinein S-K 2,5,8,12,15,19, 22, e EQ-5D-5L
e timeto an increasein 26,29,and 35 e harms
S-K of 0.5 mmol/L e harms
e harms
Publications Packham et al. (2015)* | Kosiborod et al. (2014)7 None None Fishbane et al. (2019)%

CDR = CADTH Common Drug Review; CPS = calcium polystyrene sulfonate; DB = double-blind; EQ-5D = EuroQol 5-Dimensions; EQ-5D-5L = EuroQol 5-Dimensions 5 levels; ESRD = end-stage renal disease; LSM = least
squares mean; g.d. = once daily; RCT = randomized controlled trial; S-K = serum potassium; SPS = sodium polystyrene sulfonate; SZC = sodium zirconium cyclosilicate; t.i.d. =three times a day.

Note: Two additional reports were included (CDR submission® and FDA review?%),

2258 patients were in the open-label acute phase and received SZC 10 g t.i.d. for 48 hours.

b 267 patients were in the open-label acute phase and received SZC 10 g t.i.d. for 48 hours.

®i-STAT is ahandheld analyzer that measures potassium in plasma and provides immediate results.

4pseudo-hyperkalemia may arise from hemolyzed blood specimens due to excessive clenching, difficult or traumatic venipuncture, or history of sev ere leukocytosis or thrombocytosis.

¢ The Health Canada product monograph for SZC indicates a dose of 10 mg three times a day for the acute phase and 5 mgto 10 mg once daily for the maintenance phase. Accordingly, this clinical report does not include data
available for 1.25 g, 2.5 g, and 5 g in the acute phase or 15 g in the maintenance phase.

Sources: Clinical Study Report for Study ZS-003;%% Clinical Study Report for Study ZS-004;% Clinical Study Report for Study ZS-D9480;% Clinical Study Report for Study ZS-D9482;% Fishbane et al. (2019).%°
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Description of Studies

Five DB, placebo-controlled RCTs metthe inclusion criteria for the systematic review:three
two-phase studies (Study ZS-003, Study ZS-004, and Study ZS-D9480), one acute-phase
study (Study ZS-D9482),and one maintenance-phase study (DIALIZE). In all three two-
phase studies, patients were required to achieve normokalemia (a serum potassium level of
3.5 mmol/Lto 5.0 mmol/L) upon completion of the acute phase to be eligible to enter the
maintenance phase. In all five included studies, patients treated with SPS within the last
seven days before screening were excluded. The DIALIZE study was the only one involving
patients with end-stage kidney disease on dialysis.

Study ZS-003 (NCT01737697) was a phase lll study that consisted of two randomized
phases, an acute phase of two days, and a maintenance phase of 12 days in adult patients
(> 18 years of age) with mild to moderate hyperkalemia (serum potassium levels of 5.0
mmol/Lto 6.5 mmol/L as measured by ani-STAT handheld analyzer) (Figure 2). The
primary objective wasto evaluate the efficacy and safety of four differentdoses of SZC in
the acute phase. A secondary objective was to evaluate the maintenance phase. The study
was conducted from November 25,2012 to October 29, 2013 in 65 sites in the US,
Australia, and South Africa. A total of 1,433 patients were screened, of whom 754 (52.6%)
were randomizedinal:1:1:1:1 ratio to placeboor SZC 1.25g,2.59,5 g, or 109 three
times daily for the first 48 hours (days 1 and 2). The 1.25g and 2.5 g doses are not
included in this review as they are not part of Health Canada’s approved dosing regimen.1°
Patients who were normokalemic (3.5 mmol/L to 5.0 mmol/L) after 48 hours were
randomizedina1:1 ratio to the same acute-phase dose orto placebo administered once
dailyfor12 days (days 3 to 14). An end-of-study assessmentoccurred seven days after the
last dose of study drug (day 21 for patients enrolled in the maintenance phase;otherwise,
day 9 for patients not enrolled in the maintenance phase).

Study ZS-004 (NCT02088073), also known as HARMONIZE, was a phase Ill study that
also consisted of two phases: an open-label acute phase of two days followed by a
randomized maintenance phase thatlasted 28 days (note: no design figure was available
for this study). Adultpatients (> 18 years of age) with serum potassium of 5.1 mmol/L or
greater at screening were recruited from March 18, 2014 to August 8, 2014. The primary
objective was to evaluate the efficacy and safety of three differentdoses of SZC during the
maintenance phase. A secondary objective was to evaluate the acute phase. The study
was conducted in 44 sites inthe US, Australia, and South Africa. Of 425 patients screened,
258 (60.7%) entered the open-label, 48-hour acute phase and received SZC 10 g three
times daily. Patients were eligible to enterthe maintenance phase if they achieved
normokalemia after 48 hours. A total of 237 patients were randomized in a 7:4:4:4 ratio to
placebo,SZC 5 g, SZC 10g, or SZC 15 g once daily for 28 days. The 15 g dose is not
included in this review as itis not approved by Health Canada.® Patients who completed
the maintenance phase or discontinued due to hypokalemia or hyperkalemia were offered
participation inan OLE study (Study ZS-004E) to evaluate the long-term safety and efficacy
of SZC. Patients who did not enter Study ZS-004E were followed for seven days after the
last dose of study drug forend of study (day 35).
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Study ZS-D9480, also known as HARMONIZE Global, was a phase Il study conducted in
Japan, Russia, South Korea, and Taiwan whose design was similar to that of Study ZS-004
(Figure 3). Adultpatients (18 years to 90 years) with two consecutive serum potassium
values of 5.1 mmol/L or greater were recruited between March 3, 2017 and February 14,
2018.The primary objective was to evaluate the efficacy of two differentdoses of SZC
during the maintenance phase. Secondary objectives were to evaluate the efficacy of SZC
in the acute phase and safetyin both the acute and maintenance phases. Atotal of 472
patients were screened, and 267 (56.6%) entered the acute phase, in which patients were
administered SZC 10 g three times daily for 48 hours. If patients achieved normokalemia
afterthe acute phase, they were eligible to enter a 28-day maintenance phase in which they
were randomizedina1:2:2 ratio to placebo, SZC 5 g, or SZC 10 g once daily (N = 248). An
end-of-study assessmentoccurred seven days after the last dose of study drug (day 35).

Study ZS-D9482 was a phase Il/lll study that was conducted during the acute phasein 103
Japanese patients 18 years or older with two consecutive i-STAT serum potassium values
of 5.1 mmol/L to 6.5 mmol/L, inclusive (Figure 4). The study was conducted from

June 14,2017 to February 23, 2018 at 24 sites in Japan. Patients were randomizedin a
1:1:1 ratio to placebo, SZC 5 g, or SZC 10 g three timesdaily for 48 hours. The 5 g dose is
notincluded in this review as itis not approved by Health Canada for the acute phase.
Patients were followed for seven days after the last dose (day 9).

DIALIZE was a phase llIb study that was conducted from December 14,2017 to November
7,2018in patients with ESRD who were being managed with hemodialysis threetimesa
week. The treatmentperiod was eight weeks, with an initial four-week dose titration period
followed by a four-week stable dose period, during which efficacy was evaluated (Figure 5).
The study was conducted at 54 sites inthe US, the UK, Japan, and Russia. A total of 196
patientswere randomizedina 1:1 ratioto placebo ora starting dose of SZC 5 g once daily
on non-dialysis days. The dose was titrated in 5 g increments to a maximum of 15 g once
daily to maintain normokalemia (i.e., pre-dialysis serum potassium 4.0 mmol/Lto 5.0
mmol/L). Patients were followed for two weeks after the last dose of study drug.
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Figure 2: Study Design of Study ZS-003

Primary End Point
(initial phase)

Exponential rate of change in Sec.ondary End Point
serum potassium over 48 hr (maintenance phase)
- - ) Exponential rate of change in serum
Patients with normokalemia potassium over 12-day treatment
on morning of day 3 may interval
proceed to maintenance
phase ‘
— 2Days ¥ 12 Days 1 7 Days A
Initial phase Maintenance phase FO"OW—UP
|
Dose ' Dose (once daily) :
(3x daily) 1
' 75-9,1.25 g '
| Placebo I. '
' 759,25¢ '
! -
|zs-9, 1.25¢g }' 1
: 750, 1.25 ¢ |
1
' 1
| 75-9,25¢g } i
| 759,25¢ 1
i '
[[zso5¢ K !
\ 759, 5 ¢ '
! !
| 759,10¢g }' |
! 759 10 o '
|
| | 1 | I I I | I I I I 1 1 I 1
1 2 3 4 5 7 8 S 10 11 12 13 14 15 21
Study Day

|
| 4
| 4
>
>
>
>
>
>

ZS9Dose AAA AAA A A A

Potassium ,m. m T

Measurement

—
—
—
—
=
—
—
—_
—
—

Source: Extracted from N Engl J Med, Packham, D. K. et al., Sodium zirconium cyclosilicate in hyperkalemia, 372:222-231. Copyright © 2015 Massachusetts Medical
Society. Reprinted with permission from Massachusetts Medical Society.®
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Figure 3: Study Design of Study ZS-D9480

V1 V2 Vi V4 Vs V6 V7 Vé Vo Vo VIl Vi2 V13 EQS*®
“D-1 - DI* == D2* D3DI° D2 D5 D ° DI2° D15 DI19° " D22 D2 - D29 r====== 'N:
i i ' |
| ! ZS 5g qd : i
| ; i !
| ZS10g tid . ZS 10g qd i :
| i | !
i | | |
E i Placebo qd i i
1 I [ \
i Correction phase . Maintenance phase :. |
. : , !
Screening Treatment Period EOS

EOS = end of study.

Source: Extracted from Clinical Study Report for Study ZS-D9480.%

Figure 4: Study Design of Study ZS-D9482
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Figure 5: Study Design of DIALIZE

Visit 1 2 3 7 75 8|9 95|10 10.5/11 11.5|12 125113 13.5|14 145| 15| 16
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Day -7 -5 -3 8 10 12|15 17|22 24 |29 31 |36 38 |43 45 |50 52 |57 :{:13
L L L L L L L L
SZC once daily on non-dialysis days for 8 weeks
o
PBO once daily on non-dialysis days for 8 weeks
| Dose titration (4 weeks) | Evaluation (4 weeks) |
| !
Screening Treatment period Follow-up

PBO = placebo; SZC = sodium zirconium cyclosilicate.
Source: Republished with permission from the American Society of Nephrology from: A phase IlIb, randomized, double-blind, placebo-controlled study of SZC for reducing
the incidence of pre-dialysis hyperkalemia, Fishbane, S. et al., JASN, 30 (6), © 2019; permission conveyed through Copyright Clearance Center, Inc.®

Populations
Inclusion and Exclusion Criteria: Two-Phase Studies

Study ZS-003 included adult patients over 18 years of age with mild to moderate
hyperkalemia (serum potassium 5.0 mmol/L to 6.5 mmol/L asidentified atthe site during
routine or acute visits) who were treated in an outpatientsetting. At screening, potassium
was recorded three times at 30-minute intervals by i-STAT. If the mean of the valueswas
between 5.0 mmol/L and 6.5 mmol/L, the patientwas randomized into the study. Patients
treated with SPS within the last seven days or who were receiving dialysis were excluded.
Study ZS-004 included adult patients over 18 years of age with serum potassium of 5.1
mmol/L or higher (an upperlimitwas not specified) identified during routine or acute visits in
an outpatientsetting. At screening, potassium was recorded twice at one-hour intervals by
i-STAT. If both values were greater than or equal to 5.1 mmol/L, the patient entered the
acute phase of the study. Patients who failed the initial screening may have been screened
up to two more times during the study. Patients treated with SPS within the last seven days,
who were receiving dialysis, or who were included in Study ZS-003 were excluded. Study
ZS-D9480 had inclusion and exclusion criteria that were similar to those of Study ZS-004.

Inclusion and Exclusion Criteria: Single-Phase Studies

Study ZS-D9482 recruited adult patients 18 years or older with mild to moderate
hyperkalemia (serum potassium 5.1 mmol/L to 6.5 mmol/L). Patients treated with SPS
within the last seven days or who were receiving dialysis were excluded. DIALIZE was the
only study that included patients on dialysis. Adult patients 18 years or older with ESRD
who were managed for atleast three months priorto randomization by hemodialysisthree
times weekly were screened. Patients were required to have persistenthyperkalemia during
the one-week screening period, defined as pre-dialysis serum potassium greater than
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5.4 mmol/L after the long interdialytic interval and greater than 5.0 mmol/L after atleast one
shortinterdialytic interval. Patients treated with SPS, CPS, or patiromer within the last
seven days were excluded, as were patients with myocardial infarction, acute coronary
syndrome, stroke, or thrombotic/thromboembolic eventwithin the last 12 weeks.

Baseline Characteristics

Acute Phase

Table 8 shows the baseline characteristics of patients in the acute phase (first 48 hours). In
all studies, patients were generally older (mean age in the sixties across studies, and
slightly higher among the Japanese patientsin Study ZS-D9482, who had mean agesin the
seventies). The majority of patients were male and white, except in studies ZS-D9480 and
ZS-D9482, which included more Asian patients. Baseline serum potassium indicated mild to
moderate hyperkalemia; levelswere 5.3 mmol/L orlessin the majority of patientsin ZS-
003, lessthan 6.0 mmol/L in Study ZS-004, and less than 5.5 mmol/L in Study ZS-D9482.
The mostcommon causes of hyperkalemia were RAASi use and CKD. In Study ZS-003,
RAASI wasthe cause of hyperkalemiain about67% of patients. CKD was the cause in
61%, DM in 60%, and congestive heart failure in 40%. In Study ZS-004, RAASI use was
again the mostcommon cause of hyperkalemia (70%), followed by DM and CKD (66%) and
heart failure (36%). In Study ZS-D9480, CKD was slightly more frequentthan RAASI use
(about78% and 77%, respectively), followed by DM (64%) and congestive heartfailure
(19%). In Study ZS-D9482, RAASI use was presentin 78% of patients, CKD in 76%,
diabetesin 62%, and heart failure in 14%. Some baseline differences among groups were
present(e.g., in Study ZS-003, serum potassium greater than 5.5 mmol/L was 26% in the
placebo group versus 15% in the SZC 10 g group; in Study ZS-9482, serum potassium
greaterthan 5.5 mmol/L was 46% in the placebo group versus 33% in the SZC 10 g group).

Table 8: Summary of Acute-Phase Baseline Characteristics

aracte a 00 a a a D948
004 D94803
Placebo SzC10g SzC10g SzZzC10g Placebo SZC10g
(N =158) (N =143) (N =258) (N =267) (N=33) (N =36)
Mean age (SD), years 65.6 (12.2) 66.2 (12.2) 64.0 (12.7) 67.8 (10.8) 76.1 (6.8) 71.1 (7.6)
Age range, years 27 to 88 31t091 22 t0 89 311090 57 to 85 50to 87
Male, n (%) 98 (62.0) 80 (55.9) 149 (57.8) 171 (64.0) 23 (69.7) 28 (77.8)
Race, n (%)
White 136(86.1) 120(83.9) 215(83.3) 40 (15.0) 0(0) 0(0)
Black 17 (10.8) 19 (13.3) 37 (14.3) 0 (0) 0 (0) 0(0)
Asian 2(1.3) 2(1.4) 5(1.9) 227(85.0) 33 (100) 36 (100)
Other 3(1.9) 2(1.4) 3(1.2) 0 (0) 0(0) 0(0)
S-K median (range), NR NR NR 5.6 55 54
mmol/L (451t07.4) (5.210 6.6) (5.01t0 6.8)
S-K, n (%)
<5.3mmol/L 95 (60.1) 94 (65.7) NR NR NR NR
<5.3 mmol/L NR NR NR NR 6 (18.2) 12 (33.3)
<5.5 mmol/lL NR NR 119 (46.1) NR NR NR
5.3 mmol/L to NR NR NR NR 12 (36.4) 12 (33.3)
5.5 mmol/L
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aracte d o]0 o d d D948
0042 D9480°
Placebo SZC10g SZC10g SZC10g Placebo SZC10g
(N = 158) (N =143) (N =258) (N =267) (N =33) (N =36)
5.4 mmol/L to 22 (13.9) 27 (18.9) NR NR NR NR
5.5 mmol/L
5.5 mmol/L to NR NR 100 (38.8) NR NR NR
< 6.0 mmol/L
>5.5 mmol/L 41 (25.9) 22 (15.4) NR NR 15 (45.5) 12 (33.3)
=2 6.0 mmol/L 0 (0) 0(0) 39 (15.1) NR 0 (0) 0(0)
eGFR, n (%)
<15 mL/min/1.73m? 15 (9.5) 10 (7.0) NR NR 11 (33.3) 9 (25.0)
15to 44 (27.8) 42 (29.4) NR NR 11 (33.3) 13(36.1)
29 mL/min/1.73m?
30to 61 (38.6) 50 (35.0) NR NR 11 (33.3) 11 (30.6)
59 mL/min/1.73m?
<60 mL/min/1.73m? NR NR 179 (69.4) NR NR NR
2 60 mL/min/1.73m? 38 (24.1) 41 (28.7) 72 (27.9) NR 0 (0) 3(8.3)
Cause of hyperkalemia/
baseline condition, n
(%)
CKD 96 (60.8) 83 (58.0) 169 (65.5) 209(78.3) 26 (78.8) 26 (72.2)
CHF/HF 66 (41.8) 59 (41.3) 94 (36.4) 50 (18.7) 4(12.1) 3(8.3)
DM 96 (60.8) 81 (56.6) 170(65.9) 172 (64.4) 16 (48.5) 24 (66.7)
RAASI use 101(63.9) 96 (67.1) 180(69.8) 205(76.8) 27 (81.8) 26 (72.2)

CHF = congestive heart failure; CKD = chronic kidney disease; DM = diabetes mellitus; eGFR = estimated glomerular filtration rate; HF = heart failure; NR = not reported;
RAASI = renin-angiotensin-aldosterone system inhibitor; SD = standard deviation; S-K = serum potassium; SZC = sodium zirconium cyclosilicate.

2The acute phases of Study ZS-004 and Study ZS-D9480 were open-label with no comparator groups.
Sources: Clinical Study Report for Study ZS-003;% Clinical Study Report for Study ZS-004;% Clinical Study Report for Study z2S-D9482.%

Maintenance Phase

Figure 9 and Table 10 provide baseline characteristics of patients in the maintenance
phase (beyond 48 hours). Patients were mostly older (mean ages in the sixties) and the
majority were male and white, except in Study ZS-D9480, which had mostly Asian patients.
Serum potassium levels atthe start of the maintenance phase were in the normal range
(3.5 mmol/Lto 5.0 mmol/L) for the majority of patients. (In studies ZS-003, ZS-004, and ZS-
D9480, patients were required to achieve normokalemia after acute-phase treatmentto
enter the maintenance phase). Atthe acute-phase baseline,a small percentage of patients
had an eGFR of lessthan15 mL/min/1.73m?(4.4% to 9.8%). Larger proportions of patients
had an eGFR of 15to 29 mL/min/1.73m?(27.9% to 34.9%) or 30 to 59 mL/min/1.73m?
(32.8%1t0 47.1%). In DIALIZE, more patientsin the placebo group had a medical history of
cardiac disorders (61.6% versus 46.4%).

CADTH COMMON DRUG REVIEW Clinical Review Report for Sodium Zirconium Cyclosilicate (Lokelma) 37



CADTH

Table 9: Summary of Maintenance-Phase Baseline Characteristics (Studies ZS-003 and ZS-

004)
Characteristic | Study ZS-003 Study ZS-004
Acute phase SZC5g SZC10g SZC10g
Maintenance phase Placebo SZC5¢g Placebo SZC10g Placebo SZC5¢g SZC10g
(N =68) (N =64) (N=61) (N =63) (N =85) (N =45) (N =51)
Mean age (SD), years | 65.0(12.6) | 64.6 (11.3) | 66.8(125) | 65.5(12.2) | 64.3(12.1) | 61.5(16.9) | 63.8(10.0)
Age range, years 2410 89 3510 86 331088 31t091 2310 87 22 t0 89 44 10 85
Male, n (%) 46 (67.6) 32 (50.0) 35(57.4) 35 (55.6) 44 (51.8) 27 (60.0) 27 (52.9)
Race, n (%)
White 54 (79.4) 56 (87.5) 48 (78.7) 55 (87.3) 73 (85.9) 36 (80.0) 44 (86.3)
Black | 10 (14.7) 7 (10.9) 9 (14.8) 8(12.7) 10 (11.8) 8(17.8) 5 (9.8)
Asian 2(2.9) 1(1.6) 2(3.3) 0 (0) 3(3.5) 0(0) 1(2.0)
Other 2 (3.0) 0 (0) 2(3.2) 0 (0) 1(1.2) 1(2.2) 1(2.0)
S-K at AP baseline, n (%)
<53mmollL | 38(55.9) 42 (65.6) 41 (67.2) 39 (61.9) NR NR NR
<5.5 mmol/L NR NR NR NR 43 (50.6) 23 (51.1) 19 (37.3)
54mmol/iLto | 17 (25.0) 14 (21.9) 13 (21.3) 12 (19.0) NR NR NR
5.5 mmol/L
5.5 mmol/L to NR NR NR NR 30 (35.3) 17 (37.8) 23 (45.1)
< 6.0 mmol/L
>55mmol/L | 13(19.1) 8 (12.5) 7 (11.5) 12 (19.0) NR NR NR
> 6.0 mmol/L 0(0) 0 (0) 0(0) 0(0) 12 (14.1) 5(11.1) 9(17.6)
S-K at MP baseline, n (%)
<5.3mmol/L 64 (94.1) 62 (96.9) 61 (100) 62 (98.4) NR NR NR
5.4 mmol/Lto 3(4.4) 1(1.6) 0 (0) 0 (0) NR NR NR
5.5 mmol/L
>5.5 mmol/L 1(1.5) 1(1.6) 0 (0) 1(1.6) NR NR NR
Patients who were 55 (80.9) 57 (89.1) 59 (96.7) 57 (90.5) NR NR NR
normokalemic,
n (%)
eGFR at AP baseline, n (%)
<15 mL/min/1.73m?2 3(4.4) 5(7.8) 6 (9.8) 3(4.8) NR NR NR
15to 19 (27.9) 20 (31.3) 18 (29.5) 22 (34.9) NR NR NR
29 mL/min/1.73m?
30 mL/minto | 32(47.1) 21 (32.8) 21 (34.4) 23(36.5) NR NR NR
59 mL/min/1.73m?
<60 mL/min/1.73m2 NR NR NR NR 52 (61.2) 31 (68.9) 38 (74.5)
> 60 mL/min/1.73m? | 13 (19.1) 17 (26.6) 16 (26.2) 15 (23.8) 28 (32.9) 12 (26.7) 13 (25.5)
eGFR at MP baseline, n (%)
<15mLmin/1.73m? | 2(2.9) 5(7.8) 582 | 3(4.8) NR NR NR
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Study ZS-004

Acute phase SZC5g SZC10g SZC10g
Maintenance phase Placebo SZC5¢g Placebo SZC10g Placebo SZC5¢g SZC10g
(N =68) (N =64) (N=61) (N =63) (N =85) (N =45) (N =51)
15t0 | 19 (27.9) 18 (28.1) 17 (27.9) 23(36.5) NR NR NR
29 mL/min/1.73m?
30 mL/minto 29 (42.6) 20 (31.3) 24 (39.3) 20 (31.7) NR NR NR
59 mL/min/1.73m?
> 60 mL/min/1.73m? | 17 (25.0) 19 (29.7) 15 (24.6) 17 (27.0) NR NR NR
Cause of hyperkalemia, n (%)
CKD 42 (61.8) 37 (57.8) 36 (59.0) 37 (58.7) 50 (58.8) 29 (64.4) 36 (70.6)
CHF/HF 28 (41.2) 26 (40.6) 23 (37.7) 26 (41.3) 26 (30.6) 18 (40.0) 18 (35.3)
DM 48 (70.6) 36 (56.3) 37 (60.7) 36 (57.1) 54 (63.5) 26 (57.8) 38 (74.5)
RAASI use 45 (66.2) 38 (59.4) 40 (65.6) 43 (68.3) 61 (71.8) 33(73.3) 36 (70.6)

AP = acute phase; CHF = congestive heart failure; CKD = chronic kidney disease; DM = diabetes mellitus; eGFR = estimated glomerular filtration rate; HF = heart failure;
MP = maintenance phase; NR = not reported; RAASI = renin-angiotensin-aldosterone system inhibitor; SD = standard deviation; S-K = serum potassium; SZC = sodium

zirconium cyclosilicate.

Sources: Clinical Study Report for Study ZS-003;% Clinical Study Report for Study ZS-004.%

Table 10: Summary of Maintenance-Phase Baseline Characteristics (Studies ZS-D9480 and

DIALIZE)
Characteristic Study ZS-D9480 DIALIZE
Acute phase SZC10g None
Maintenance phase Placebo SZC5¢g SZC10g Placebo SZC5gto 159
(N =50) (N =99) (N =99) (N=99) (N=97)
Mean age (SD), years 69.4 (10.3) 66.7 (11.4) 68.0 (10.2) 60.4 (13.2) 55.7 (13.8)
Age range, years 46 to 88 31t0 90 36 to 86 NR NR
Male, n (%) 36 (72.0) 63 (63.6) 61 (61.6) 58 (58.6) 57 (58.8)
Race,n (%)
White 7 (14.0) 12 (12.1) 13 (13.1) 52 (52.5) 50 (51.5)
Black NR NR NR 8(8.1) 11 (11.3)
Asian 43 (86.0) 87 (87.9) 86 (86.9) 33(33.3) 33(34.0)
Other NR NR NR 6 (6.0) 3(3.1)
S-K median (range) atAP 5.7 5.6 5.6 NA NA
baseline, mmol/L (451t06.9) (461t07.2) (4.8t10 6.90)
S-K median (range) atMP 4.5 4.4 4.4 NA NA
baseline, mmol/L (341t05.2) (3.51t05.3) (3.6105.8)
Pre-dialysis S-K, mean (SD), NA NA NA 5.9 (0.6) 5.8 (0.6)
mmol/L
Post-dialysis S-K, mean (SD), NA NA NA 3.9 (0.6) 3.8 (0.6)
mmol/L
Cause of hyperkalemia, n (%)
CKD 35 (70.0) 82 (82.8) 82 (82.8) 99 (100) 97 (100)
HF 8 (16.0) 18 (18.2) 19 (19.2) NR2 NRa
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Characteristic Study ZS-D9480 DIALIZE
Acute phase SZC10g None
Maintenance phase Placebo SZC5¢g SzC10g Placebo SZC5gto 15¢g
(N =50) (N=99) (N =99) (N=99) (N=97)
DM 29 (58.0) 67 (67.7) 66 (66.7) NR NR
RAASI use 41 (82.0) 76 (76.8) 78 (78.8) NR NR

AP = acute phase; CKD = chronic kidney disease; DM = diabetes mellitus; HF = heart failure; MP = maintenance phase; NA = not applicable; NR = not reported;
RAAS:I = renin-angiotensin-aldosterone system inhibitor; SD = standard deviation; S-K = serum potassium; SZC = sodium zirconium cyclosilicate.

2Cardiac disorders were present in 61.6% of placebo group and 46.4% of the SZC group.
Source: Clinical Study Report for Study ZS-D9480;% Fishbane et al. (2019).%°

Interventions

SZC was administered orally as a suspension in all studies. The following describes study
doses of SZC that are Health Canada—approved for the treatment of hyperkalemiain the
acute (i.e., 10 g three times daily) and maintenance (i.e.,5 g to 10 g once daily) phases.

Two-Phase Studies

In Study ZS-003, SZC was administered in the acute phase at 10 g three times daily fortwo
days andin the maintenance phase as5g or 10 g once daily for 12 days. In the acute
phase, patients took doses with meals, exceptfor the firstdose, which was taken about 90
minutes prior to breakfast. The first two doseson days 1 and 2 were administered atthe
site; the third dose was taken at home. In the maintenance phase, patients took the dose in
the morning with breakfastatthe site ondays 3 to 6 and day 9, andathome ondays 7 to 8
anddays 10 to 14. For doses taken at site, staff added about 180 mL purified water to the
study drug bottle and shook for at least 30 secondsto form a suspension immediately prior
to ingestion. The bottle was then sequentially rinsed twice with about 30 mL purified water
and each rinse was consumed by the patient. For dosestaken at home, staff instructed
patients on the preparation procedure and provided patients with bottles that contained
about240 mL of water. SZC was provided as a free-flowing, odourless, tasteless, white
crystalline powder. The placebo in the acute and maintenance phaseswas a matching oral
powder with the same appearance, taste, odour,and mode of administration.

In studies ZS-004 and ZS-D9480, SZC was administered as open-label for the firsttwo
days at a dose of 10 g three times daily. In Study ZS-004, the first dose on each acute-
phase day was administered atthe site aboutone hour before breakfast,and the second
and third doses were taken at home justbefore lunch and dinner. Patients who entered the
DB randomized maintenance phase received SZC 5 g or 10 g, or matching placebo, once
dailyin the morning justbefore breakfastatthe site or at home, based on pre-specified
days. The study drug was provided in sachets (two sachets in the acute phase and three in
the maintenance phase, packaged in single-use boxes). For doses administered atthe site,
staff emptied the required number of sachets into a standardized dosing vessel, filled the
vessel with water to the calibration line (about180 mL), and shook the bottle forat least 30
secondsto form a suspensionimmediately priorto ingestion. The bottle was then
sequentially rinsed with about30 mL water and each rinse was consumed by the patient.
For doses taken at home, staff instructed patients on the preparation procedure. If the i-
STAT potassium value was between 3.0 mmol/L and 3.4 mmol/L, inclusive,in the
maintenance phase, then dosing of the study drug was reduced from once daily to once
every otherday forthe remainder of the study. In Study ZS-D9480, the acute phase day 1
and day 2 first doses were administered before breakfast, and the second and third doses
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of each day could be administered with or withoutfood. During the maintenance phase of
Study ZS-D9480, patients were randomized to SZC 5 g or 10 g or a matching placebo. The
study drug was taken once daily in the morning with or without food. If the i-STAT serum
potassium level was 3.0 mmol/L to 3.4 mmol/L,inclusive,atany time during the
maintenance phase —and was confirmed with a second measurementtaken 10 minutes
later — then the frequency of the study drug was reduced from once daily to once every
other day.

Single-Phase Studies

In Study ZS-D9482, patientsreceived SZC 10 g or placebo as an oral suspension in water
three times daily for 48 hours in the acute phase.

In DIALIZE, patients received SZC or placeboin 5 g sachets at a starting dose of 5 g and
titrated up to 15 g once daily over four weeks, followed by a four-week stabilization period.
Treatmentwas provided as a powder for oral suspension;each sachetwas suspended in
45 mL water by the patient. The placeboin DIALIZE was not described. Dose adjustments
were based on i-STAT pre-dialysis serum potassium levels. The first four weeks of
treatmentconstituted a dose adjustmentphase in which doses of placebo or SZC were
changed once weekly if the pre-dialysis serum potassium was greater than 5.0 mmol/L after
the long interdialytic interval.

Concomitant Medications or Co-Interventions Permitted

No dietary interventions or restrictions were imposed for any treatmentgroup in either the
acute or maintenance phases of studies ZS-003,ZS-004, ZS-D9480, or ZS-D9482. In
DIALIZE, one of the inclusion criteria was that patients receive dietary counselling for ESRD
treated with hemodialysis, as perlocal guidelines, including restriction in dietary potassium.

In Study ZS-003, patients continued the treatments that they were on upon admission into
the study. Medications taken 30 days priorto study entry until the end-of-study visit (i.e.,
seven days afterthe last dose of study drug) were recorded. Similarly, in Study ZS-004,
patients continued with treatments they were taking prior to admission into the study.
Medications taken 30 days prior to study entry until day 29 of the maintenance phase for
patients entering the extension phase — or at the end-of-study visit (i.e., seven days after
the last dose of study drug) for patients not entering the extension — were recorded. In
Study ZS-D9480, concomitantmedications were allowed, although changes in RAASI or
diuretictherapies were not permitted. In Study ZS-D9482, concomitantmedications were
allowed, and medications taken seven days priorto study entry until the end-of-study visit
(i.e., seven days afterthe last dose of study drug) were recorded.

Table 11 and Table 12 show the percentages of patients who were using selected
medications that can affect serum potassium. The majority of patients were on a RAASI. In
Study ZS-003 (not shownin tables), a RAASI was used by about64% of patients on
placebo, 67% of patients on SZC 10 g, and 62% of patientson SZC 5 g. A large percentage
were also on beta-blockers or diuretics — particularly furosemide, a loop diuretic. Insulin
use varied among the studies. Few patients were taking anti-inflammatory drugs,
tacrolimus, or cyclosporin.
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Table 11: Selected Concomitant Medication Use That May Affect Potassium Levels (Study

Z5-D9482)

Medication

Study ZS-D9482

Acute phase Placebo SZC10g
(N =33) (N =36)
RAASI, n (%) 30 (90.9) 28 (77.8)
Diuretic, n (%)
Furosemide | 6 (18.2) 6 (16.7)
Indapamide | NR NR
Hydrochlorothiazide | NR NR
Spironolactone | 1 (3.0) 0(0)
Eplerenone | 1 (3.0) 0(0)
Insulin, n (%)
Long- or intermediate-acting | 2 (6.1) 5(13.9)
Rapid-acting | 1 (3.0) 6 (16.7)
Mixed | 1 (3.0) 2 (5.6)
Beta-blocker (oral), n (%) 9(27.3) 10 (27.8)
Anti-inflammatory (oral), n (%) 0 1
Tacrolimus, n (%) NR NR
Cyclosporin, n (%) 0 (0) 1(2.8)

NR = not reported; RAASI = renin-angiotensin-aldosterone system inhibitor; SZC = sodium zirconium cyclosilicate.

Source: Clinical Study Report for ZS-D9482.%

Table 12: Selected Concomitant Medication Use That May Affect Potassium Levels (Studies

ZS-004 and ZS-D9480)

Medication

Study ZS-004

Study ZS-D9480

Acute phase SZC10g SZC10g
Maintenance phase Placebo SZC5¢g SZC10g Placebo SZC5¢g SZC10g
(N =85) (N=45) (N =51) (N =50) (N=99) (N=99)
RAASI, n (%) 60 (70.6) 30 (66.7) 35 (68.6) 41 (82.0) 77 (77.8) 79 (79.8)
Diuretic, n (%) 35(41.2) 21 (46.7) 18 (35.3) NR NR NR
Furosemide | 23 (27.1) 11 (24.4) 12 (23.5) 10 (20.0) 22 (22.2) 21 (21.2)
Indapamide | 1 (1.2) 0(0) 0(0) 1(2.0) 0 (0) 2(2.0)
Hydrochlorothiazide | 4 (4.7) 7 (15.6) 3(5.9) 0 (0) 2(2.0) 4 (4.0)
Spironolactone | 4 (4.7) 2(4.4) 3(5.9) 1(2.0) 6(6.1) 2(2.0)
Eplerenone | NR NR NR 0(0) 3(3.0) 1(1.0)
Insulin, n (%)
Long- or intermediate-acting | 19 (22.4) 8(17.8) 10 (19.6) 8 (16.0) 13 (13.1) 7(7.1)
Rapid-acting | 14 (16.5) 11 (24.4) 7(13.7) 4(8.0) 9(9.1) 6(6.1)
Mixed | 2 (2.4) 0(0) 2(3.9) 2(4.0) 5(5.1) 5(5.1)
Other? | 4 (4.7) 3(6.7) 8 (15.7) NA NA NA
Beta-blocker (oral), n (%) 37 (43.5) 22 (48.9) 26 (51.0) 20 (40.0) 36 (36.4) 39 (39.4)
Anti-inflammatory or 4(4.7) 3(6.7) 2(3.9) 2(4.0) 3(3.0) 2(2.0)
antirheumatic (oral), n (%)
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Medication Study ZS-004 ‘ Study ZS-D9480

Acute phase SZC10g SZC10g

Maintenance phase Placebo SZC5¢g SZC10g Placebo SZC5¢g SZC10g
(N =85) (N=45) (N =51) (N =50) (N =99) (N =99)

Tacrolimus, n (%) 1(1.2) 0 (0) 1(2.0) 0(0) 1(1.0) 0 (0)

Cyclosporin, n (%) 0 (0) 1(2.2) 0 (0) 1(2.0) 2(2.0) 0(0)

NA = not applicable; NR = not reported; RAASI = renin-angiotensin-aldosterone system inhibitor; SZC = sodium zirconium cyclosilicate.

20ther insulins include human mixtard, human insulin, porcine insulin, and insulin.

Source: Clinical Study Report for Study ZS-004;% Clinical Study Report for Study ZS-D9480.%

Rescue Medication

Patients who required emergency treatmentfor hyperkalemia (i.e., IV calcium,insulin,
glucose, beta-agonists, or dialysis) would have been discontinued from the study drug. In
DIALIZE, the need forurgent rescue therapy was one of the outcomes, and it was defined
as therapies needed to reduce serum potassium levels due to severe hyperkalemia (serum
potassium > 6.0 mmol/L). Rescue therapiesincluded SPS, CPS, patiromer, beta-agonists,
sodium bicarbonate, insulin or glucose, or additional dialysis initiated to reduce potassium.

Stopping Criteria

In Study ZS-003, patients with an i-STAT potassium level greater than 6.5 mmol/L on day 1
(four hours after the firstdose) were withdrawn from the study and received standard of
care. Patients with potassium levels from 6.1 mmol/L to 6.5 mmol/L four hours after the first
dose remained atthe site for 90 minutes afterthe second dose; if potassium was greater
than or equal to 6.2 mmol/L atthis point, the patientwas withdrawn. On day 2, patients with
a potassium level greaterthan or equal to 6.2 mmol/L priorto dosing or four hours after the
first dose of the second day were withdrawn from the study. During the acute phase,if a
patient's potassium was 3.0 mmol/L to 3.4 mmol/L, they skipped the next dose. The
following were other rules for withdrawal from the study: potassium greaterthan 7.0 mmol/L
or less than 3.0 mmol/L; potassium less than 3.4 mmol/L during the maintenance phase;
serious cardiac arrhythmia (i.e., ventricular tachycardia, ventricul ar fibrillation, new atrial
fibrillation or flutter, new paroxysmal supraventricular tachycardia other than sinus
tachycardia, second- or third-degree atrioventricular block, or significantbradycardia,
defined as heartrate less than 40 beats per minute); acute congestive heart failure; or
significantincrease in PR interval (> 0.25 seconds), widening of QRS complex (> 0.14
seconds), or peaked T-wave.

Study ZS-004: Patients with i-STAT potassium greaterthan 6.2 mmol/Londay 1, 90
minutes after the firstdose of study drug were withdrawn. Patients with potassium not
within the normal range of 3.5 mmol/L to 5.0 mmol/L by the morning of day 3 were not
eligible forrandomization in the maintenance phase and were withdrawn. Patients with
potassium levelslessthan 3.0 mmol/L at anytime, or greater than 6.2 mmol/L during the
maintenance phase, were withdrawn. Other criteria for withdrawal were: serious cardiac
arrhythmia (as described in Study ZS-003); acute heart failure; significantincrease in PR
interval (0.25 seconds), widening of QRS complex (0.14 seconds), peaked T-wave, or
increase in heart rate—corrected QT interval.

In Study ZS-D9480, patients with i-STAT potassium levels less than 3.0 mmol/L atany
time, or greater than 6.2 mmol/L during the maintenance phase, were discontinued from
treatment. Patients were not allowed to titrate, discontinue, switch, or start new therapy with
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a RAASI or diuretic during the study. If changesto RAASI or diuretic therapy were
indicated, then patients were required to discontinue the study drug. Patients were also
discontinued for any of the following reasons: startof dialysis; clinically significantcardiac
arrhythmia (as described in Study ZS-003); acute heart failure; significantincrease in PR
interval (> 0.25 seconds); widening of the QRS complex (>0.14 seconds); peaked T-wave;
or increase in heart rate—corrected QT interval (absolute > 0.55 seconds or increase of >
0.06 seconds from baseline to more than 0.5 seconds).

In Study ZS-D9482, patients with i-STAT potassium levels greater than 6.5 mmol/L were
withdrawn from the study. If potassium was between 3.0 mmol/L and 3.4 mmol/L atany
pointon day 1 or day 2, additional doses of the study drug were withheld for that day and
the patientwas asked to return the next day for re-evaluation. Patients also discontinued
the study drug if they developed significantcardiac arrhythmias (as described in Study ZS-
003) or acute heart failure, or if they showed an increase in PR interval (0.25 seconds); a
widening of QRS complex (0.14 seconds); a peaked T-wave with evaluation of potassium
level;or an increase in heart rate—corrected QT interval (absolute > 0.55 seconds or
increase of > 0.06 seconds from baseline to more than 0.5 seconds).

In the DIALIZE study, stopping rules were not provided.

Outcomes

In Study ZS-003, the primary outcomes were the exponential rate of change in serum
potassium levelsinthe initial 48 hours of the acute phase and over the 12 days of the
maintenance phase. (Note: these primary outcomes were based on FDA recommendations,
which differed from those of the European Medicines Agency’s Committee for Human
Medicinal Products. The committee’s recommendations used the percentage of patients
achieving normokalemia asthe primary outcome in the acute phase and the cumulative
number of days remaining normokalemic for the maintenance phase). Other outcomes for
the acute phase were:change in serum potassium, time to normalization (3.5 mmol/Lt0 5.0
mmol/L),time to first potassium decrease of 0.5 mmol/L, proportion of patients who
achieved potassium normalization atthe end of 24 hours and 48 hours, and harms. Other
outcomes forthe maintenance phase were time to relapse (i.e., return to potassium
baseline value), number of days remaining normokalemic, proportion of patients who
retained normal potassium levels atthe end of the subacute phase, change in potassium
from baseline, time to potassium increase of 0.5 mmol/L, and harms. Potassium levels were
analyzed by both a handheld analyzerthatprovided resultsin minutes (i-STAT) and by a
central laboratory. Patient eligibility and treatmentdecisions were based on i-STAT values,
while statistical analyses were based on central laboratory values. At screening, the mean
of three potassium values was taken to determine patienteligibility (5.0 mmol/Lt0 6.5
mmol/L). Subsequently, potassium was measured on day 1 (0 hours, 1 hour, 2 hours,and 4
hours after dose 1 and 1.5 hours afterdose 2), day 2 (0 hours, 1 hour, and 4 hours after
dose 1), andday 3 (0 hoursand 4 hours afterdose 1), and once ondays 4 to 6, 9, 15, and
21. Efficacy and harms were analyzed separately for the acute and maintenance phases.
Harms were recorded from the first dose of study drug to the end-of-study visit.

The primary outcome in Study ZS-004 was the least squares mean (LSM) of all available
serum potassium values during the maintenance phase (days 8 to 29). Other outcomes for
the acute phase were the exponential rate of change in serum potassium in the initial 48
hours of treatment, change in potassium from baseline, proportion of patients who achieved
normokalemia at24 hours and 48 hours, time to potassium normalization, and harms.
Other outcomes forthe maintenance phase were number of normokalemic days, change in

CADTH COMMON DRUG REVIEW Clinical Review Report for Sodium Zirconium Cyclosilicate (Lokelma) 44



CADTH

potassium from baseline, time to hyperkalemia (potassium=5.1 mmol/L), time to relapse
(i.e., returnto potassium baseline value), proportion of patients who remained
normokalemic, and harms. Serum potassium was analyzed by i-STAT and central
laboratory, with eligibility and treatmentdecision based oni-STAT values and statistical
analyses based on central laboratory values. At screening, two consecutive i-STAT
potassium values taken 60 minutes apart needed to be greaterthan or equalto 5.1 mmol/L
fora patient to be eligible for entry. Potassium was measured on acute-phase day 1 (1
hour, 2 hours, and 4 hours after dose 1), day 2 (0 hours and one hour after dose 1), and
day 3, followed by maintenance-phase days 2,5, 8,12, 15, 19, 22, 26, and 29. Health care
utilization, including physician, hospital, and emergency room visits, was also monitored in
this study.

The primary and secondary outcomesin Study ZS-D9480 were similar to those of Study
ZS-004. Study ZS-D9480 additionally evaluated health-related quality of life (HRQoL) with
the EuroQol 5-Dimensions 5-Levels (EQ-5D-5L) instrumentatday 1 of the acute phase and
at end of the maintenance phase. The EuroQol 5-Dimensions (EQ-5D) instrumentis a
generic, self-reported quality of life instrumentthatis applicable to a wide range of health
conditions and treatments. The tool consists of a descriptive system and the EuroQol Visual
Analogue Scale (EQ VAS). The EQ-5D-5L has been validated for feasibility, ceiling effects,
discriminatory power, and convergentvalidity in a diverse patientpopulation from six
countries with chronic conditions;® however, evidence of validity in patients with
hyperkalemiawas notidentified. A Canadian-specific estimate of a minimum important
difference forthe EQ-5D-5L was a mean of 0.056.%

In Study ZS-D9482, the primary outcome was the exponential rate of change in serum
potassium during 48 hours of treatment. Secondary outcomes were the exponential rate of
change in potassium during the first 24 hours, the proportion of patients who achieved
normokalemia at24 hours and 48 hours, change in potassium from baseline, time to
normalization of potassium, time to potassium decrease of 0.5 mmol/L, and harms. Patients
were assessed at days 1, 2, and 3, and at an end-of-study visitseven days after the last
dose of study drug. Serum potassium levels were measured using both the i-STAT and
central laboratory, with treatmentdecisions based on i-STAT values and statistical analyses
based on central laboratory values.

The primary outcome in DIALIZE was the proportion of patients who maintained a pre-
dialysis serum potassium level of 4.0 mmol/L to 5.0 mmol/L during atleastthree of four
hemodialysis treatments after the long interdialytic interval and who did not require rescue
therapy. Secondary outcomes were the proportion of patients who required any urgent
rescue intervention to reduce potassium, pre- and post-dialysis potassium levels, and
harms. Rescue therapy was defined as any urgentintervention that was needed to reduce
serum potassium due to severe hyperkalemia (i.e., potassium > 6.0 mmol/L) and included
SPS, CPS, patiromer, beta-adrenergic agonists, sodium bicarbonate, insulin or glucose, or
additional dialysis. As with the other studies, potassium was measured using both the i-
STAT and central laboratory. Adverse events were recorded from the time of randomization
and SAEs from the time of informed consent.

Statistical Analysis
Power Calculation

Study ZS-003: Separate sample sizes were calculated for the acute and maintenance
phases. For the exponential rate of potassium change in the acute phase, the sample size
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was based on a random slopes model and parameters from data obtained in Study ZS-002.
Using the parametersin the model, there was 90% power to detect a difference in slopes of
0.0183 per day. For the maintenance phase, 100 of 150 patients treated in the acute phase
in each dosage group were estimated to achieve normokalemia and be eligible for
extended dosing. Using the parameters from the random slopes model, there was 90%
power to detect a difference in slopes of 0.0205 per day.

Study ZS-004: Sample size was calculated based on serum potassium during
maintenance-phase days 8to 29. A sample of 232 patientsin the maintenance phase (85 in
the placebo group and 49 in each active dose group) had 90% power and 5% type | error to
detect a mean difference of 0.3 mmol/L between any active dose comparator with placebo,
with a two-sided hypothesis test and a sequential closed testing procedure. This sample
size also had 90% power and 5% type | errorto detect a four-day increase in normokalemic
days between any active dose and placebo.

Study ZS-D9480: Sample size was calculated based on LSM serum potassium during
maintenance-phase days 8to 29. It was estimated that 255 patients (51 in the placebo
group and 102 in each active treatmentgroup) would provide more than 90% power to
detect a mean serum potassium difference of 0.30 between each dose group and placebo,
assuming anintra-patientstandard deviation (SD) of 0.50 and a two-sided test at a 5%
significance level. ltwas assumed that 95% of patients would be normokalemic after
treatmentwith at least one dose of 10 g. Based on these estimates, 269 patients were
required to enterthe acute phase.

Study ZS-D9482: Sample size was calculated based on the exponential rate of change in
serum potassium using arandom slopes model and parameters thatwere estimated from
Study ZS-003. Based on these estimates, 34 patientsin the placebo group and in each
dosage group provided more than 95% power to detect a difference in slopes of 0.055 per
day and 83% powerto detect a difference in slopes of 0.030 perday. The proportion of
patients normokalemic at48 hours was assumed to be 47.8% for placebo and 86.4% for 10
g. The sample size of 34 patients in each group had about90% power to detect the
difference between placebo and 10 g at a significance level of 5%.

DIALIZE: The sample size forthe primary efficacy outcome was calculated as 180 patients
(90 patientsin each group). This sample provided a power of greater than or equal to 90%
to detect a difference between placebo and SZC of 25% in the proportion of patients who
maintained a pre-dialysis serum potassium of 4.0 mmol/L to 5.0 mmol/L during atleast
three of four hemodialysis treatments after the long interdialytic interval and who did not
require rescue therapy, at a two-sided significance level of 5%.

Statistical Test or Model

Study ZS-003

An exponential model was used to analyze the primary efficacy outcome (i.e., the
exponential rate of potassium change). For the acute phase, the model controlled for age,
baseline eGFR, CKD, congestive heartdisease, DM, and RAASi medication. Forthe
maintenance phase, the model controlled for age, baseline serum potassium in the acute
phase, eGFR inthe acute- and maintenance-phase baselines, CKD, congestive heart
disease, DM, and RAASI medication. Type | error was controlled at the 0.05 level by a pre-
specified closed testing procedure thatwas sequentially applied. In the closed testing order,
the highestacute-phase dose was tested first, then the highestmaintenance-phase dose,
followed by the next-highestacute-phase dose and then the next-highestmaintenance-
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phase dose, inthe same pattern until the lowest dose was reached. The relevantdosages
for this review were included in the following testing order: acute: 10 g three times daily
versus placebo; maintenance: 10 g once daily versus placebo;acute: 5 g three times daily
versus placebo;and maintenance: 5 g once daily versus placebo.

A logistic regression model was used to analyze the proportion of patients who achieved
normokalemia after 48 hours. The model controlled for baseline serum potassium

(5.5 mmol/L,5.6 mmol/Lto 6.0 mmol/L,and > 6.0 mmol/L), CKD, congestive heart
disease, DM, and RAASI medication. Kaplan—Meier analysis, log-rank test,and proportional
hazard models were applied to evaluate time to initial normalization of serum potassium,
maintenance of normokalemia, time to serum potassium decrease of greater than or equal
to 0.5 mmol/L,time to serum potassium increase of 0.5 mmol/L, and time to relapse (return
to original serum potassium baseline); forthe maintenance phase, these models adjusted
for baseline serum potassium, CKD, congestive heartdisease, DM, and RAASi medication.

Study ZS-004

For the maintenance-phase primary outcome of LSM potassium, the statistical model
included the patientas a random effect, and fixed effects for treatmentgroup, age, eGFR at
acute-phase baseline, serum potassium atacute- and maintenance-phase baselines, CKD,
heart failure, DM, and RAASi medication. The number of normokalemic days was evaluated
using a linearregression model with the same covariates. For other efficacy outcomesin
the maintenance phase, the proportion of normokalemic patients at the maintenance-phase
day 29 exit was based on a logistic regression model that contained the same covariates.
The change in serum potassium from baseline to maintenance-phase follow-up was
obtained from a mixed-effects regression model with the same covariates.

The exponential rate of change in serum potassium in the acute phase was obtained from a
mixed-effects model of log-transformed serial potassium values ontime, age, baseline
eGFR, CKD, heartfailure, diabetes,and RAASiI medication.

Type | errorwas maintained at5% by using a pre-specified sequential closed testing order.
Each test was assessed at 5% type | error rate, with the firstlack of statistical significance
resulting in a stop to any further testing. The order of statistical testing was: (1) acute:
baseline to 48 hours; (2 to 4) days 8 to 29: mean serum potassium 15 g versus placebo,
followed by 10 g versus placebo, followed by 5 g versus placebo; (5to 7) days 8 to 29: days
normokalemic on 15 g versus placebo, followed by 10 g versus placebo, followed by 5 g
versus placebo; (8to 10) day 29 exit: proportion of patients normokalemic on 15 g versus
placebo, followed by 10 g versus placebo, followed by 5 g versus placebo.

Study ZS-D9480

The primary outcome was analyzed using a longitudinal mixed-effects model, with the LSM
of all available log-transformed serum potassium in maintenance-phase days 8 to 29 as the
end point, and adjusted for covariates (i.e., treatmentgroup, treatmentby visit interaction,
acute-phase baseline serum potassium, maintenance phase serum potassium, acute -
phase baseline eGFR, age category [< 55 years, 55 yearsto 64 years, and = 65 years],
country, baseline RAASI use, CKD, heart failure,and DM). Time to normalization of serum
potassium was evaluated with Kaplan—Meier analysis, with all available potassium values
used during the maintenance phase. If patients did not achieve normalization, or if they
discontinued due to high potassium levels (> 6.2 mmol/L atthe 90-minute post-dose day 2
blood draw), they were censored at the last measurementor at 48 hours, respectively.
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As in Study ZS-004, type | error was maintained at 5% using a sequential closed testing
order. Eachtest was performed at a two-sided 5% significance level; if statistical
significance was notreached, further testing was stopped. The order of statistical testing
was: (1) acute: mean change from baseline in serum potassium from baseline to 48 hours;
(2 to 3) days 8 to 29: mean serum potassium 10 g versus placebo, followed by 5 g versus
placebo; (4 to 5) day 29 exit: proportion of patients who remained normokalemic 10 g
versus placebo, followed by 5 g versus placebo;(6to 7) days 8 to 29: number of days
remaining normokalemic on 10 g versus placebo, followed by 5 g versus placebo; (8 to 9)
maintenance:time to hyperkalemia at 10 g versus placebo, followed by 5 g versus placebo.

Study Z2S-D9482

The exponential rate of change in serum potassium to 24 hours or 48 hours was analyzed
with a random-slope, mixed-effects model. Type | errorwas maintained at5% with
sequential, hierarchical testing. Each test was conducted at a 5%, two-sided significance
level. The testing proceeded in the following order: serum potassium exponential rate of
change through 48 hours, 10 g versus placebo, 5 g versus placebo. Logistic regression
models, with baseline serum potassium as a covariate, were used for dichotomous
outcomes. Time to normokalemia was evaluated with Kaplan—Meier and log-rank analysis.

DIALIZE

The primary outcome was analyzed with a two-sided Fisher's exact test at a 5%
significance level.

Data Imputation Methods

Study ZS-003: Missing serum potassium data were replaced with plasma data by adjusting
forthe average paired difference between serum and plasma values collected atthe same
visit. No other data were imputed.

Study ZS-004: Serum potassium data missing from the central laboratory were replaced
with i-STAT measurements by adjusting for the average paired difference between central
laboratory and i-STAT values collected at the same visit. If both central laboratory and
i-STAT potassium values were missing, then the end-of-study value was imputed if it was
within one day of the last dose. No other data were imputed.

Study ZS-D9480: Missing serum potassium values from the central laboratory were
replaced with i-STAT values, with adjustmentforthe average paired difference between
central laboratory and i-STAT collected at the same visit and with the same calibration
method for the potassium assay. If both central laboratory and i-STAT values were missing
forthe last visit on treatment, then the end-of-study value was imputed if it was within one
day of a target study day and the last dose. No other data were imputed.

Study ZS-D9482: Missing serum potassium values from the central laboratory were
replaced with i-STAT values, with adjustmentfor the average paired difference. If both
central laboratory and i-STAT values were missing, the data pointwas leftmissing. For
logistic regression models, patients with missing serum potassium were assumed to be
non-responders.

DIALIZE: Patients who had more than one missing serum potassium measurementwere
classified as non-responders.”
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Sensitivity Analyses

Study ZS-004: Two sensitivity analyses were conducted for the primary outcome of LSM of
serum potassium during the maintenance phase. The model was repeated by adding in
patients who discontinued the study drug before obtaining a serum potassium value at day
8 of the maintenance phase. First, data for these patients were imputed using an
expectation-maximization algorithm thatused available potassium values from patientsin
the same treatmentgroup. Second, the model was run again with the following
modifications: rescaling each patient’'s maintenance-phase day 8 to day 29 serum
potassium values by subtracting the maintenance-phase baseline and dropping the
maintenance-phase baseline factor from the model.

Study ZS-D9480: Sensitivity analyses were performed to test the impacts of a change in
calibration method of the serum potassium assay at the central laboratory on the primary
outcome and the secondary outcome of the proportion of patients who remained
normokalemic. The same longitudinal mixed-effects model thatwas used in the primary
analysiswas used in sensitivity analyses.

Study ZS-D9482: Three sensitivity analyses were performed on the primary outcome to
accountfor an assay change in the central laboratory, using i-STAT potassium values
rather than central laboratory values, and using a differentsetof covariates. For key
secondary outcomes, the same logistic regression models were applied to serum
potassium valuesthatwere adjusted forthe assay change andto i-STAT potassium values.

DIALIZE: A sensitivity analysis was conducted to impute i-STAT potassium valuesfor
missing central laboratory values. The i-STAT values were adjusted for the mean paired
difference between central laboratory and i-STAT measurements taken at the sametime. If
both central laboratory and i-STAT values were missing, serum potassium values were
imputed with the last observation available (i.e.,last observation carried forward).

Subgroup Analyses

Subgroup data were available for the baseline serum potassium category (e.g.,< 5.5
mmol/L,5.6 mmol/L to 6.0 mmol/L,and > 6.0 mmol/L), baseline eGFR category

(<15 mL/min/1.73m2 15 mL/min/1.73m?to < 30 mL/min/1.73m2 30 mL/min/1.73m2 to < 60
mL/min/1.73m2 and 2 60 mL/min/1.73m?), CKD, congestive heart disease, and RAASI
medication. In Study ZS-D9480, an interaction term for treatmentby subgroup (i.e., CKD,
heart failure, RAASI use) was included in statistical models.

Analysis Populations

Study ZS-003: The primary population for efficacy outcomes were patients who were
randomized, received atleastone dose of study drug, and had serum potassium
determined 48 hours after treatment for the acute phase or during the maintenance phase.
The study termed this anintention-to-treat (ITT) population or a full-analysis set (FAS).
Harms were assessed in the safety set, which included all patients who were randomized
and received any study drug. For efficacy outcomes, patients were analyzed based on the
group into which they were randomized; for harms, patients were analyzed based on
treatmentreceived.

Study ZS-004: The primary population for efficacy outcomes was termed by the sponsor as
the ITT populationinthe maintenance phase. Thisincluded all randomized patients who
received at least one dose of maintenance drug and had atleast one serum potassium
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measurementon or after day 8. The safety set forthe acute and maintenance phases
included all patients who received at least one dose of study drug during each phase. For
efficacy outcomes, patients were analyzed based on the group into which they were
randomized;for harms, patients were analyzed based on treatmentreceived.

Study ZS-D9480: Efficacy outcomes in the maintenance phase were analyzedinthe ITT
population, whichincluded all patientsrandomized, and was based on randomized
treatmentassignment. Harms in the maintenance phase were analyzed in the safety set,
whichincluded all patients who were randomized and received atleastone dose of study
drug, and was based on actual treatmentreceived. In the acute phase, all patientswho
entered the study and received at leastone dose of study drug were analyzed.

Study ZS-D9482: Efficacy outcomes were analyzed in the FAS, which included all patients
randomized. Harms were assessed in the safety set, which included all patients who took at
least one dose of study drug. Efficacy results were based on randomized treatment
assignment, whereas harms were based on treatmentactually received.

DIALIZE: Efficacy outcomeswere analyzed in the FAS, which included all randomized
patients, whether or not they received the study drug. Harms were assessed in the safety
set, which included all randomized patients who received atleast one dose of the study
drug.

Results

Patient Disposition

The patientdisposition in studies with an acute phase (i.e., studies ZS-003, ZS-004, ZS-
D9480,and ZS-D9482)is provided in Table 13. In Study ZS-003, 301 patients were
randomized to placebo or SZC 10 g three times daily fortwo days. One patientin the
placebo group discontinued due to hyperkalemia (serum potassium 6.2 mmol/L t0 6.8
mmol/L). Three patients in the active treatmentgroup discontinued the study due to an AE,
lack of adeherence, and lossto follow-up.In Study ZS-004, 258 patients entered the open-
label acute phase. Seven patients discontinued the study due to withdrawal of consent(n =
5) or hypokalemia or hyperkalemia (n = 2). In Study ZS-D9480, 267 patients entered the
open-label acute phase and seven discontinued due to withdrawal of consent(n = 3) or
other reason (n = 4). In Study ZS-D9482, 69 patients were randomized to placebo or SZC
10 g three times daily for two days. Two patientsin the placebo group discontinued the
study due to hyperkalemia. No patientsin the active treatmentgroup discontinued the acute
phase.
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Table 13: Patient Disposition in Acute Phase

d 0]0) d 004 d 0 D948
D9480
Placebo SZC10g SZC10g SZC10g Placebo SZC10g
Screened, N 425 472 151b
Randomized, N (%) 754 (52.6)2 NA NA 103 (68.2)¢
158 143 33 36
Entered, N (%) NA NA 258 (60.7) 267 (56.6) NA NA
Treated, N (%) 158 (100) 143(100) 258 (100) 267 (100) 33 (100) 36 (100)
Completed, N (%) 157 (99.4) 140(97.9) 251 (97.3) 260(97.4) 31(93.9) 36 (100)
Discontinued treatment, NR NR NR 7 (2.6) 2(6.1) 0(0)
N (%)
Discontinued study, N 1(0.6) 3(2.1) 7(2.7) 7(2.6) 2(6.1) 0(0)
(%)
Eligible for NR NR 240(93.0) 249 (95.8) NA NA
maintenance phase, N
(%)
FAS/ITT, N 158 143 258 267 33 36
Safety, N 158 143 258 267 33 36

FAS = full-analysis set; ITT = intention-to-treat; NA = not applicable; NR = not reported; SZC = sodium zirconium cyclosilicate.

2Includes patients randomized to 1.25 g, 2.5g, and 5 g.

> Number of patients who enrolled (i.e., provided informed consent).

°Includes patients randomized to5 g.

Sources: Clinical Study Report for Study ZS-003;% Clinical Study Report for Study ZS-004;* Clinical Study Report for Study ZS-D9480;% Clinical Study Report for Study

25-D9482.%

Table 14 shows the patient disposition forthe maintenance phase (studies ZS-003, ZS-004,
ZS-D9480, and DIALIZE). In Study ZS-003, of 138 patientswho received 5 g in the acute
phase and entered the maintenance phase, 133 (96.4%) were randomized to placebo or 5

g once dailyfor 12 days. Of 127 patientswho received 10 g in the acute phase and entered
the maintenance phase, 124 (97.6%) were randomized to placebo or 10 g once daily for 12
days. Five patientsin the placebo groups of Study ZS-003 discontinued the study due to AE
(n = 2), withdrawal of consent (n = 2), or hypokalemia or hyperkalemia (n =1). Six patients
randomizedto 5 g discontinued the study due to AE (n = 4), protocol violation (n = 1), or
death (n = 1). Two patientsin the 10 g group discontinued due to AE (n = 1) or withdrawal
of consent (n = 1). One patientrandomizedto 5 g died after receiving one dose of drug in
the maintenance phase and was excluded from the ITT population.

In Study ZS-004, 181 patients were randomized to placebo, 5 g, or 10 g once daily for 28
days. Ten patientsin the placebo group discontinued the study due to withdrawal of
consent(n = 2), patientcompliance (n = 1), decision by sponsor (n = 2), hypokalemia or
hyperkalemia (n =3), or other reason (n = 2). In the 5 g group, five patients discontinued
dueto AE (n = 3), meeting electrocardiogram (ECG) withdrawal criteria (n = 1), or other
reason (n=1); in the 10 g group, seven patients discontinued due to sponsor decision

(n =2), hypokalemia or hyperkalemia (n = 3), or other reason (n = 2).
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In Study ZS-D9480, 248 patients entered the maintenance phase, and all were randomized
to placebo,5 g, or 10 g once daily for 28 days. Seven patientsin the placebo group
discontinued treatmentdue to AE (n = 3), hyperkalemia (n = 2), or other reason (n = 2);
nine patientsin the placebo group were withdrawn from the study. In the 5 g group, 14
patients discontinued treatmentdue to AE (n = 6), hyperkalemia (n = 3), withdrawal by
patient(n = 3), protocol violation (n = 1), or other reason (n = 1); 14 patients inthe 5 g
group were withdrawn from the study. In the 10 g group, 12 patients discontinued treatment
dueto AE (n = 7), hyperkalemia (n = 1), hypokalemia (n = 2), withdrawal by patient(n = 1),
or other reason (n = 1); 11 patients inthe 10 g group were withdrawn from the study.

In DIALIZE, 196 patients were randomized to placebo or SZC. Four patientsin the placebo
group discontinued treatmentdue to AE (n = 2), protocol violation (n = 1), or otherreason (n
= 1); three patients in the placebo group were withdrawn from the study. More patients (n =
8) in the active treatmentgroup discontinued treatmentdue to AE (n = 3), patientdecision
(n =3), protocol violation (n = 1), or other reason (n = 1); five patients were withdrawn from
the study due to withdrawal by patient (n = 2), death (n = 1), or other reason (n = 2).
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Study ZS-003 | Study ZS-004 Study ZS-D9480 | DIALIZE
Acute phase SZC5g SZC10g SZC10g SZC10g NA
Maintenance phase PBO SZC5¢g PBO SzC PBO SzC SzC PBO SZC5¢g SzZC PBO SzC
109 59 109 109 5gto
159
Screened, N NA NA NA NA 443
Entered, N 138 127 237 248 NA
Randomized, N (%) 133(96.4) 124 (97.6) 237 (100)2 248(100) 196 (44.2)
68 65 61 63 85 45 51 50 99 99 99 97
Treated, N (%) 68 (100) | 65 (100) | 61 (100) 63 85 (100) | 45 (100) 51 50 (100) | 99 (100) | 99 (100) | 99 (100) 96
(100) (100) (99.0)
Completed, N (%) 66 59 (90.8) 58 61 (96.8) 75 40 (88.9) 44 43 85 87 95 88
(97.1) (95.1) (88.2) (86.3) (86.0) (85.9) (87.9) (96.0) (90.7)
Discontinued treatment, N (%) NR NR NR NR NR NR NR 7 (14.0) 14 12 4 (4.0) 8 (8.2)
(14.1) (12.1)
Discontinued study, 2(2.9) 6 (9.2) 3(4.9) 2(3.2) 10 5(11.1) | 7(13.7) | 9(18.0) 14 11 3(3.0) 5(5.2)
N (%) (11.8) (14.1) (11.1)
FAS/ITT, N 68 64 61 63 82 45 50 50 99 99 99 97
Safety, N 68 65 61 63 85 45 51 50 99 99 99 96

FAS = full-analysis set; ITT = intention-to-treat; NA = not applicable; NR = not reported; PBO = placebo; SZC = sodium zirconium cyclosilicate.

#Includes patients randomized to 15 g.

Source: Clinical Study Report for Study ZS-003;% Clinical Study Report for Study ZS-004;% Clinical Study Report for Study ZS-D9480;% Fishbane et al. (2019).%
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Exposure to Study Treatments
Acute Phase

In Study ZS-003, most patients received all three doses on day 1 (100% placebo and 98.6%
SZC 10 g) and day 2 (98.7% placebo and 96.5% 10 g). In Study ZS-004, of the 258 patients
in the acute phase, 96.9% received all three doses of the study drug on days 1 and 2. In
Study ZS-D9480, all patients received the study drug for at least one day, and 261 (97.8%)
received it fortwo days. In Study ZS-D9482,the mean duration of exposure was similar
between the placebo and 10 g groups (mean duration: 1.9 and 2.0 days respectively; mean
number of dosesreceived: 5.6 and 6.0, respectively).

Maintenance Phase

In the 12-day maintenance phase of Study ZS-003, the mean number of doses received by
the placebo,5 g, and 10 g groupswere 11.5t0 11.8. In Study ZS-004, the mean number of
dosesreceivedin the 28-day maintenance phase was slightly higherinthe placebo group
(26.3 doses)and 5 g group (27.1 doses) compared with the 10 g group (24.5 doses). The
difference was due to more patients inthe 10 g group reducing their dosage from once daily
to once every other day. In Study ZS-D9480,the mean duration of exposure in the placebo,
5 g, and 10 g groups was similarat 26.2 days, 26.0 days, and 26.4 days, respectively.
Fourteen patients had a dose reduction from once daily to once every other day (four
patientsin the 5 g group and 10 patients in the 10 g group).In DIALIZE, compliance with
treatmentwas similar between the placebo and SZC groups (98.4% and 98.9%,
respectively). After completion of the dose titration period in DIALIZE, 37% of patients were
stabilized on SZC 5 g once daily,43% on 10 g once daily, and 19% on 15 g once daily. In
the analyses, all doses were analyzed as one group.

Efficacy

Only those efficacy outcomes and analyses of subgroups identified in the review protocol
are reported as follows. See Appendix 3 for other detailed efficacy data.

Survival and Mortality

Survival was not assessed as an efficacy outcome in any of the studies. Mortality data are
providedinthe Harms section.

Hospitalization

Study ZS-004 was the only study that provided data on hospitalization and emergency room
visits (Table 15). There were numerically more hospitalizationsin the 5 g group (four
patients) than in the placebo group (one patient) and the 10 g group (one patient). One
patientin the placebo group and onein the 5 g group had an emergency room visit. An
additional patientinthe 10 g group was hospitalized due to an SAE during the maintenance
phase, but was notincluded in the health care utilization data.
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Table 15: Health Care Utilization in Maintenance Phase of Study ZS-004

| Study ZS-004

Maintenance phase Placebo SzC
(N =85) 59 (N = 45) 10g (N = 51)
Hospitalizations
Number of visits 1 4 1
Patients with visits, n (%) 1(1.2) 4 (8.9) 1(2.0)
Emergency room visits
Number of visits 1 1 0
Patients with visits, n (%) 1(1.2) 1(2.2) 0 (0)

SZC = sodium zirconium cyclosilicate.

Source: Clinical Study Report for Study ZS-004.%

Quiality of Life

Table 16 provides EQ-5D-5L data at baseline and day 29 in the placebo,5g, and 10 g
groups of Study ZS-D9480, the only one that assessed quality of life.

Table 16: Health-Related Quality of Life (EQ-5D-5L) in Maintenance Phase of Study ZS-D9480

| Study ZS-D9480

Maintenance phase Placebo SzC
(N=50) 59 (N = 99) 10 g (N = 99)

Baseline? Day 29 Baseline? Day 29 Baseline? Day 29
Anxiety/depression, N (%)
Not anxious or depressed 33 (66.0) 27 (54.0) 60 (60.6) 61 (61.6) 67 (67.7) 69 (69.7)
Slightly 9 (18.0) 14 (28.0) 22 (22.2) 15 (15.2) 19 (19.2) 18 (18.2)
Moderately 1(2.0) 0 (0) 6 (6.1) 8(8.1) 2 (2.0) 0 (0)
Severely 0 (0) 0 (0) 2(2.0) 2(2.0) 0 (0) 1(1.0)
Extremely 0 (0) 0(0) 1(1.0) 0 (0) 0 (0) 0(0)
Mobility
No problemsin walking about 26 (52.0) 31 (62.0) 55 (55.6) 57 (57.6) 50 (50.5) 59 (59.6)
Slightproblems 9 (18.0) 6 (12.0) 26 (26.3) 19 (19.2) 23(23.2) 21 (21.2)
Moderate problems 6 (12.0) 2(4.0 8 (8.1) 7(7.1) 11 (11.1) 6 (6.1)
Severe problems 2(4.0) 2(4.0) 2(2.0) 3(3.0) 4 (4.0) 2(2.0)
Unable to walk about 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0(0)
Pain/discomfort
No pain or discomfort 24 (48.0) 27 (54.0) 52 (52.5) 54 (54.5) 45 (45.5) 45 (45.5)
Slight 14 (28.0) 11 (22.0) 28 (28.3) 24 (24.2) 32(32.3) 35(35.4)
Moderate 4(8.0) 3(6.0) 9(9.1) 8(8.1) 9(9.1) 6 (6.1)
Severe 1(2.0) 0(0) 2(2.0) 0(0) 2(2.0) 2(2.0)
Extreme 0 (0) 0(0) 0 (0) 0 (0) 0 (0) 0 (0)
Self-care
No problemswashing or dressing 35 (70.0) 37 (74.0) 78 (78.8) 71 (71.7) 74 (74.7) 75 (75.8)
Slight problems 5(10.0) 2(4.0) 6(6.1) 7(7.2) 8(8.1) 9(9.1)
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| Study zS-D9480

Moderate problems 3(6.0) 2(4.0) 6 (6.1) 6 (6.1) 4 (4.0) 3(3.0)
Severe problems 0 (0) 0 (0) 1(1.0) 2(2.0) 2(2.0) 1(1.0)
Unable to wash or dress 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Usual activities
No problems 34 (68.0) 31 (62.0) 62 (62.6) 63 (63.6) 58 (58.6) 63 (63.6)
Slightproblems 3(6.0) 8 (16.0) 18 (18.2) 11(11.2) 22 (22.2) 18 (18.2)
Moderate problems 6 (12.0) 2(4.0) 8(8.1) 7(7.1) 7(7.1) 6 (6.1)
Severe problems 0 (0) 0 (0) 3 (3.0 5(5.1) 1(1.0) 1(1.0)
Unable to do usual activities 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
VAS
N | 43 41 91 86 88 88
Mean (SD) | 72.7 (17.3) | 76.6 (14.1) | 75.0 (16.4) 77.6 (16.5) 74.3 (17.4) 76.9 (16.1)

SD = standard deviation; SZC = sodium zirconium cyclosilicate; VAS = visual analogue scale.

2Baseline is the start of the open-label acute phase.

Source: Clinical Study Report for Study ZS-D9480.%

Arrhythmia and Major Adverse Cardiovascular Events

Cardiovascular outcomes, including arrhythmias, were notassessed for efficacy in the
studies. Cardiovascular events are presented in the Harms section.

Kidney Disease and Major Adverse Kidney Events

Renal outcomeswere notassessed for efficacy in the studies. Renal events are presented
in the Harms section.

Continuation or Need for Discontinuation of Renin-Angiotensin-Aldosterone
System Inhibitor or Mineralocorticoid Receptor Antagonist Treatment at
Regular Doses

Studies ZS-003, ZS-004, ZS-D9480, and ZS-D9482 were not designed to evaluate the effect
of SZC on RAASI or mineralocorticoid receptor antagonisttherapies, and there were no
protocol-defined specifications of what constituted changes in these therapies.® The
sponsor provided some data on changesto RAASI therapies during the acute and
maintenance phases as posthoc analyses (Table 17 and Table 18, respectively).In Study
ZS-003, among patients who did not continue with treatmentafter 48 hours, more patients in
the placebo group were receiving a RAASI at the end of the acute phase than patients on
SZC 10 g (24.7% versus 9.1%) (Table 17). There was no discontinuation or initiation of
RAAS:I at the end of the acute phase of Study ZS-003. Similarly, in Study ZS-D9482, slightly
more patientsin the placebo group were receiving a RAASI at the end of the acute phase
than were receiving SZC (84.9% versus 72.2%). Among those patients on RAASI, there
were no changesto therapy in the placebo group; one patient discontinued and initiated
RAASI (dose changeswere classified as discontinuation followed by re-initiation) in the SZC

group.

At the end of the maintenance phase of Study ZS-003, the percentage of patients receiving
RAASI was 66.7% in the placebo group,57.8% inthe SZC 5 g group,and 68.3% inthe SZC
10 g group (Table 18). Among those patients on RAASI, there were no changesinthe SZC
groups, but four patients inthe placebo group had changes. In Study ZS-004, a similar

CADTH COMMON DRUG REVIEW Clinical Review Report for Sodium Zirconium Cyclosilicate (Lokelma) 56



CADTH

percentage of patients were on RAASI therapy at the end of the maintenance phase (70.7%
in the placebo group, 68.9% in the 5 g group, and 70.0% in the 10 g group). There were no
changesto RAASI therapyin the 10 g group. Two patientsin the 5 g group and two in the
placebo group discontinued RAASI. At the end of the maintenance phase of Study ZS-
D9480, RAASI therapy was similaramong groups (82% in the placebo group, 76.8%in the 5
g group, and 78.8% in the 10 g group). There were three patients with changesto RAASI
therapy in the 10 g group, one with a change in the 5 g group (plus one initiation of therapy)
and one inthe placebo group.

Table 17: Changes to RAASI Therapy at Acute-Phase End in Patients Not Continuing to
Maintenance Phase

a 00 o D948
Placebo SZC10g Placebo SZC10g
(N =158) (N =143) (N =33) (N =36)
Patients not continuing to 62 (39.2) 19 (13.3) NA NA
maintenance phase,
n (%)
Receiving RAASI at end of acute 39 (24.7) 13(9.1) 28 (84.9) 26 (72.2)
phase, n (%)2
No change in RAASI, n (%) 39 (24.7) 13(9.1) 28 (84.9) 25 (69.4)
Any change in RAASI, n (%)° 0 (0) 0 (0) 1(3.0) 1(2.8)
Discontinuation of RAASI, n (%) 0 (0) 0 (0) 0 (0) 1(2.8)
Initiation of RAASI, n (%) 0 (0) 0 (0) 1(3.0) 1(2.8)

NA = not applicable; RAASI = renin-angiotensin-aldosterone system inhibitor; SZC = sodium zirconium cyclosilicate.

2End of acute phase is the date of the last dose of treatment received in the acute phase.

Only includes patients who were receiving RAASi at end of the acute phase.

¢ All patients included, whether receiving RAASI or not at end of acute phase. A change in dose was considered as both a discontinuation and a restarting of therapy.

Source: Sponsor response to information request.®
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Table 18: Changes to RAASI Therapy at Maintanance-Phase End

Study ZS-003

Study ZS-004

Study ZS-D9480

Placebo SzZC SzC Placebo SzC SzC Placebo SzC SzC
(N = 59 10 g (N =82) 59 10g (N =50) 59 10 g
216)2 (N= (N=63) (N= (N =50) (N= (N=
64) 45) 99) 99)
Receiving RAASI at end of 144 37 43 58 31 35 41 76 78
maintenance phase, n (%) (66.7) (57.8) (68.3) (70.7) (68.9) (70.0) (82.0) (76.8) (78.8)
No change in RAASI, n (%)® | 140 37 43 56 29 35 40 75 75
(64.8) (57.8) (68.3) (68.3) (64.4) (70.0) (80.0) (75.8) (75.8)
Any change in RAASI, n (%)°¢ | 4 (1.9) 0(0) 0(0) 2(2.4) 244 0(0) 1(2.0) 1(1.0) 3(3.0)
Discontinuation of RAASI, n | 4 (1.9) 0 (0) 0 (0) 224 2(4.4) 0 (0) 1(2.0) 0 (0) 3(3.0)
(%)
Initiation of RAASI, n (%) | 2 (0.9) 0(0) 0 (0) 0(0) 0 (0) 0 (0) 1(2.0) 1(1.0) 2 (2.0)

RAASI = renin-angiotensin-aldosterone system inhibitor; SZC = sodium zirconium cyclosilicate.

#Includes patients in the placebo of lower-dose groups (i.e., 1.25 g and 2.5 g).

b Only includes patients who were receiving RAASi at end of the maintenance phase.

¢ All patients included, whether receiving RAASI or not at end of maintenance phase. A change in dose was considered as both a discontinuation and a

restarting of therapy.

Source: Sponsor response to information request.®

Outcomes Related to Potassium Level

Acute Phase
Study ZS-003

Figure 6 shows mean serum potassium levels over the acute phase of Study ZS-003. All
dosage groups are displayed along with placebo groups; however, for this review, only the
placebo and 10 g thrice-daily dose will be evaluated. Both groups experienced a declinein
potassium from baseline. The decline inthe 10 g group (line closestto the x-axis) was larger
than inthe placebo group (line furthestfrom x-axis).

For serum potassium, compared with the placebo group, the 10 g dose group had a
statistically significantly higher exponential rate of change in the negative direction (slope at
48 hours:-0.003 versus —0.001, respectively) (Table 19). All other outcomesin Table 19
were outside of the sequential closed testing procedure; therefore, conclusions about
statistical significance cannotbe made. The mean change (SD) in serum potassium from
baseline to 48 hourswas —0.73 mmol/L forthe 10 g group and —0.25 mmol/L for the placebo

group.

A difference in mean change from baseline in potassium betweenthe 10 g dose and
placebo was observed one hour after the first dose of the study drug. The mediantime to
serum potassium decrease of 0.5 mmol/L was 22.8 hoursfor 10 g and 24.8 hours for
placebo. The time to serum potassium normalization (3.5 mmoal/L to 5.0 mmol/L) was shorter
for 10 g compared with placebo (1.1 hours versus 4.0 hours), and the proportion of patients
who achieved normokalemia at48 hourswas higherinthe 10 g group (86.4% versus

47 .8%).

CADTH COMMON DRUG REVIEW Clinical Review Report for Sodium Zirconium Cyclosilicate (Lokelma) 58



CADTH

Subgroups were not part of the sequential testing procedure; therefore, the following results
are descriptive only. Figure 13 in Appendix 3 shows the mean change in serum potassium
from baseline to day 3 (48 hours) for 10 g three times daily versus placebo in subgroups
based on eGFR, baseline serum potassium, RAASi medication use, congestive heartfailure,
and CKD. For all subgroups, the mean change was consistently lower for patients who
received 10 g versus placebo. The largestdifference was observed for patients with an
eGFR of lessthan 15 mL/min/1.73m?(—0.86 mmol/L lower mean change with 10 g versus
placebo). Table 43 in Appendix 3 shows the proportion of patients by subgroup who
achieved normokalemia atthe end of the acute phase. In all subgroups, more patients who
received 10 g achieved normokalemia compared with patients who received placebo.

Figure 6: Mean Serum Potassium (= 2 Standard Error) in Acute Phase of Study ZS-003
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Source: Extracted from Clinical Study Report for ZS-003.%

Table 19: Serum Potassium Outcomes in Acute Phase of Study ZS-003

| Study ZS-003

Placebo SZC10g
(N = 158) (N =143)
Exponential rate of S-K change
N 158 143
24 hours, estimate —0.00126 —0.00365
P value? — <0.0001
48 hours, estimate —0.00094 —-0.00297
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Study ZS-003

P value — 103t
Change from baseline S-K2
Day 2 (24 hours)
N 158 140
Mean change (SD), mmol/L -0.18(0.36) —-0.52(0.36)
P value — <0.001
Day 3 (48 hours)
N 157 140
Mean change (SD), mmol/L -0.25(0.41) —0.73(0.50)
P value — <0.001
Time to S-K decrease of 0.5 mmol/L?
N 158 143
Median, hours 24.8 22.8
P value — <0.0001
Time to S-K normalization
(3.5 mmol/L to 5.0 mmol/L)?
N 158 143
Median, hours 4.0 1.1
P value — 0.0034
Percentage who achieved normokalemia
(S-K 3.5 mmol/Lto 5.0 mmol/L)?
Day 2 (24 hours)
N 158 140
n (%) 78 (49.4) 108(77.1)
P value — <0.001
Day 3 (48 hours)
N 157 140
n (%) 75 (47.8) 121(86.4)
P value — <0.001

SD = standard deviation; S-K = serum potassium; SZC = sodium zirconium cyclosilicate.
20utcome was not part of the sequential closed statistical testing procedure.

Source: Clinical Study Report for Study ZS-003.%

Study ZS-D9482

Figure 7 displays mean serum potassium over 48 hours of treatmentin Study ZS-D9482.

The graph showsthe placebo,5 g, and 10 g doses; however, for this review, the 5 g dose is
not evaluated. The decline inthe 10 g group (line closestto the x-axis) was largerthan in the
placebo group (line furthestfrom the x-axis).

The exponential rate of change in serum potassium over 48 hours was statistically
significantly higher, in the negative direction, in the 10 g group compared with the placebo
group (slope:—0.005 versus —0.0001) (Table 20). Sensitivity analyses of the exponential rate
of change using i-STAT potassium valuesratherthan central laboratory analyses (adjusted
forthe assay change in the central laboratory) or using a differentset of covariates produced
estimates that aligned with the primary analysis (data not shown). All other outcomes were
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outside of the sequential closed testing procedure ; therefore, conclusions about statistical
significance cannotbe made. At 48 hours, the mean change (SD) in serum potassium from
baseline was—1.3 (0.5) mmol/L for the 10 g group and —0.24 (0.34) mmol/L for the placebo
group. More patients achieved normokalemia inthe 10 g group at 48 hours (91.7% versus
15.2%). Sensitivity analysis that used i-STAT potassium rather than central laboratory —
and that adjusted for the change in assay — produced similar findings for the proportion of
patients who achieved normokalemia (94.4% versus 24.2% using i-STAT potassium; 94.4%
versus 18.2% adjusting for assay change). The median time to normalization was 1.8 hours
for patients who received 10 g; it was 3.9 hoursfor those who received placebo. The median
time to potassium decrease of 0.5 mmol/L ormore was 2.9 hoursfor10 g and 4.1 hours for
placebo.

Subgroups were not part of the sequential testing procedure; therefore, the following results
are descriptive only. Table 44 in Appendix 3 provides the exponential rate of change in
serum potassium for patients with CKD, heart failure, or using RAASI medication. In all three
subgroups, the exponential rate of change was higherin patients receiving 10 g compared
with those receiving placebo. Table 45 in Appendix 3 shows the proportion of patients who
achieved normokalemia at48 hours among subgroups defined by baseline serum
potassium, CKD, heart failure, use of RAASI, and eGFR. Although the sample sizesin these
subgroupswere small, in all cases the proportion of patients who achieved normokalemia
was consistently higherinthe 10 g group compared with placebo. In patients with eGFR of
less than 15 mL/min/1.73m? normokalemia was achieved by 27.3% on placebo (N = 11)
versus 100% on SZC (N = 9); for eGFR of 15 mL/min/1.73m?to less than 10
mL/min/1.73m?2 normokalemia was achieved by 9.1% versus 92.3%; and for eGFR of 30
mL/min/1.73m?2to less than 60 mL/min/1.73m? normokalemia was achieved by 9.1% versus
81.8%.
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Figure 7: Mean Serum Potassium (x Standard Deviation) in Study ZS-D9482
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Table 20: Serum Potassium Outcomes in Study ZS-D9482

Study ZS-D9482

Placebo (N = 33) SZC10g
(N =36)
Exponential rate of S-K change
N (%) 33 (100) 36 (100)
24 hours, estimate (SE)? —0.00002 (0.00049) —0.00403 (0.00046)
P valueP — <0.0001
48 hours, estimate (SE)? —0.00012 (0.00029) —0.00508 (0.00027)
P value — <0.0001
Change from baseline S-KP
N (%) 33 (100) 36 (100)
Baseline, mean S-K (SD), mmol/L 5.7 (0.4) 5.5 (NR)
24 hours, mean S-K (SD), mmol/L 5.38 (0.47)¢ 4.8 (0.3)
48 hours, mean S-K (SD), mmol/L 5.36 (0.38)°¢ 4.2 (0.5)
Day 9 (EOS), mean S-K(SD), mmol/L 5.45 (0.44) 4.8 (0.4)
24 hours, mean change (SD), mmol/L -0.22(0.35) -0.7 (0.4)
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Study ZS-D9482

48 hours, mean change (SD), mmol/L -0.24(0.34) -1.3(0.5)
Day 9 (EOS), mean change (SD), mmol/L —-0.20(0.59) -0.7 (0.5)
Percentage who achieved normokalemia
(S-K 3.5 mmol/L to 5.0 mmol/L)®
N 33 36
24 hours, n (%) 9 (27.3) 30 (83.3)
P valued — <0.0001
48 hours, n (%) 5(15.2) 33 (91.7)
P valued — <0.0001
Day 9 (EOS), n (%) 9(27.3) 22 (61.1)
Time to S-K normalization®e
N (%) 33 (100) 36 (100)
Median, hours 3.9 1.8
P value (log-rank, cumulative distribution) — 0.0006
Time to S-K decrease of 2 0.5 mmol/L°
N (%) 33 (100) 36 (100)
Median, hours 4.1 29
P value (log-rank, cumulative distribution) — 0.0064

EOS = end of study; NR = not reported; OR = odds ratio; SD = standard deviation; SE = standard error; S-K = serum potassium; SZC = sodium zirconium cyclosilicate.
2From a random coefficient model with patient-level random effects for time and intercept and fixed effects of intercept, time, and time by treatment interaction.

b Outcome was not part of the sequential closed statistical testing procedure.

© 31 patients were evaluated in the placebo group at 24 hours and 48 hours.

From a logistic regression model that included treatment and baseline serum potassium.

€ Time to first S-K reduction to 3.5 mmol/L to 5.0 mmol/L.

Source: Clinical Study Report for Study ZS-D9482.%"

Studies ZS-004 and ZS-D9480

Table 21 provides data for potassium outcomes evaluated in the open-label acute phases
of studies ZS-004 and ZS-D9480. These data are provided for completeness. However,
no conclusions can be made aboutthe effectof SZC, as there was no comparator.

Table 21: Serum Potassium Outcomes in the Acute Phases of Studies ZS5-004 and ZS-D9480

| Study ZS-004 | Study ZS-D9480
SZC 10 g (N =258) SZC 10 g (N =267)
Exponential rate of S-K change
48 hours, estimate -0.00324 —0.004 (SE 0.0001)
P value <0.0001 <0.001
Change from baseline S-K
Baseline, N (%) 258(100) 267 (100)
Mean S-K (SD), mmol/L 5.6 (0.5) 5.7 (0.5)
48 hours, N (%) 251(97.3) 260 (97.4)
Mean S-K (SD), mmol/L 45 (0.4) 4.4 (0.45)
Mean change (95% CI), mmol/L -1.05(-1.11 to —0.98) -1.3(-1.34t0-1.22)
P value <0.0001 <0.001
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Study ZS-004 Study ZS-D9480

Percentage who achieved normokalemia
(S-K 3.5 mmol/L to 5.0 mmol/L)

48 hours, N 251 267
n (%) 221(88.0) 238(89.1)

CIl = confidence interval; SD = standard deviation; S-K = serum potassium; SZC = sodium zirconium cyclosilicate.
Source: Clinical Study Report for Study ZS-004;% Clinical Study Report for Study ZS-D9480.%

Maintenance Phase
Study ZS-003

In Figure 8, mean serum potassium in the maintenance phase of Study ZS-003 is plotted for
SZC 10 g once daily versus placebo (firstpanel) and 5 g once daily versus placebo (second
panel). The maintenance phase was up to 12 days, followed by an end-of-study visit (shown
as day 21in plots). For both the 10 g and 5 g doses, potassium was consistently lower
compared with placebo. By the end of the study, after cessation of SZC dosing, mean
potassium approached placebo level.

In the closed order testing procedure, the first five tests were statistically significant. For the
maintenance phase, thismeantthat the 10 g and 5 g once-daily doses were statistically
significantly differentfrom placebo for the exponential rate of change in serum potassium.
For both doses, the exponential rate of increase was slower than placebo (the 5 g slope was
0.0009 versus placebo slope of 0.005;the 10 g slope was 0.001 versus placebo slope of
0.01) (Table 22). Therefore, the change in serum potassium after achieving potassium
normalization was lessin the active treatmentgroups compared with the placebo groups. All
other outcomes were outside of the sequential closed testing procedure ; therefore,
conclusions aboutstatistical significance cannotbe made. As shown in Table 22, both the 5
g and 10 g dosage groups had smaller changes in serum potassium from maintenance-
phase baselineto day 12 (5 g versus placebowas 0.14 mmol/L versus 0.24 mmol/L;10g
versus placebo was 0.06 mmol/L versus 0.58 mmol/L). However, atthe end-of-study visit,
the mean changesin serum potassium were similar between the placebo and active
treatmentgroups, demonstrating that potassium increases after discontinuation of treatment.
The mediantime to a potassium increase of 0.5 mmol/L was 18 days in the 5gand 10 g
groups, and three days or six days in the placebo groups. The median time for potassium to
return to original acute-phase levels was six days forthe 5 g group versus two days for the
placebo group, and 18 days forthe 10 g group versus 12 days for the placebo group. The
mean number of normokalemic days was higher with active treatment(nine days for5 g
versus six days placebo, and 10 days for 10 g versus eightdays for placebo). At day 12, the
proportion of patients who remained normokalemic was largerinthe 5 g and 10 g groups
compared with placebo; however, these differences were minimal by the end-of-study visit.

Subgroups were not part of the sequential testing procedure; therefore, the following results
are descriptive only. Figure 14 and Figure 15 in Appendix 3 show the mean change in serum
potassium in subgroups from maintenance-phase baseline to day 12 for 10 g versus
placebo and5 g versus placebo, respectively. The subgroups were defined by eGFR,
baseline serum potassium, use of RAASi medication, congestive heartdisease,and CKD.
Except for patients with an eGFR of less than 15 mL/min/1.73m?2, all other subgroups
experienced a smaller positive change in potassium with SZC 10 g compared with placebo.
In the subgroup where eGFR was less than 15 mL/min/1.73m? the 10 g group had a larger
positive increase in potassium than placebo. Similar results were observed forthe 5 g dose,
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except that patients with an eGFR less than 15 mL/min/1.73m?oran eGFR greater than or
equalto 60 mL/min/1.73m2had larger positive increases in potassium than placebo.

Table 46 in Appendix 3 providesthe proportion of patients who achieved normokalemia at
maintenance-phase day 12 for subgroups. Exceptfor those with eGFR less than 15
mL/min/1.73m?(5 g: placebo = 100% [N = 2] versus SZC =5 g 60% [N = 5]; 10 g: placebo =
60% [N =5]and SZC 10 g = 33.3% [N = 3]), all other subgroups had higher percentages of
patients achieving normokalemiainthe 5 g and 10 g groups compared with placebo.

Figure 8: Mean Serum Potassium (x 2 Standard Error) in Maintenance Phase of Study ZS-003
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Source: Extracted from Clinical Study Report for Study ZS-003.%
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Table 22: Serum Potassium Outcomes in Maintenance Phase of Study ZS-003

| Study ZS-003

PBO SZC5¢g PBO SZC10g
(N =68) (N =64) (N=61) (N =63)
Exponential rate of S-K change
(day 12 of maintenance phase)
Estimate 0.00470 0.00090 0.01039 0.00137
P value — 0.0083 — <0.0001
Change from maintenance baseline S-K2
Day 12 (end of treatment)
N 66 60 58 61
Mean change (SD), mmol/L 0.24 (0.58) 0.14 (0.53) 0.58 (0.49) 0.06 (0.56)
P value — NS — <0.001
Day 18 (EOS)
N 67 62 59 63
Mean change (SD), mmol/L 0.26 (0.56) 0.30 (0.54) 0.59 (0.50) 0.44 (0.65)
P value — NS — NS
Time to S-K increase of 0.5 mmol/L?
Median, days 6.0 18.0 3.0 18.0
P value — 0.2127 — 0.0008
Time to relapse of S-K
(return to acute-phase baseline value)?
Median, days 2.0 6.0 12.0 18.0
P value — 0.0328 — 0.4177
Number of days normokalemic
(S-K 3.5 mmol/L to 5.0 mmol/L)?
N 68 64 61 63
Mean (SD), days 6.0 (4.4) 9.0 (4.2) 8.2 (4.6) 10.2 (4.0)
P value — 0.0002 — 0.0338
Percentage who retained normal S-K
(3.5 mmol/L to 5.0 mmol/L)2
Day 12 (end of treatment)
N 66 60 58 61
n (%) 32 (48.5) 45 (75.0) 33 (56.9) 50 (82.0)
P value — 0.0033 — 0.0048
Day 18 (EOS)
N 68 64 61 63
n (%) 37 (54.4) 37(57.8) 37 (60.7) 39 (61.9)
P value — 0.7282 — 1.0000

EOS = end of study; NS = not significant; PBO = placebo; SD = standard deviation; S-K = serum potassium; SZC = sodium zirconium cyclosilicate.
#0utcome was not part of the sequential closed statistical testing procedure.
Source: Clinical Study Report for Study ZS-003.%
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Study ZS-004

Figure 9 shows mean serum potassium over the 28-day maintenance phase and atthe day
35 end-of-study visitin Study ZS-004. The placebo,5g, 10g, and 15 g groupsare
displayed;in this review, the 15 g dose is not evaluated. The mean serum potassium was
lowerin the 10 g (line that is second-closestto the x-axis)and 5 g (line that is third-closestto
the x-axis) groupsthanin the placebo group (line furthestfrom the x-axis). After
discontinuation of active treatment, the potassium levels atthe end-of-study visiton day 35
convergedin all groups.

The LSM of serum potassium from day 8 to day 29 was statistically significantly lower for the
5 g group versus the placebo group (4.8 mmol/L versus 5.1 mmol/L) and forthe 10 g group
versus the placebo group (4.5 mmol/Lvs. 5.1 mmol/L) (Table 23). In a sensitivity analysis for
the LSM of serum potassium that imputed data for patients who discontinued the study drug
priorto obtaining a serum potassium level atmaintenance-phase day 8, the results were the
same. Both dosage groups also had statistically significantly higher numbers of
normokalemic days, ameasurementthatwas assessed as part of the sequential testing
procedure (13.4 days versus 7.4 daysfor 5 g versus placebo,and 13.9 days versus 7.4
days for 10 g versus placebo). All other outcomes were outside of the sequential testing;
therefore, conclusions about statistical significance cannotbe made . Asshown in Table 23,
the mean change in serum potassium atday 29 from maintenance-phase baseline was
lowerfor5 g (0.25 mmol/L)and 10 g (0.1 mmol/L) than for placebo (0.6 mmol/L). The
median time to hyperkalemia (serum potassium =5.1 mmol/L) was longerfor5 g (14 days)
than for placebo (seven days), and was not yet reached for 10 g. The median time for serum
potassium to return to the original acute-phase baseline was 29 daysin the 5 g group, 19
days in the placebo group, and not yet reached for the 10 g group. The percentages of
patients who remained normokalemic at day 29 were 71.1% for5 g, 76% for 10 g, and
47.6% for placebo.

Subgroups were not part of the sequential testing procedure ; therefore, the following results
are descriptive only. Figure 16 in Appendix 3 displays the LSM for serum potassium through
days 8 to 29 for patients on RAASI medication, with heartfailure, or with CKD for both the 5
g versus placebo and 10 g versus placebo groups. The LSM was lower for both dosage
groupsthan for placebo. For subgroups defined by baseline serum potassium, CKD, heart
failure, oruse of RAASI medication, the mean change in serum potassium from
maintenance-phase baseline to day 29 was numerically smaller forthe 5 g and 10 g groups
than for placebo (Table 47, Appendix 3). More patients with CKD, heart failure, orusing
RAASI medicationinthe 5 g and 10 g groups achieved normokalemia than patientsin the
placebo group.
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Figure 9: Mean Serum Potassium (x 2 Standard Error) in Maintenance Phase of Study ZS-004
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Table 23: Serum Potassium Outcomes in Maintenance Phase of Study ZS-004

Placebo SZC5g SZC10g
(N =85) (N =45) (N=51)
LSM S-K (days 8 to 29)2
N 82 45 50
LSM (95 % CI), mmol/L 5.1(5.0t05.2) 4.8 (4.6t04.9) 45 (4.4 10 4.6)
P value — 0.0001 <0.0001
Change in S-Kb¢
Day 29
N 82 45 50
Mean change (SD), mmol/L 0.6 (0.6) 0.25 (0.6) 0.1(0.8)
P value — <0.01 <0.001
Day 35 (EOS)
N 31 22 27
Mean change (SD), mmol/L 0.5(0.7) 0.3(0.5) 0.7 (0.8)
P value - 0.2226 0.3752
Time to hyperkalemia
(S-K 2 5.1 mmol/L) from maintenance-phase
baseline®
Median, days 7 14 Notreached
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Study ZS-004

P value — 0.0012 <0.0001

Time to relapse of S-K (return to acute-phase
baseline value) from maintenance-phase

baseline®
Median, days 19 29 Notreached

P value — 0.0045 0.0001
Number of normokalemic days
(S-K 3.5 mmol/L to 5.0 mmol/L)

N 82 45 50
Mean (SE), days 7.4 (8.0) 13.4 (7.6) 13.9(7.9)
P value — 0.0001 <0.0001

Percentage of patients who remained
normokalemic

Maintenance-phase baseline

N 82 45 50
n (%) 71 (86.6) 42 (93.3) 46 (92.0)
Day 29
N 82 45 50
n (%) 39 (47.6) 32(71.1) 38 (76.0)
P value — <0.05 <0.01
Day 35 (EOS)
N 31 22 27
n (%) 16 (51.6) 14 (63.6) 13 (48.1)
P value — 0.4148 1.0000

Percentage of patients with S-K < 5.1 mmol/L
(days 8to 29)°

N 82 45 50
n (%) 38 (46.3) 36 (80.0) 45 (90.0)

Percentage of patients with S-K < 5.6 mmol/L
(days 8 to 29)°

N 82 45 50
n (%) 70 (85.4) 44 (97.8) 50 (100)

Cl = confidence interval; eGFR = estimated glomerular filtration rate; EOS = end of study; LSM = least squares mean; SE = standard error; S-K = serum potassium;
SZC = sodium zirconium cyclosilicate.

#From a mixed-effects model of serial S-K observations between maintenance-phase days 8 to 29 with a patient random effect and the following fixed effects:
maintenance-phase treatment group, acute-phase baseline eGFR, acute-phase baseline S-K, maintenance-phase baseline S-K, age category (< 55 years, 55 years to
64 years, 2 65 years), use of RAASI, and disease status for chronic kidney disease, congestive heart failure, and diabetes mellitus.

°From maintenance-phase baseline.
¢ Outcome was not part of the sequential closed statistical testing procedure.
Source: Clinical Study Report for Study ZS-004.%

Study ZS-D9480

In Study ZS-D9480, the sequential testing procedure included LSM of serum potassium,
the proportion of patients who remained normokalemic, the number of days remaining
normokalemic, and time to hyperkalemia. Therefore, statistical inferences can be made for
these outcomes. In the 28-day maintenance phase of Study ZS-D9480 (Table 24), the
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primary outcome of LSM serum potassium was statistically significantly lowerfor5 g versus
placebo (4.8 mmol/L versus 5.3 mmol/L) and 10 g versus placebo (4.4 mmol/L versus 5.3
mmol/L). In a sensitivity analysis that used i-STAT potassium values rather than central
laboratory analyses, the LSM forthe 5 g and 10 g groups remained lower than for placebo
(P < 0.001). In another sensitivity analysis that adjusted for the change to the potassium
assay during the study, resultsfor the 5 g and 10 g groups were also lower than for placebo
(P < 0.001). At day 29, the proportion of patients who remained normokal emic was
statistically significantly higherforthe 5 g group (58.6%) and 10 g group (77.3%) compared
with placebo (24.0%). The 5 g and 10 g groups also had higher numbers of normokalemic
days (LSM 10.8 days for5 g, 15.6 daysfor 10 g, and 3.5 days for placebo). The median time
to hyperkalemia (serum potassium = 5.1 mmol/L) was statistically significantly differentfor
the 5 g group versus the placebo group (14 versus five days) and forthe 10 g group versus
the placebo group (29 versus five days).

Subgroups were not part of the sequential testing procedure ; therefore, the following results
are descriptive only. Table 49 in Appendix 3 providesthe LSM serum potassium over
maintenance days 8to 29 for patients with CKD, heart failure, or use of RAASi medication.
In the 5 g and 10 g groups, the LSMs were 4.8 mmol/L and 4.4 mmol/L, respectively,in all
three subgroups. For placebo, the LSM ranged from 5.2 mmol/L t0 5.4 mmol/L. The
proportion of patients who achieved normokalemia was higherfor5gand 10 g compared
with placebo for all subgroups (Table 50, Appendix 3). However, none of the treatment-by-
subgroup interactions were statistically significant.

Table 24: Serum Potassium Outcomes in Maintenance Phase of Study ZS-D9480

\ Study ZS-D9480

Placebo SZC5¢g SZC10g
(N =50) (N =99) (N =99)
LSM S-K (days 8 to 29)
N 49 95 96
LSM (SE), mmol/L 5.3(0.02) 4.8 (0.01) 4.4 (0.01)
LSM difference (95% CI)@ — 0.90 (0.881t0 0.93) 0.82 (0.80to 0.85)
P value — <0.001 <0.001
Change in S-Kb¢
Day 29
N 41 86 88
Mean (SD), mmol/L 5.45 (0.57) 4.87 (0.56) 4.45 (0.62)
Mean change (SD), mmol/L 1.0 (0.6) 0.5 (0.6) 0.02 (0.7)
Day 35 (EOS)
N 50 98 99
Mean (SD), mmol/L 5.31 (0.65) 5.29 (0.66) 5.21 (0.73)
Mean change (SD), mmol/L 0.88 (0.68) 0.92 (0.66) 0.77 (0.70)
Time to hyperkalemia
(S-K2 5.1 mmoliL)
N 50 99 99
Median, days 5 14 29
HR (95% CI)¢ — 0.4 (0.3t00.7) 0.2(0.1t00.3)
P value — <0.001 <0.001
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\ Study ZS-D9480

Number of normokalemic days
(S-K 3.5 mmol/L to 5.0 mmol/L)
N 50 99 97
LSM (SE), days 3.5(14) 10.8 (1.1) 15.6 (1.1)
LSM difference (95% Cl)® — 7.3(4.31t010.2) 12.1 (9.1 t0 15.0)
P value — <0.001 <0.001
Percentage of patients who achieved
normokalemia
Day 29
N 50 99 97
n (%) 12 (24.0) 58 (58.6) 75 (77.3)
P valuef — <0.001 <0.001

CIl = confidence interval; eGFR = estimated glomerular filtration rate; EOS = end of study; HR =hazard ratio; LSM = least squares mean; RAASI = renin-angiotensin-
aldosterone system inhibitor; SD = standard deviation; SE = standard error; S-K = serum potassium; SZC = sodium zirconium cyclosilicate.

2From a mixed-effects model of serum potassium levels, with a patient random effect and fixed effects of treatment group, treatment by visit interaction, acute-phase
baseline serum potassium, maintenance-phase serum potassium, acute-phase baseline eGFR, age category (< 55 years, 55 years to 64 years, and 2 65 years), country,
RAASI use, chronic kidney disease, heart failure, and diabetes mellitus.

°From maintenance-phase baseline.
®Outcome was not part of the sequential closed statistical testing procedure.

4From a Cox proportional hazards model that included covariates of treatment group, acute-phase baseline serum potassium, maintenance-phase serum potassium,
acute-phase baseline eGFR, age category (< 55 years, 55 years to 64 years, and 2 65 years), country, baseline RAASI use, chronic kidney disease, heart failure, and
diabetes mellitus.

¢ From a linear regression model that included covariates of treatment group, acute-phase baseline serum potassium, maintenance-phase serum potassium, acute-phase
baseline eGFR, age category (< 55 years, 55 years to 64 years, and 2 65 years), country, baseline RAASI use, chronic kidney disease, heart failure, and diabetes mellitus.

"From a logistic regression model that included covariates of treatment group, acute-phase baseline serum potassium, maintenance-phase serum potassium, acute-phase
baseline eGFR, age category (< 55 years, 55 years to 64 years, and 2 65 years), country, baseline RAASi use, chronic kidney disease, heart failure, and diabetes mellitus.

Source: Clinical Study Report for Study ZS-D9480.%

DIALIZE Study

The mean serum potassium levels before and after dialysis for patients who received SzZC
(first panel) or placebo (second panel) in DIALIZE is shown in Figure 10. Table 25 provides
results for the efficacy outcomesin DIALIZE. The primary outcome (i.e., the proportion of
patients who maintained pre-dialysis serum potassium of 4.0 mmol/L to 5.0 mmol/L and did
not require urgentrescue therapy) was metby more patientsin the SZC group compared to
placebo (41.2% versus 1.0%, P <0.001). In a sensitivity analysis of the primary outcome
that replaced missing central laboratory potassium values with i-STAT measurements, the
findings were consistentwith the main analysis (42.3% versus 2.0%, P < 0.001). Urgent
rescue therapy was needed by two patientsin the treatmentgroup and five in the placebo
group. In post hoc analyses, pre-dialysis serum potassium was between 4.0 mmol/L and
5.0 mmol/L, or between 3.5 mmol/L and 5.5 mmol/L, more frequently with SZC than placebo
(e.g., 23.7% of patients inthe SZC group had at leastfour pre-dialysis potassium level
between 4 mmol/L and 5 mmol/L, whereasthere were no such patientsin the placebo
group). Fewer patients who received SZC also had serum potassium levels =6 mmol/L
afterthe long interdialytic interval.
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Figure 10: Mean Serum Potassium in DIALIZE
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Source: Republished with permission of by the American Society of Nephrology, from A phase Illb, randomized, double-blind, placebo-controlled study of SZC for reducing
the incidence of pre-dialysis hyperkalemia, Fishbane S et al., JASN, 30 (6), © 2019; permission conveyed through Copyright Clearance Center, Inc.*®

Table 25: Serum Potassium Outcomes and Need for Rescue Therapy in DIALIZE

Placebo SzC
(N =99) (N=97)
Maintained pre-dialysis S-K of 4.0 mmol/L to 5.0 mmol/L and
did not require urgent rescue therapy
N (%) 1(1.0) 40 (41.2)
OR (95% ClI) 68.8 (10.9t0 2,810.9)
P value <0.001
Need for urgent rescue therapy
N (%) 5(5.1) 2(2.1)
Number of pre-dialysis S-K between 4.0 mmol/L and
5.0 mmol/L?
At least1, N (%) 26 (26.3) 76 (78.4)
At least2, N (%) 12 (12.1) 56 (57.7)
At least3, N (%) 1(1.0) 40 (41.2)
At least4, N (%) 0 (0.0) 23 (23.7)
Number of pre-dialysis S-K between 3.5 mmol/L and
5.5 mmol/L?
At least1, N (%) 67 (67.7) 92 (94.8)
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Placebo SzC
(N=99) (N=97)
At least2, N (%) 35 (35.4) 84 (86.6)
At least3, N (%) 21(21.2) 68 (70.1)
At least4, N (%) 5(5.1) 50 (51.5)
Maximum S-K 2 6 mmol/L after the long interdialytic interval
during the stable dose evaluation period?
6.0 mmol/Lto 6.5 mmol/L, N (%) 30(73.2) 11 (26.8)
6.5 mmol/Lto 7.0 mmol/L, N (%) 13 (92.9) 1(7.1)
2 7.0 mmol/L,N (%) 13 (86.7) 2(13.3)

CI = confidence interval; OR = odds ratio; S-K = serum potassium; SZC = sodium zirconium cyclosilicate.

2Post hoc analysis.
Source: Fishbane et al. (2019).%°

Harms
Acute Phase

Table 26 provides harmsforthe acute phase of Study ZS-003 and Table 27 provides harms
for Study ZS-D9482. Both had comparisons with placebo. Data for the open-label, single-
arm, acute phases of studies ZS-004 and ZS-D9480 are described in the text.

Adverse Events

In Study ZS-003, a similar percentage of patientsin the placebo and SZC 10 g groups
experienced atleast one AE (10.8% and 11.9%, respectively). The mostcommon AEs were
gastrointestinal (i.e., constipation, diarrhea, and vomiting). In Study ZS-D9482, one patient
in the placebo group and five patientsin the SZC group experienced atleastone AE. In
Study ZS-004, 20 of 258 patients (7.8%) had at least one AE; the mostcommon was
diarrhea (1.2%). In Study ZS-D9480, 17 of 267 patients (6.4%) had at least one AE; the
mostcommon was edema (1.1%).

Serious Adverse Events

In Study ZS-003, one patientwho received placebo experienced an SAE (acute renal
failure).

Withdrawals Due to Adverse Events

In Study ZS-003, there was one WDAE (due to vomiting and diarrhea) in a patienton SZC.
Studies ZS-004 and ZS-D9480 each had one WDAE; the cause in Study ZS-004 was QT
prolongation.

Mortality
No deaths occurred in the acute phase.
Notable Harms

In Study ZS-003, constipation was slightly more frequentwith SZC (2.1% versus 0.6%).
Peripheral edema occurred in two patientson SZC and in no patients on placebo. In
addition, one patientin the SZC group experienced each of hypokalemia, atrial fibrillation,
palpitations, and hypertension. In Study ZS-D9482, the SZC group had one patientwith
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ventricular extrasystoles, two patients with hypokalemia (potassium less than 3.5 mmol/L),
and one patientwith hypokalemia (serum potassium level lessthan 3.0 mmol/L). None of
these events occurred in patients on placebo. In Study ZS-004, constipation occurredin two
patients; there was an ECG change in one patient; and one patient experienced
hypokalemia. In Study ZS-D9480, gastrointestinal effects were experienced by three
patients, including one with constipation and one with intestinal obstruction. Angina pectoris,
hypertension, atrial fibrillation, palpitations, and supraventricular extrasystoles occurred in
one patient. Edema was present in three patients: peripheral edema in two and peripheral
swellinginone.

Table 26: Harms in Acute Phase of Study ZS-003

| Study 7S-003

Placebo SzZC10g
(N =158) (N =143)
Patients with = 1 AEs, N (%) 17 (10.8) 17 (11.9)
Most common AEs?
Constipation 1(0.6) 3(2.1)
Diarrhea 4 (2.5) 1(0.7)
Vomiting 2(1.3) 1(0.7)
Peripheral edema 0 (0) 2(1.4)
SAEs
Patients with = 1 SAEs, N (%) 1(0.6) 0 (0)
Acute renal failure 1(0.6) 0 (0)
WDAEs
WDAEs, N (%) 0 (0) 1(0.7)
Vomiting and diarrhea 0 (0) 1(0.7)
Deaths
Number of deaths, N (%) 0 (0) 0 (0)
Notable harms
Gastrointestinal 8(5.1) 5(3.5)
Constipation 1(0.6) 3(2.1)
Peripheraledema 0 (0) 2(1.49)
Low potassium (below normal range) 0(0) 1(0.7)
Acute renal failure 1(0.6) 0 (0)
Increased blood creatinine 1(0.6) 0(0)
Atrial fibrillation 0(0) 1(0.7)
Palpitations 0 (0) 1(0.7)
Hypertension 0 (0) 1(0.7)

AE = adverse event; SAE = serious adverse event; SZC = sodium zirconium cyclosilicate; WDAE = withdrawal due to adverse event.
2Frequency > 1%.
Source: Clinical Study Report for Study ZS-003.%
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Table 27: Harms in Study ZS-D9482

| Study ZS-D9482

Placebo SZC10g
(N=33) (N =36)
Patients with=> 1 AEs, N (%) 1(3.0) 5(13.9)
Most common AEs?
Erythema 0 (0) 1(2.8)
Hypoglycemia 0 (0) 1(2.8)
Respiratory tract infection 1(3.0) 0 (0)
Tension headache 0 (0) 1(2.8)
Tremor 0 (0) 1(2.8)
Ventricular extrasystoles 0 (0) 1(2.8)
Hypokalemia (< 3.5 mmol/L) 0 (0) 2(5.6)
Hypokalemia (< 3.0 mmol/L) 0 (0) 1(2.8)
SAEs
Patients with > 0 SAEs, N (%) 0(0) 0(0)
WDAESs
WDAEsS, N (%) 0 (0) 0(0)
Deaths
Number of deaths, N (%) 0 (0) 0 (0)
Notable Harms
Ventricular extrasystoles 0(0) 1(2.8)
Hypokalemia (< 3.5 mmol/L) 0 (0) 2(5.6)
Hypokalemia (< 3.0 mmol/L) 0 (0) 1(2.8)

AE = adverse event; SAE = serious adverse event; SZC= sodium zirconium cyclosilicate; WDAE =withdrawal due to adverse event.
2Frequency > 1%.
Source: Clinical Study Report for Study ZS-D9482.%"

Maintenance Phase

Table 28, Table 29, Table 30, and Table 32 provide harmsin the maintenance phases of
studies ZS-003, ZS-004, ZS-D9480, and DIALIZE, respectively.

Adverse Events

In Study ZS-003, AEs were experienced by more than a fifth of patients on placebo and on
SZC 5 g (23.5% and 21.5%, respectively). More patientsin the SZC 10 g group experienced
an AE (33.3%)than did those on placebo (24.6%). In Study ZS-004, AEs occurred in 31.8%
patients on placebo, 53.3% of patientson SZC 5 g, and 29.4% of patients on SZC 10 g. In
Study ZS-D9480, AEs were experienced by 20% of patients on placebo, 28.3%on5 g, and
44.4% on 10 g. In DIALIZE, 46.5% of patients on placebo and 41.7% on SZC had an AE.

Serious Adverse Events

In Study ZS-003, SAEs were experienced by three patientsin the 5 g group and two patients
in the corresponding placebo group, and by one patienteach in the 10 g and corresponding
placebo groups. In Study ZS-004, SAEs occurred in five patients in the 5 g group, two
patientsin the 10 g group, and none in the placebo group. The SAEs for 5 g were
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congestive cardiac failure, small intestinal obstruction, hepatotoxicity, pneumonia, and
confusional state. The SAEs for 10 g were myocardial infarction and cellulitis. In Study ZS-
D9480, SAEs occurred in one patienton placebo, four patientson 5 g, and three patientson
10 g. The SAEs for 5 g were infectious colitis, pneumonia, congestive cardiac failure,
hypertension, and gastritis. The SAEs for 10 g were cystitis, upper respiratory tract infection,
cardiacfailure, and renal impairment. In DIALIZE, SAEs were experienced by eight patients
on placebo and seven on SZC. The most common SAE in the active treatmentgroup was
angina pectoris; the mostcommon SAEs in the placebo group were hyperkalemia and fluid
overload.

Withdrawals Due to Adverse Events

In Study ZS-003, three patients inthe 5 g group withdrew due to an AE versus nonein the
placebo group. The reasons for withdrawal were bradycardia; a combination of diastolic
dysfunction, pulmonary edema, and renal failure; and a combination of vomiting, diarrhea,
andlong QT syndrome. There was also one WDAE in the 10 g group (due to gout) and one
in the placebo group (due to gastroenteritis). In Study ZS-004, there were four WDAESs inthe
5 g group and none in the placebo or 10 g groups. The reasons for WDAESs included small
intestinal obstruction, QT prolongation, confusional state, and renal failure. In Study ZS-
D9480, the placebo group had three WDAESs due to hyperkalemia and bronchial obstruction.
There were seven WDAESs in both the 5 g and 10 g groups. The reasons for withdrawal in
the 5 g group included pneumonia, hyperkalemia, congestive cardiac failure, ventricular
extrasystoles, and peripheral edema. Inthe 10 g group, the reasons included hypokalemia,
atrial fibrillation, cardiac failure, edema, and edemadue to renal disease. In DIALIZE,
WDAESs occurred in two patientsin the placebo group and fourin the SZC group.

Mortality

In Study ZS-003, there was one death inthe 5 g group due to respiratory distress. In Study
ZS-004, one death inthe 10 g group occurred due to myocardial infarction. In DIALIZE, one
patienton SZC died due to peripheral arterial occlusive disease.

Notable Harms

Gastrointestinal

In Study ZS-003, gastrointestinal effects were experienced by a similar number of patientsin
the 5 g and placebo groups (7.7% versus 7.4%), whereas in the 10 g versus placebo
groups, the figures were 4.8% versus 0%. Constipation occurred in two patients receiving 10
g, butin nonein the other groups. In Study ZS-004, gastrointestinal effects were
experienced by 14.1% on placebo,6.7% on 5 g, and 2.0% on 10 g. Constipation was
reported by a single patienton 10 g and by six patients on placebo. Small intestinal
obstruction occurred in one patienton 5 g. In Study ZS-D9480, gastrointestinal effects were
more commoninthe 10 g (13.1%) group than inthe 5 g (6.1%) or placebo (6.0%) groups.
Constipation occurred in nine patientson 10 g, in one patienton 5 g, and in none in placebo.
One patienton 5 g had an intestinal obstruction. In DIALIZE, three patients on placebo and
fouron SZC had constipation.

Cardiovascular

In Study ZS-003, one patientin the 10 g group had atrial fibrillation and one patientinthe 5
g group had long QT syndrome. In Study ZS-004, one patientin the 10 g group experienced
both acute cardiac failure and myocardial infarction. Inthe 5 g group, one patienthad
congestive cardiac failure and QT prolongation. Hypertension was experienced by one
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patienton placebo, two patientson 5 g, and oneon 10g. In Study ZS-D9480, one patientin
the 10 g group experienced angina pectoris, atrial fibrillation, and chronic/cardiac failure, and
two patients experienced ventricular extrasystoles. In the 5 g group, one patientexperienced
angina pectoris, supraventricular extrasystoles, ventricular extrasystoles, and
chronic/congestive cardiac failure. Hypertension occurred in two patients on placebo, three
on 5 g, andtwo on 10 g. in DIALIZE, angina pectoris was the most common (n =2) SAE in
the SZC group.

Renal

In Study ZS-003, one patientin the 10 g group had renal impairment; none in the other
groups had this. In Study ZS-004, two patients inthe 5 g group were identified as having
renal failure and one as having acute renal failure; however, neither of these events
occurred in the placebo or 10 g groups. In Study ZS-D9480, renal impairmentoccurred in
one patienton 10 g. No patients on placebo or 5 g experienced this.

Edema

In Study ZS-003, two patients in the 10 g group and two in the placebo group (of 5 g) had
peripheral edema. In Study ZS-004, peripheral edema oredema occurred in three patients
in the 10 g group, one patientinthe 5 g group, and two patientson placebo. In Study ZS-
D9480, eightpatients were identified as having edemainthe 10 g group;there was onein
the 5 g group. Seven patientson 10 g and fouron 5 g reported peripheral edema. No cases
of edema occurred in the placebo group.

Hypokalemia

In Study ZS-003, one patientin the placebo group (of 10 g) had low potassium; there were
no casesin the SZC groups. In Study ZS-004, hypokalemia occurred in eight patients
(15.7%) in the 10 g group, and innone in the placebo or5 g groups. In Study ZS-D9480,
one patient experienced hypokalemiain the 10 g group; there were no casesin the placebo
or 5 g group. In DIALIZE, five patientsin both the placebo and SZC groups experienced pre-
dialysis hypokalemia.

Table 28: Harms in Maintenance Phase of Study ZS-003

| Study ZS-003

PBO SZC5¢g PBO SZC10g

(N =68) (N =65) (N=61) (N =63)
Patients with = 1 AEs, N (%) 16 (23.5) 14 (21.5) 15 (24.6) 21 (33.3)
Most common AEs?
Atrial fibrillation 1(1.5) 0(0) 0 (0) 1(1.6)
Constipation 0(0) 0(0) 0 (0) 2(3.2)
Diarrhea 344 2(3.1) 0 (0) 0 (0)
Dyspepsia 0(0) 2(3.1) 0 (0) 0 (0)
Nausea 0(0) 0(0) 0(0) 1(1.6)
Vomiting 0 (0) 3(4.6) 0 (0) 0 (0)
Malaise 0 (0) 0 (0) 0 (0) 1(1.6)
Peripheral edema 2(2.9) 0(0) 0(0) 2(3.2)
Upper respiratory tract infection 1(1.5) 0(0) 0 (0) 1(1.6)
Urinary tract infection 0 (0) 5(7.7) 0 (0) 4 (6.3)
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PBO SZC5¢g PBO SZC10g

(N =68) (N =65) (N=61) (N =63)
Bacterial urinary tract infection 1(1.5) 1(1.5) 0 (0) 0(0)
Laceration 0 (0) 0 (0) 1(1.6) 0 (0)
Blood potassium increase 1(1.5) 1(1.5) 0 (0) 0 (0)
Transaminasesincrease 1(1.5) 0(0) 1(1.6) 0(0)
Muscle spasms 1(1.5) 0 (0) 1(1.6) 0 (0)
Acute renal failure 0 (0) 0(0) 1(1.6) 0 (0)
Renal impairment 0 (0) 0 (0) 0 (0) 1(1.6)
Cough 0 (0) 0 (0) 0 (0) 1(1.6)
Dyspnea 0 (0) 0(0) 0 (0) 1(1.6)
Hypertension 1(1.5) 0(0) 2(3.3) 1(1.6)
SAEs
Patients with > 1 SAEs, N (%) 2(2.9) 3 (4.6) 1(1.6) 1(1.6)
Most common SAEs?
Blood potassium increase 1(1.5) 0 (0) 0 (0) 0(0)
Congestive cardiacfailure 1(1.5) 0(0) 0 (0) 0 (0)
Diastolic dysfunction 0(0) 1(1.5) 0(0) 0(0)
Nocardiosis 0 (0) 1(1.5) 0 (0) 0 (0)
Loss of consciousness 0(0) 1(1.5) 0 (0) 0(0)
Renal failure 0(0) 1(1.5) 0 (0) 0(0)
Pulmonaryedema 0 (0) 1(1.5) 0 (0) 0 (0)
Respiratory arrest 0(0) 1(1.5) 0 (0) 0(0)
Hospitalization 0(0) 1(1.5) 0(0) 0(0)
Gastroenteritis 0(0) 0(0) 1(1.6) 0 (0)
Gout 0 (0) 0(0) 0 (0) 1(1.6)
WDAEs
WDAES, N (%) 0 (0) 3 (4.6) 1(1.6) 1(1.6)
Most common reasons
Chest pain and dyspnea 0 (0) 0 (0) 0 (0) 0 (0)
Bradycardia 0 (0) 1(1.5) 0 (0) 0 (0)
Diastolic dysfunction, pulmonary edema, and renal 0(0) 1(1.5) 0 (0) 0(0)
failure
Vomiting, diarrhea, and long QT syndrome 0(0) 1(1.5) 0 (0) 0(0)
Gastroenteritis 0 (0) 0 (0) 1(1.6) 0(0)
Gout 0 (0) 0(0) 0 (0) 1(1.6)
Deaths
Number of deaths, N (%) 0 (0) 1(1.5) 0 (0) 0 (0)
Notable harms
Gastrointestinal 5(7.4) 5(7.7) 0(0) 3(4.8)
Constipation 0 (0) 0 (0) 0 (0) 2(3.2)
Atrial fibrillation 1(1.5) 0(0) 0 (0) 1(1.6)
Long QT syndrome 0 (0) 1(1.5) 0 (0) 0(0)
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Study ZS-003

PBO SZC5¢g PBO SZC10g
(N =68) (N =65) (N=61) (N =63)
Congestive cardiacfailure 1(1.5) 0(0) 0 (0) 0(0)
Bradycardia/cardiovascular disorder 0 (0) 0 (0) 1(1.6) 1(1.6)
Hypertension 1(1.5) 0(0) 2(3.3) 1(1.6)
Peripheral edema 2(2.9) 0(0) 0 (0) 2(3.2)
Acute renal failure 0 (0) 0 (0) 1(1.6) 0 (0)
Renal impairment 0 (0) 0(0) 0 (0) 1(1.6)
Low potassium (below normal range) 0(0) 0(0) 1(1.6) 0(0)

AE = adverse event; PBO = placebo; SAE = serious adverse event; SZC = sodium zirconium cyclosilicate; WDAE =withdrawal due to adverse event.

2Frequency > 1%.

Source: Clinical Study Report for Study ZS-003.%

Table 29: Harms in Maintenance Phase of Study ZS-004

| Study ZS-004

Placebo SZC5g SZC10g

(N =85) (N =45) (N=51)
Patients with= 1 AEs, N (%) 27 (31.8) 24 (53.3) 15 (29.4)
Most common AEs?
Constipation 6(7.1) 0 (0) 1(2.0)
Dyspepsia 0 (0) 2(4.4) 0 (0)
Abdominal pain 1(1.2) 1(2.2) 0(0)
Diarrhea 1(1.2) 0 (0) 0 (0)
Nausea 1(1.2) 0 (0) 0 (0)
Vomiting 1(1.2) 1(2.2) 0(0)
Dry mouth 1(1.2) 0 (0) 0 (0)
Rectal hemorrhage 1(1.2) 0 (0) 0 (0)
Congestive cardiacfailure 0(0) 1(2.2) 0(0)
QT prolongation 0 (0) 1(2.2) 0 (0)
Hypertension 1(1.2) 2(4.4) 1(2.0)
Fatigue 0(0) 0 (0) 1(2.0)
Peripheral edema 2(2.4) 0 (0) 3(5.9)
Edema 0 (0) 1(2.2) 0 (0)
Influenza 0(0) 0(0) 1(2.0)
Nasopharyngitis 1(1.2) 0 (0) 0 (0)
Pneumonia 0(0) 1(2.2) 0(0)
Respiratory tract infection 1(1.2) 0(0) 0(0)
Upper respiratory tract infection 1(1.2) 3(6.7) 1(2.0)
Diverticulitis 1(1.2) 0 (0) 0(0)
Staphylococcal wound infection 1(1.2) 0 (0) 0(0)
Gout 0 (0) 1(2.2) 1(2.0)
Hypocalcemia 2(2.4) 0 (0) 0(0)
Hypoglycemia 0 (0) 1(2.2) 0(0)
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| Study zS-004

Placebo SZC5¢g SZC10g

(N =85) (N =45) (N =51)
Hyperglycemia 1(1.2) 0 (0) 0(0)
Pain in extremity 1(1.2) 0 (0) 1(2.0)
Back pain 1(1.2) 0 (0) 0 (0)
Bursitis 1(1.2) 0 (0) 0(0)
Tendonitis 1(1.2) 0 (0) 0 (0)
Dizziness 1(1.2) 0 (0) 1(2.0)
Renal failure 0(0) 2(4.4) 0(0)
Dysuria 1(1.2) 1(2.2) 0(0)
Hematuria 1(1.2) 0(0) 0 (0)
Crystal urine 1(1.2) 0(0) 0(0)
Asthma 1(1.2) 1(2.2) 0(0)
Dyspnea 0(0) 1(2.2) 0(0)
Respiratory tract congestion 1(1.2) 0(0) 0(0)
Rhinorrhea 1(1.2) 0 (0) 0 (0)
Dermatosis 1(1.2) 0 (0) 0(0)
Decreased hemoglobin 1(1.2) 0 (0) 0(0)
Abnormal liver function tests 1(1.2) 0 (0) 0(0)
SAEs
Patients with > 0 SAEs, N (%) 0(0) 5(11.1) 2(3.9)
Cause of SAEs, N (%)
Congestive cardiacfailure 0(0) 1(2.2) 0(0)
Myocardial infarction 0(0) 0 (0) 1(2.0)
Small intestinal obstruction 0 (0) 1(2.2) 0 (0)
Hepatotoxicity 0(0) 1(2.2) 0(0)
Cellulitis 0 (0) 0 (0) 1(2.0)
Pneumonia 0 (0) 1(2.2) 0 (0)
Confusional state 0(0) 1(2.2) 0(0)
WDAEs
WDAESs, N (%) 0 (0) 4(8.9) 0 (0)
Cause of WDAE, N (%)
Smallintestinal obstruction 0 (0) 1(2.2) 0 (0)
QT prolongation 0 (0) 1(2.2) 0 (0)
Confusional state 0(0) 1(2.2) 0(0)
Renal failure 0 (0) 1(2.2) 0(0)
Deaths
Number of deaths, N (%) 0(0) 0(0) 1(2.0)
Cause of death, N (%)
Myocardial infarction 0(0) 0 (0) 1(2.0)
Notable harms
Gastrointestinal 12 (14.2) 3(6.7) 1(2.0)
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| Study zS-004

Placebo SZC5¢g SZC10g

(N =85) (N =45) (N =51)
Constipation 6(7.1) 0 (0) 1(2.0)
Smallintestinal obstruction 0 (0) 1(2.2) 0 (0)
Acute cardiac failure 0 (0) 0 (0) 1(2.0)
Congestive cardiac failure 0(0) 1(2.2) 0(0)
Myocardial infarction 0 (0) 0 (0) 1(2.0)
QT prolongation 0 (0) 1(2.2) 0 (0)
Hypertension 1(1.2) 2(4.4) 1(2.0)
Acute renal failure 0 (0) 1(2.2) 0(0)
Renal failure 0 (0) 244 0 (0)
Peripheral edema 2(2.4) 0(0) 3(5.9)
Edema 0 (0) 1(2.2) 0(0)
Hypokalemia (S-K<3.5 mmol/L) 0 (0) 0 (0) 8 (15.7)

AE = adverse event; SAE = serious adverse event; S-K = serum potassium; SZC = sodium zirconium cyclosilicate; WDAE = withdrawal due to adverse event.
2Frequency = 1% in placebo or in all SZC doses combined.
Source: Clinical Study Report for Study ZS-004.%

Table 30: Harms in Maintenance Phase of Study ZS-D9480

| Study ZS-D9480

Placebo SZC5g SZC10g

(N =50) (N=99) (N=99)
Patients with > 1 AEs, N (%) 10 (20.0) 28 (28.3) 44 (44.4)
Most common AEs?
Constipation 0(0) 1(1.0) 9(9.1)
Diarrhea 1(2.0) 1(1.0) 2(2.0)
Nausea 1(2.0) 0(0) 1(1.0)
Vomiting 1(2.0) 1(1.0) 0 (0)
Abdominal pain 1(2.0) 0(0) 0 (0)
Gastroesophageal reflux disease 1(2.0) 0(0) 0(0)
Viral upperrespiratory tract infection 0 (0) 1(1.0) 2(2.0)
Upper respiratory tract infection 0 (0) 0(0) 3 (3.0
Decreased appetite 1(2.0) 0(0) 0(0)
Diabetes mellitus 0 (0) 2(2.0) 0 (0)
Type 2 diabetes mellitus 0(0) 1(1.0) 1(1.0)
Hyperkalemia 2(4.0) 3(3.0) 0(0)
Tremor 1(2.0) 0(0) 0 (0)
Conjunctival edema 1(2.0) 0 (0) 0(0)
Ocular hyperemia 1(2.0) 0(0) 0(0)
Blurred vision 1(2.0) 0(0) 0 (0)
Angina pectoris 0(0) 1(1.0) 1(1.0)
Chronic cardiac failure 0(0) 1(1.0) 1(1.0)
Ventricular extrasystoles 0 (0) 1(1.0) 2(2.0)
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Study ZS-D9480

Placebo SZC5¢g SZC10g

(N =50) (N =99) (N =99)
Hypertension 2(4.0) 3(3.0) 2(2.0)
Increased blood pressure 0 (0) 0 (0) 2(2.0)
Bronchial obstruction 1(2.0) 0 (0) 0 (0)
Dyspnea 1(2.0) 0(0) 1(1.0)
Nephroptosis 1(2.0) 0 (0) 0 (0)
Renal cyst 1(2.0) 0(0) 0(0)
Edema 0(0) 1(1.0) 8 (8.1)
Peripheral edema 0 (0) 4 (4.0) 7(7.1)
Ankle fracture 1(2.0) 0(0) 0 (0)
SAEs
Patients with > 0 SAEs, N (%) 1(2.0) 4 (4.0) 3(3.0)
Cause of SAEs, N (%)
Cystitis 0 (0) 0(0) 1(1.0)
Infectious colitis 0(0) 1(1.0) 0 (0)
Pneumonia 0(0) 1(1.0) 0(0)
Upper respiratory tract infection 0 (0) 0 (0) 1(1.0)
Cardiacfailure 0(0) 0 (0) 1(1.0)
Congestive cardiacfailure 0(0) 1(1.0) 0(0)
Hypertension 0 (0) 1(1.0) 0 (0)
Gastritis 0(0) 1(1.0) 0 (0)
Renal impairment 0(0) 0(0) 1(1.0)
Ankle fracture 1(2.0) 0(0) 0 (0)
WDAEs
WDAEs, N (%) 3(6.0) 7(7.2) 7(7.1)
Cause of WDAE, N (%)
Pneumonia 0(0) 1(1.0) 0 (0)
Hyperkalemia 2(4.0) 3(3.0) 0(0)
Hypokalemia 0 (0) 0 (0) 1(1.0)
Atrial fibrillation 0 (0) 0 (0) 1(1.0)
Cardiacfailure 0(0) 0(0) 1(1.0)
Congestive cardiacfailure 0 (0) 1(1.0) 0 (0)
Ventricular extrasystoles 0(0) 1(1.0) 0 (0)
Bronchial obstruction 1(2.0) 0(0) 0(0)
Edema 0 (0) 0 (0) 3(3.0)
Edemadueto renal disease 0 (0) 0 (0) 1(1.0)
Peripheral edema 0(0) 1(1.0) 0(0)
Deaths
Number of deaths, N (%) 0(0) 0(0) 0 (0)
Notable harms
Gastrointestinal 3(6.0) 6 (6.1) 13(13.1)
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Study ZS-D9480

Placebo SZC5¢g SzZC10g

(N =50) (N =99) (N =99)
Constipation 0(0) 1(1.0) 9(9.1)
Intestinal obstruction 0 (0) 1(1.0) 0 (0)
Angina pectoris 0(0) 1(1.0) 1(1.0)
Atrial fibrillation 0 (0) 0(0) 1(1.0)
Supraventricular extrasystoles 0 (0) 1(1.0) 0 (0)
Ventricular extrasystoles 0(0) 1(1.0) 2(2.0)
Cardiacfailure 0(0) 0(0) 1(1.0)
Chronic cardiac failure 0 (0) 1(1.0) 1(1.0)
Congestive cardiacfailure 0(0) 1(1.0) 0 (0)
Hypertension 2(4.0) 3(3.0) 2(2.0)
Increased blood pressure 0 (0) 0 (0) 2(2.0)
Renal impairment 0(0) 0(0) 1(1.0)
Edema 0 (0) 1(1.0) 8(8.1)
Edemadue to renal disease 0(0) 0 (0) 1(1.0)
Peripheraledema 0 (0) 4 (4.0) 7(7.1)
Hypokalemia 0 (0) 0 (0) 1(1.0)

AE = adverse event; SAE = serious adverse event; SZC = sodium zirconium cyclosilicate; WDAE = withdrawal due to adverse event.
2Frequency > 1% in placebo or in all SZC doses combined.
Source: Clinical Study Report for Study ZS-D9480.%

Table 31;: Harms in DIALIZE

Placebo SzC

(N=99) (N =96)
Patients with = 1 AEs, N (%) 46 (46.5) 40 (41.7)
Most common AEs?
Hypokalemia 5(.1) 5(5.2)
Constipation 3(3.0) 4(4.2)
Diarrhea 6(6.1) 4(4.2)
Headache 2(2.0) 3(3.1)
Nasopharyngitis 5(5.1) 3(3.1)
Hyperkalemia 6 (6.1) 2(2.1)
Hordeolum (stye) 0(0.0) 2(2.1)
Muscle spasms 2(2.0) 2(2.1)
Dizziness 4 (4.0) 1(1.0)
Dyspnea 3(3.0) 1(1.0)
Pruritus 3(3.0) 1(1.0)
Shunt stenosis 3(3.0) 1(1.0)
SAEs
Patients with > 1 SAEs, N (%) 8(8.1) | 7(7.3)
WDAEs
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WDAEs, N (%) 2(2.0) 4(4.2)
Deaths

Number of deaths, N (%) 0 (0) | 1(1.0)
Notable harms

Constipation 3(3.0) 4(4.2)
Hypokalemia 5(.1) 5(5.2)

AE = adverse event; SAE = serious adverse event; SZC = sodium zirconium cyclosilicate; WDAE = withdrawal due to adverse event.

2Frequency > 2%.
Source: Fishbane (2019).%°

Critical Appraisal
Internal Validity

The procedures for randomization and blinding were well conducted. Randomization was
performed by a third party (hot associated with the clinical studies), by an interactive
voice/web system, or by using the AstraZeneca global randomization system. An effortto
balance the distribution of patients among treatmentgroups was made through block
randomization in studies ZS-D9480,ZS-D9482, and DIALIZE. Investigators and patients
were blinded in all studies, except during the open-label, acute phases of studies ZS-004
and ZS-D9480. To maintain blinding, placebo and SZC were identical in appearance and
labelled with predetermined numeric codes. The open-label exposure to SZC in studies ZS-
004 and ZS-D9480 may have had an impacton the success of blinding during the
maintenance phase. Also, the disproportionate incidence of hypokalemia in patients
receiving higher doses of SZC may have compromised blinding. However, given thatthe
primary outcomes were measured objectively using the i-STAT or through central laboratory
measurementof potassium, the risk of bias due to compromise in blinding is low.

Baseline characteristics were generally well balanced across groups. More patients with
baseline serum potassium greater than 5.5 mmol/L received placebo during the acute
phases of studies ZS-003 and ZS-D9482 (25.9% and 45.5%, respectively) than received
SZC (15.4% and 33.3%), potentially causing the efficacy results for serum potassium in the
acute phase to favour SZC. In the maintenance phase of Study ZS-003, 80.9% of patients
who were assigned to placebo (following 5 g in the acute phase) were normokalemic. In
comparison, 89.1% were normokalemic and assigned to sodium zirconium5 g (following 5 g
in the acute phase). These differences may have introduced biasin favour of SZC 5 g for
the number of normokalemic days or the proportion of patients who remained normokalemic.

Patients were provided with instructions about how to prepare and take the study drug at
home. The medication required some preparation (i.e., dilution in water to be consumed
orally). It is unclear how well patients complied with these instructions and if compliance was
consistentacross groups. Concomitantmedications were permitted in the studies, although
studies ZS-D9480 and ZS-D9482 specifically mentioned that other potassium binders and
changesto RAASI therapies or diuretics were not allowed. A restriction in changesto RAASI
therapies or diuretics was not specified in studies ZS-003 or ZS-004. In addition, information
or advice aboutdietary interventions was not provided in any of the studies. The absence of
information about changesto diet or RAASI or diuretic medicationsisalimitation because
any differences in these factors across treatmentgroups could introduce bias.
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Potassium was measured using two methods: i-STAT, which measures potassium in
plasma;and central laboratory, which measures potassium in serum. All analyses were
based on serum potassium levels from the central laboratory, but decisions such as those
related to screening or withdrawal from the study were made based on i-STAT
measurements of plasma potassium. According to the sponsor, there is only a small
difference between the measurements of potassium resulting from the two methods, with i-
STAT being 0.15 mmol/L lower on average.® Sensitivity analyses were conducted by some
of the studies that substituted i-STAT potassium values for central laboratory values, and
results were found to be consistent. Therefore, the use of i-STAT values for decision-making
and central laboratory values for statistical analysis should nothave introduced bias.

The statistical models used in the studies were appropriate and adjusted for several
important covariates. Given the many dose comparators thatwere incorporated into the
studies, it was importantthattype | error was controlled to maintain a significance level of
5%. The studies controlled fortype | error by following a pre-specified, sequential, closed
testing procedure.

External Validity

The patients enrolled in the studies represented a heterogeneous population, with diverse
comorbidities and concomitantmedications thatare associated with hyperkalemia in clinical
practice, including CKD. Of the patients who participated in the acute phase across studies,
the proportionin each treatment arm who reported having CKD at baseline ranged from
58.0%to 78.8%. The proportion of patients in a treatmentarm that reported CKD at
baseline,who also participated in the maintenance phase across studies, ranged from
57.8%to 100%. Therefore, the results of the included studies represent patients with
hyperkalemia due to CKD as well as other causes.

Subgroup analyses showed generally consistentresults in efficacy when conducted for
populations of interest, such as patients with differentlevels of eGFR impairment, CKD,
congestive heartfailure, and using RAASiI medication. However, of note, there is uncertainty
in the maintenance of potassium ata lower level by differenteGFR categories in the
maintenance phase. Forexample, in Study ZS-003, patients with eGFR of less than 15
mL/min/1.73m?and an eGFR of greater than or equalto 60 mL/min/1.73m2had larger
positive increases in potassium than those on placebo. Exceptfor those with an eGFR of
less than 15 mL/min/1.73m?, all other subgroups had a higher percentage of patients
achieving normokalemiainthe 5 g and 10 g groups compared with placebo. Given the
relatively small sample size, more study is warranted to identify the potential disparity in
maintaining treatmenteffect by differentlevel of kidney impairmentas measured by eGFR
categories (e.g., less than 30 mL/min/1.73m?, perthe sponsor’s listing request). It is also of
note that a high percentage of the patients experiencing treatmenteffectsin these studies
were using RAASI medications (more than 50% up to nearly 80%). The patientsin the
studies had mild to moderate hyperkalemia. The use in patients with severe hyperkalemia
(greaterthan 6.5 mmol/L) is unclear, although potassium binders are generally not
recommended in this setting due to their delayed onsetof effect.

None of the study sites were in Canada, although several were inthe US. Across the
various study locations, there may have been variationsin clinical practices concerning
dietary interventions and protocols for modifying potassium-increasing medications. Itis
unclear if and how these may practices have differed from those in Canada. There is also
concern that the potassium cut-off level used to screen patients into the studies (i.e.,> 5.0
mmol/L or>5.1 mmol/L) wastoo low and not relevantto clinical practice. The clinical
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experts consulted for this review indicated that typically, one would consider intervening
when potassium levelsreach 5.3 mmol/Lto 5.5 mmol/L. Aside from one study, patients
receiving dialysis —a population at particularly high risk of developing hyperkalemia —
were excluded. Potassium levels were frequently monitored in the studies, and patients had
regular clinical visits, which may reflectclinical practice. The clinical experts indicated that
potassium would notbe measured as frequently in a non-emergentor acute setting.

The DIALIZE study permitted titration of the SZC dose up to 15 g once daily and combined
alldoses (5 g to 15 g) in analyses. The 15 g dose is not a Health Canada—approved dose.
However, at the end of the dose titration period, about 19% of patients were receiving 159
of SZC once daily; therefore, the majority were still on approved doses.

The clinical experts consulted for this review indicated that SZC would rarely be used alone
to reduce potassium levels, but would be combined with other modalities, such as diuretics
and dietary modifications. However, the studies examined SZC in isolation, and insufficient
information was provided to assess what other types of interventions were administered and
how frequently.

The outcomesin all studies focused on potassium only. While a reduction in potassium from
a state of hyperkalemia is associated with reduced mortality, the studies were not designed
or powered to assess other clinical outcomes of importance to clinicians and patients, such
as reduction in cardiovascular or kidney morbidity or changesto RAASI therapy. Although
SZC itselfis not expected to have an impacton these clinical outcomes, anindirecteffect
can be anticipated if it prevents the need to reduce or discontinue RAASI therapies. The
studies also did not assess the effecton continuation of RAASI therapy at optimal doses,
although there were some data on changesto RAASI in placebo and active treatment
groups. Patients indicated that their quality of life was adversely affected by having to modify
their dietsto reduce potassium.However, there were limited data available for HRQoL, and
no clear benefitwas presented. No conclusions can be drawn on this outcome.

The studies assessed acute treatmentover 48 hours and maintenance treatmentup to 28
days. Given that the effects of SZC on potassium level are observed over a short period of
time, the study durations were reasonable. However, hyperkalemia can be a chronicissue,
and typically affects patients with impaired kidney function. Therefore, patients may require
treatmentforan extended period — that is, beyond 28 days. In two studies, patients were
given SZC once daily for 11 months or 12 months, and the results provide some evidence
forlong-term safety.

Indirect Evidence

No ITCs were submitted by the sponsor, and none were identified in a literature search.
Palaka et al. assessed the feasibility of conducting an ITC of SZC with other cation-
exchangers.>Ten RCTs were identified for SZC, SPS, CPS, or patiromer. However, the
authors determined thatan ITC was not feasible due to disconnected networks, differences
in dosing of SPS, differenttime points of outcome assessment, and heterogeneity in patient
populations.

Other Relevant Studies

Studies ZS-004E and ZS-005 provide long-term safety and efficacy data for SZC in patients
with hyperkalemia.
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Long-Term Extension and Single-Arm Studies

Methods

Study ZS-004E was an OLE study of Study ZS-004, which was included as a pivotal study in
this review. All patients received SZC orally during the OLE, which consisted of an acute
phase of up to 48 hours followed by an extended-dosing phase of upto 11 months (Table
32). The second study, Study ZS-005, was an open-label study designed to evaluate the
safety and efficacy of SZC (Table 32). Randomization or enrolmentin studies ZS-002, ZS-
003, ZS-004, or ZS-004E was an exclusion criterion for this study. In Study ZS-005, all
patients also received SZC orally for the duration of the study, which consisted of an acute
phase of up to three days and an extended-dosing phase of up to 12 months. Both studies
alsoincluded a follow-up visitthat occurred seven (z 1) days after the end of the study.

Table 32: Overview of Other Relevant Studies

Study design

| Study ZS-004E

Open-label, single-group, multi-centre extension
study

Study ZS-005

Open-label, single-group, multi-centre, multi-dose
maintenance study

Locations

30 sites inthe US, Australia, and South Africa

56 sites inthe US, Australia, Germany, UK,
Netherlands, and South Africa

Treated (N)

123

751

DESIGNS AND POPULATIONS

Study ZS-004

insulin dose not stabilized

receiving dialysis

life expectancy < 3 months

diabetic ketoacidosis

cardiac arrhythmias thatrequired immediate

treatment

e women who were pregnant, lactating, or
planning to become pregnant

e treatmentwith a drug or device withinthe last
30 daysthat had not received regulatory
approval at the time of study entry

Inclusion ¢ completed extended-dosing phase of Study ZS- | e > 18 years of age
criteria 004 e two consecutive i-STAT potassium values
e i-STAT S-K=3.5mmol/Land<6.2 mmol/L measured 60 min (£ 15 min) apart, both
2 5.1 mmol/L (if outside Germany) or
OR > 5.1 mmol/L and 6.5 mmol/L (if in Germany),
« discontinued Study ZS-004 due to hypokalemia and measured within 1 day before the first dose
or hyperkalemia of SZC on acute-phase day 1
e meani-STAT S-K = 3.5 mmol/L and ¢ ableto have repeated blood draws or effective
< 6.2 mmol/L based on two consecutive venous catherization
measurements atO min and 60 min on acute-
phase study day 1/extended-dosing phase
study day 1
Exclusion ¢ pseudo-hyperkalemia ¢ pseudo-hyperkalemia
criteria o alternative treatmentfor hyperkalemia during e treatmentwith lactulose, rifaximin, or other non-

absorbed antibiotics for hyperammonemia
within the last 7 days

e treatmentwith SPS or CPS within the last 3
days

e insulin dose not stabilized

e receiving dialysis

o life expectancy < 3 months

o HIV-positive (except South African sites)

e diabetic ketoacidosis

e cardiac arrhythmiasthatrequired immediate
treatment

e women who were pregnant, lactating, or
planning to become pregnant

¢ treatmentwith a drug or device within the last
30 daysthat had not received regulatory
approval at the time of study entry

e randomization/enrolmentin studiesZS-002, ZS-
003, ZS-004, or ZS-004E
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Study ZS-005

Intervention SZC orally as a suspension in purified water SZC orally as a suspension in purified water
Acute phase (days 1 and 2): 10g t.i.d. Acute phase (days 1 to 3): 10 g t.i.d.
Extended-dosing phase (upto 11 months): 10 g Extended-dosing phase (up to 12 months):
§ g.d. starting dose of 5 g q.d., adjusted based on i-
5 e ifi-STAT potassium >5. 5mmol/L,increase STAT potassium values
doseto 159 g.d.
e ifi-STAT potassium =3.0 mmol/L and
< 3.4 mmol/L,reducedoseto 5 g q.d.
Comparator(s) None None
Phase
) Run-in NA NA
=
2 Open-label Acute phase:up to 48 hours Acute phase:up to 72 hours
a Maintenance phase:upto 11 months Extended-dosing phase:upto 12 months
Follow-up 7 +1 days 7 +1days
Primary end Safety and tolerability (AES) Safety and tolerability (AES)
point Efficacy
e proportion of patients with average S-K
< 5.1 mmol/L from day 8 through month 11
e proportion of patients with average S-K
< 5.5 mmol/L from day 8 through month 11
g Other end Secondary Secondary
S points e mean cumulative MP days normokalemic from e proportion of patients who maintained
5 day 8 throughmonth 11 normokalemia (S-K between 3.5 mmol/L and
© e percentage normokalemic atvarious study days 5.0 mmol/L) until day 365
e mean S-K levelsrelative to acute-phase and e proportion of patients who maintained
maintenance-phase baselines normokalemia (S-K between 3.5 mmol/L and
¢ meanchangein S-K level from study day 337 5.5 mmol/L) until day 365
to EOS
e percentage with normal aldosterone levels
(4.0 ng/dL to 31.0 ng/dL) until day 337
» | Publications Spinowitz (2019)3
5
4

AE = adverse event; CPS = calcium polystyrene sulfonate; EOS = end of study; NA = not applicable; g.d. = every day; S-K = serum potassium; SPS = sodium polystyrene
sulfonate; SZC = sodium zirconium cyclosilicate; t.i.d. =three times a day.

Sources: Study ZS-004E Clinical Study Report;* Study ZS-005 Clinical Study Report.®
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Populations

The key inclusion and exclusion criteria are summarized in Table 32. Briefly, patients were
eligible forinclusion in Study ZS-004E if they completed the maintenance phase of the
parentstudy (Study ZS-004) and had an i-STAT serum potassium level between 3.5 mmol/L
and 6.2 mmol/L, orif they discontinued Study ZS-004 due to hypokalemia or hyperkalemia.
To be eligible forinclusion in Study ZS-005, patients required an i-STAT potassium value
greaterthan or equalto 5.1 mmol/L from two consecutive measurements. There was no
upperlimiton potassium level, except in Germany, where potassium had to be lessthan or
equalto 6.5 mmoliL.

The baseline characteristics corresponding to the acute phase of Study ZS-005 and the
extended-dosing phase of studies ZS-004E and ZS-005 are described in Table 33 and
Table 34, respectively. The characteristics of the acute-phase population of Study ZS-005
were similar to those of the extended-dosing phase. In the extended-dosing phase (Table
34), the mean age of patients was 63.7 years, and the majority were male (57.9% and
59.8% in studies ZS-004E and ZS-005, respectively) and white (88.4% and 83.1%,
respectively). At the acute-phase baseline, serum potassiumlevels were lessthan 5.5
mmol/L for 44.6% of patientsin Study ZS-004E and 38.1% of patientsin Study ZS-005; 5.5
to less than 6.0 mmol/L for43.8% and 45.0%; and greater than or equal to 6.0 mmol/L for
11.6% and 16.9%, respectively. The eGFR was similar between the two studies, with about
74% of patients having an eGFR of less than 60 mL/min/1.73m2 The most common cause
of hyperkalemia in both studies was the use of a RAASI (68.6% and 70.5% for studies ZS-
004E and ZS-005), followed by CKD (62.8% and 68.4%) and DM (66.1% and 62.7%).

Table 33: Summary of Baseline Characteristics in Acute Phase of Study ZS-005

Study ZS-005

SzZC 10 g t.id.
N =751

Mean age (SD), years 63.6 (13.03)
Age range, years 21,93
Male, n (%) 448 (59.7)
Race, n (%)
White 624 (83.1)
Black 89 (11.9)
Asian 25 (3.3)
Other 13 (1.7)
S-K, n (%)
<5.5 mmol/L 287(38.2)
5.5t0 < 6.0 mmol/L 338(45.0)
2 6.0 mmol/L 126 (16.8)
eGFR, n (%)
<60 mL/min/1.73m? 552 (73.5)
= 60 mL/min/1.73m? 190(25.3)
Missing 9(1.2)
Cause of hyperkalemia, n (%)
CKD 513(68.3)
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Study ZS-005

CHF 285(37.9)
DM 471 (62.7)
Use of RAASI 527(70.2)

CHF = congestive heart failure; CKD = chronic kidney disease; DM = diabetes mellitus; eGFR = estimated glomerular filtration rate; RAASI = renin-angiotensin-aldosterone
system inhibitors; SD = standard deviation; S-K = serum potassium; SZC = sodium zirconium cyclosilicate; t.i.d. =three times a day.

Source: Study ZS-005 Clinical Study Report.®

Table 34: Summary of Baseline Characteristics in Extended-Dosing Phase of Studies ZS-
004E and ZS-005

Study ZS-004E Study ZS-005
N=121 N =746
Extended-dosing phase
Mean age (SD), years 63.7 (12.29) 63.7 (13.04)
Age range, years 22,85 21,93
Male, n (%) 70 (57.9) 446 (59.8)
Race, n (%)
White 107 (88.4) 620(83.1)
Black 11 (9.1) 88 (11.8)
Asian 2(1.7) 25(3.4)
Other 1(0.8) 13 (1.7)
Acute-phase baseline S-K, n (%)
<5.5 mmol/L 54 (44.6) 284(38.1)
5.5t0 < 6.0 mmol/L 53 (43.8) 336 (45.0)
> 6.0 mmol/L 14 (11.6) 126 (16.9)
eGFR, n (%)
<60 mL/min/1.73m2 90 (74.4)2 549 (73.7)
=60 mL/min/1.73m2 31(25.6)2 188(25.2)
Missing 02 9(1.2)
Cause of hyperkalemia, n (%)
CKD 76 (62.8) 510(68.4)
CHF 50 (41.3) 283(37.9)
DM 80 (66.1) 468 (62.7)
RAASI 83 (68.6) 525(70.4)

CHF = congestive heart failure; CKD = chronic kidney disease; DM = diabetes mellitus; eGFR = estimated glomerular filtration rate; g.d. = every day; RAASI = renin-
angiotensin-aldosterone system inhibitors; SD = standard deviation; S-K = serum potassium; SZC = sodium zirconium cyclosilicate.

Note: Baseline demographics for Study ZS-004E were only provided for the ITT analysis set.
2 Acute-phase baseline from Study ZS-004.
Sources: Study ZS-004E Clinical Study Report;® Study ZS-005 Clinical Study Report.*

Interventions

Patients entering the acute phase of Study ZS-004E received 10 g of SZC three times a day
with mealsfor either one day (three doses) or two days (six doses), depending on whether
the i-STAT potassium value of the patient was greater than 5.5 mmol/L. During the
extended-dosing phase, patientsbegan on a 10 g dose of SZC once daily, with adjustments
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made to the dose based on i-STAT potassium values thatwere outside of the normal range.
An increase in dose to 15 g once daily was permitted if i-STAT potassium values were
greaterthan 5.5 mmol/L;the dose could be decreased to 5 g once daily if the i-STAT
potassium valueswere 3.0 mmol/L to 3.4 mmol/L.

The interventionsused in Study ZS-005 were similarto those used in Study ZS-004E;
however, the acute phase could be up to three days in length (nine doses), and the starting
dose of SZC during the extended-dosing phase was 5 g once daily, which was also adjusted
based on i-STAT values.

Outcomes

The primary efficacy outcome for Study ZS-004E was the proportion of patients with a mean
serum potassium level of 5.1 mmol/L or less during the extended-dosing phase between
month 1 and month 11 (day 8 to day 337). The proportion of patients who could achieve and
maintain serum potassium levels of 5.5 mmol/L orless was also reported. Central laboratory
data were used to determine serum potassium levels forthese outcomes. The same primary
efficacy end points were used for Study ZS-005, except the mean serum potassium values
were evaluated from month 3to month 12 (day 85 to day 365).

The harms or related outcomes for Study ZS-004E were AEs, vital signs, ECG, physical
examination, chemistry and hematology labs, and tolerability. For the purposes of this
summary, only AEs were reported.

Additional efficacy end points for Study ZS-004E included: the proportion of patients who
were normokalemic (serum potassium 3.5 mmol/L to 5.0 mmol/L), hypokalemic (less than
3.5 mmol/L), or hyperkalemic (greater than 5.0 mmol/L) ateach scheduled visitduring the
extended-dosing phase;a model-based LSM of log-transformed serum potassium; change
and percentage change from acute phase and extended-dosing phase baseline in serum
potassium;log-transformed serum potassium atstudy visits; and mean change in serum
potassium.

The secondary efficacy outcomesin Study ZS-005 were similar to those of Study ZS-004E.
These included: proportion of patients with mean serum potassium between 3.5 mmol/L and
5.5 mmol/L (inclusive) for months 3to 12; mean potassium valuesformonths3to0 12,
months 6 to 9, and months 9 to 12; and the absolute and percentage change in potassium
from the acute-phase baseline. The nominal and percentage change in bicarbonate value
from acute-phase baseline and the proportion of patients with normal bicarbonate values
was also reported.

Statistical Analysis

The safety population of Study ZS-004E was defined as all patients who received at least
one dose of SZC during the extended-dosing phase and had any post-baseline safety data.
The extended-dosing phase safety population for Study ZS-005 was similar, exceptit did not
require post-baseline safety data. These datasets were used for safety analyses of the
extended-dosing phase in both studies. The extended-dosing phase ITT population was
defined in both studies as including patients in the safety population who also had any post-
baseline extended-dosing phase serum potassium values. This population was used for the
primary efficacy analyses of the extended-dosing phase of both studies.

Statistical testing was performed for efficacy outcomes in Study ZS-004E, and an overall
type | errorrate of 5% was maintained using a hierarchical order for hypotheses testing.
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Sample-size calculations were also performed. For the efficacy analysesin Study ZS-005,
95% Cls and t-tests (paired from baseline orindependent two-group) with two-sided P
values were presented where appropriate. Statistical testing was not performed for safety
analysesin either study.

Patient Disposition

The patientdisposition for studies ZS-004E and ZS-005 is summarized in Table 35. A total
of 208 patients completed Study ZS-004; of these, 123 (59.1%) were eligible to enrol in
Study ZS-004E. Two patients who received placebo during the parentstudy had i-STAT
potassium levels greaterthan 5.5 mmol/L;therefore, they entered the acute phase of Study
ZS-004E. The remaining 121 wentdirectly into the extended-dosing phase. In Study ZS-
005, 1,561 patientswere screened and 751 (48.1%) entered the study. All patients were
treated during the acute phase, and 746 (99.3%) continued into the extended-dosing phase.

The proportion of patients who completed the extended-dosing phase was similar across
studies: 64.2% for Study ZS-004E and 62.5% for Study ZS-005. The most common reasons
fordiscontinuation in Study ZS-004E and Study ZS-005, respectively, included: withdrawal
of consent (7.3% and 10.9%), AEs (5.7% and 6.8%), patientcompliance (2.4% and 2.3%),
investigator decision (2.4% and 1.1%), and lossto follow-up (1.6% and 4.2%). Expected
progression of CKD was also a common reason for discontinuation, and was almostdouble
in Study ZS-004E (9.8%) compared to Study ZS-005 (5.4%). A greater proportion of patients
in the Study ZS-004E study discontinued because they metECG withdrawal criteria as well
(2.4% versus 0.9%). Eight deaths (1.1%) led to discontinuation in Study ZS-005. No deaths
were reported in Study ZS-004E.
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Table 35: Patient Disposition in the Acute and Extended-Dosing Phases of Studies ZS-004E
and ZS-005

Study ZS-004E Study ZS-005

SzZC10g tid.

Acute phase
Screened, N 208 1,561
Entered study, N (%) 123(59.1) 751(48.1)
Treated during AP, N (%) 2 (100) 751 (100)
Completed, N (%) - 746 (99.3)
Discontinued, N (%) - 5(0.7)
Safety, N 2 751
ITT, N 2 749
Extended-dosing phase
Entered, N (%) 123 (100) 746 (99.3)
Treated during EDP, N (%) 123 (100) 746 (100)
Completed, N (%) 79 (64.2)2 466 (62.5)
Discontinued, N (%) 44 (35.8) 280(37.5)
AE 7(5.7) 51 (6.8)
Consentwithdrawn 9(7.3) 81 (10.9)
Patientcompliance 3(2.4) 17 (2.3)
Investigator decision 3(2.4) 8(1.1)
Lost to follow-up 2(1.6) 31(4.2)
Sponsordecision - 5(0.7)
Protocol violation - 2(0.3)
Hypokalemia or hyperkalemia 2 (1.6)° 14 (1.9)
Expected progression of 12 (9.8) 40 (5.4)
CKD
Death - 8(1.1)
Met electrocardiogram 3(24)¢ 7 (0.9)
withdrawal criteria
Other 3 (2.4) 16 (2.1)
Safety, N 123 746
ITT, N 121 734

AE = adverse event; AP = acute phase; CKD = chronic kidney disease; ECG = electrocardiogram; EDP = extended-dosing phase; ITT = intention-to-treat; g.d. = every day;
SZC = sodium zirconium cyclosilicate; t.i.d. =three times a day.

Note: See intervention subsection for details regarding dosage adjustments during the extended-dosing phase.

2Includes 15 patients who completed 56 days of dosing under the original protocol, seven who completed 140 days of dosing under Amendment 1 of the protocol, and 57
who completed 336 days of dosing under Amendment 3 of the protocol.

> One patient who prematurely discontinued due to hyperkalemia also had a serious AE of hyperkalemia recorded; the study drug was withdrawn.

¢All three patients who prematurely discontinued due to meeting ECG withdrawal criteria also had AEs of electrocardiogram QT prolonged (two patients) and right bundle
branch block (one patient) recorded; the study drug was withdrawn.

90ne patient was withdrawn at the request of their primary care physician, who felt their edema had worsened; one was withdrawn as their primary care physician had
introduced a potassium supplement to medications; and one was withdrawn in error as the investigator mistakenly thought the patient met ECG stopping criteria.

Sources: Study ZS-004E Clinical Study Report;® Study ZS-005 Clinical Study Report.®
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Exposure to Study Treatments

As previously described, two patients entered the acute phase of Study ZS-004E and 751
entered the acute phase of Study ZS-005. The two patients who entered the acute phase of
Study ZS-004E eachrequired one day of dosing (with three SZC 10 g doses) to meetthe
criteria for entry into the extended-dosing phase. The mean (SD) number of doses and
number of days on treatmentwere similar between the two studies, with patients having
taken 3.0 (0) and 3.6 (1.47) doses in studies ZS-004E and ZS-005, respectively. Patients
were on treatmentfor about one day, and all received 10 g SZC exclusively (Table 36).

There were more differencesin terms of exposure to treatmentduring the extended-dosing
phase of the studies (Table 36). The mean (SD) number of doses received and number of
days on treatmentwas 208.4 (127.32)and 212.9 (129.06) in Study ZS-004E, and 278.2
(122.10)and 286.2 (122.42) in Study ZS-005. The mean (SD) dose received by patientsin
Study ZS-004E was 9.960 g (1.8257), which was slightly greater than what patientsin Study
ZS-005 received (7.18 g [2.620]). Further, the majority (73.2%) of patientsin Study ZS-004E
received a mean dose of 10 g SZC, whereas the majority (87.0%) of patientsin Study ZS-
005 received a meandose of 5 g to lessthan 10 g SZC.

Table 36: Exposureto Treatment in the Extended-Dosing Phase of Studies ZS-004E and ZS-
005

Study ZS-004E Study ZS-005

SzZC 1049 g.d. SZC5g q.d.
N =123 N =746

Extended-dosing phase
Number of doses, mean (SD) 208.4(127.32) 278.2(122.10)
Days on treatment, mean (SD) 212.9(129.06) 286.2(122.42)
Mean dose received (g), mean (SD) 9.960 (1.8257) 7.18 (2.620)
Mean dose received by patient (g), mean (SD)
<5g 2(1.6) 23(3.1)
5gto<10g 15 (12.2) 649 (87.0)
10g 90 (73.2) 0
>10¢ 16 (13.0) 74 (9.9)

g.d. = every day; SD = standard deviation; SZC = sodium zirconium cyclosilicate.
Sources: Study ZS-004E Clinical Study Report;* Study ZS-005 Clinical Study Report.®

Efficacy

Only two patients required acute-phase dosing in Study ZS-004E. Both were treated with
placebo inthe parentstudy (Study ZS-004) and had i-STAT potassium values of 5.9 mmol/L
and 5.8 mmol/L atthe end of the study. After one day of dosing with SZC 10 g three times
daily, both patients had i-STAT potassium values within the normal range (4.9 mmol/L and
5.0 mmol/L) and entered the extended-dosing phase. In Study ZS-005, 77.9% (95% ClI,
0.748to 0.809) of patients had serum potassium levels within the normokalemicrange (3.5
mmol/Lto 5.0 mmol/L) after 72 hours, and 92.5% (95% CI, 0.904 to 0.943) had serum
potassium levels between 3.5 mmol/L and 5.5 mmol/L after 24 hours. By 72 hours, 98.7%
(95% Cl, 0.976 to 0.994) had potassium values between 3.5 mmol/L and 5.5 mmol/L.
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Acute phase
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Study ZS-005

SZC10g t.id.
N =749

Proportion of patients with S-K values 3.5 mmol/L to 5.0 mmol/L

24 hours, n 494
Proportion (95% CI) 0.660 (0.625 to 0.694)
48 hours, n 563
Proportion (95% Cl) 0.753(0.720 to 0.783)
72 hours,n 583

Proportion (95% CI)

0.779(0.748 to 0.809)

Proportion of patients with S-K values 3.5 mmol/L to 5.5 mmol/L

24 hours,n 692
Proportion (95% CI) 0.925(0.904 to 0.943)
48 hours, n 732
Proportion (95% CI) 0.979(0.965 to 0.988)
72 hours,n 738

Proportion (95% Cl)

0.987(0.976 to 0.994)

CIl = confidence interval; S-K = serum potassium; SZC = sodium zirconium cyclosilicate; t.i.d. =three times a day.
Source: ZS-005 Clinical Study Report.*

During the extended-dosing phase of Study ZS-004E, the proportion of patients with mean
serum potassium values of 5.1 mmol/L or lower was 88.3% (95% Cl, 0.812to 0.935)on
average, which was statistically significant (P < 0.0001),and 86.0% (95% CI, 0.8321to0 0.884)
in Study ZS-005 (Table 38). Both studies also reported the proportion of patients with serum
potassium values of 5.5 mmol/L orless. Nearly all patientsin both studies met these criteria
(100% in Study ZS-004E and 98.5% in Study ZS-005); this was statistically significantin
Study ZS-004E as well (Table 38). The proportions of patients with mean serum potassium
values between 3.5 mmol/L and 5.0 mmol/L and between 3.5 mmol/L and 5.5 mmol/L were
also described (Table 38). The latter was only provided for Study ZS-005. Briefly, on
average during the extended-dosing phase, 79.2% (95% ClI, 0.708 to 0.860) and 78.1%
(95% Cl, 0.749to 0.810) of patients in Study ZS-004E and Study ZS-005 had mean serum
potassium levels between 3.5 mmol/L and 5.5 mmol/L. Further,98.5% (95% CI, 0.973to
0.992) of patientsin Study ZS-005 had mean serum potassium levels between 3.5 mmol/L
and 5.5 mmol/L.

From day 8 to end of treatment,the LSM for serum potassium was similar between both
studies, at 4.66 mmol/L (95% Cl,4.61 to 4.72) for Study ZS-004E and 4.70 mmol/L (95% ClI,
4.68 to 4.72) for Study ZS-005. The change in serum potassium from acute baseline to the
end of treatmentwas statistically significantin both studies (P < 0.001); the change from the
extended-dosing phase baseline was statistically significantin Study ZS-005.
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Table 38: Extended-Dosing Phase Efficacy Results in Studies ZS-004E and ZS-005

Study ZS-004E
SzC 10 g g.d.

(N=121)

Study ZS-005
SZC5g g.d.
N =749

Extended-dosing phase

Proportion of patients with mean S-K values
< 5.1 mmol/L

Day 8
N 120 733
Proportion (95% CI) 0.875(0.802 to 0.928) 0.767 (0.734 to 0.797)
Day 337/365 exit
N 120 734
Proportion (95% CI) 0.783(0.699 to 0.853) 0.827(0.798 to 0.854)
Days 8 to 337/365 (average)
N 120 734
Proportion (95% CI) 0.883(0.812 to 0.935) 0.860(0.832 to 0.884)
P value <0.0001 NR
Proportion of patients with mean S-K values
< 5.5 mmol/L
Day 8
N 120 733
Proportion (95% CI) 0.950(0.894 t0 0.981) 0.929(0.908 to 0.947)
Day 337/365 exit
N 120 734
Proportion (95% CI) 0.942(0.884 t0 0.976) 0.937(0.917 to 0.954)
Days 8 to 337/365 (average)
N 120 734
Proportion (95% CI) 1.000 (0.970 to 1.000) 0.985(0.973 to 0.995)
P value <0.0001 NR
Proportion of patients with mean S-K values between
3.5 mmol/L and 5.0 mmol/L
Day 8
N 120 733
Proportion (95% CI) 0.833(0.754 to 0.895) 0.711(0.676 to 0.743)
Day 337/365 exit
N 120 734
Proportion (95% CI) 0.725(0.636 to 0.803) 0.764 (0.732 t0 0.795)
Days 8 to 337/365 (average)
N 120 734
Proportion (95% ClI) 0.792(0.708 to 0.860) 0.781(0.749 t0 0.810)
P value NR NR

Proportion of patients with mean S-K values between
3.5 mmol/L and 5.5 mmol/L

Day 8
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Study ZS-005

SZC 10 g g.d. SZC5g q.d.
(N =121) N =749
N NR 733
Proportion (95% CI) 0.929(0.908 to 0.947)
Day 337/365 exit
N 734
Proportion (95% CI) 0.913(0.890 to 0.932)
Days 8 to 337/365 (average)
N 734
Proportion (95% CI) 0.985(0.973 to 0.992)
LSM S-K (days 8 to 337/365)
LSM (95 % CI), mmol/L 4.6625(4.6081t0 4.7175) 4.7022 (4.680910 4.7235)
Change in S-K at day 337/365 exit
From acute-phase baseline
N 120 734
Mean change (SD), mmol/L —0.85(0.698) -0.98(0.714)
P value <0.001 <0.001
From extended-dosing phase baseline
N 120 734
Mean change (SD), mmol/L —0.09(0.778) —-0.13(0.650)
P value NS <0.001

Cl = confidence interval; LSM = least squares mean; ¢.d. = every day; SD = standard deviation; S-K = serum potassium; SZC = sodium zirconium cyclosilicate.
Sources: Study ZS-004E Clinical Study Report;* Study ZS-005 Clinical Study Report.®

The mean serum potassium levels (mmol/L) during the extended-dosing phases of studies
ZS-004E and ZS-005 are presented in Figure 11 and Figure 12, respectively. The mean
serum potassium levels remained within the parameters for normokalemia (3.5 mmol/L to
5.0 mmol/L,inclusive) for the duration of the extended-dosing phase in each study: 337 days
for Study ZS-004E and 365 days for Study ZS-005. Mean serum potassium levelsincreased
at the end-of-study follow-up visitand after discontinuation of treatmentin both studies. In
Study ZS-004E, the mean serum potassium level increased from 4.71 (95% Cl, 4.60 to 4.82)
t0 5.03 (95% Cl, 4.92 to 5.14) at end of study; in Study ZS-005, itincreased from 4.61 (95%
Cl, 45710 4.65)to 4.98 (95% ClI, 4.92to 5.03) at end of study (Table 39).
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Figure 11: Mean Serum Potassium (£ 2 Standard Error) in Extended-Dosing Phase of Study
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Source: Study ZS-004E Clinical Study Report.*

Figure 12: Mean Serum Potassium (= 95% Confidence Interval) in Extended-Dosing Phase

of Study ZS-005
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Table 39: Mean Serum Potassium Levels in Extended-Dosing Phase of Studies ZS-004E and
ZS-005

Study ZS-004E Study ZS-005
SzZC 1049 g.d. SZC 59 q.d.
N=121 N =749
Extended-dosing phase
Serum potassium (mmol/L)
Extended-dosing phase baseline
n 121 734
Mean (95% CI) 4.79 (4.69 to 4.89) 4.75 (4.72t0 4.77)
Day 337 or 365/exit
n 120 734
Mean (95% CI) 4.71 (4.60to 4.82) 4.61 (4.57 to 4.65)
EOS
n 98 597
Mean (95% Cl) 5.03 (4.92t0 5.14) 4.98 (4.92to 5.03)

CIl = confidence interval; EOS = end of study; g.d. = every day; SZC = sodium zirconium cyclosilicate.
Sources: Study ZS-004E Clinical Study Report® and Study ZS-005 Clinical Study Report.*

Harms

No harms data were available for the acute phase of Study ZS-004E. During the acute
phase of Study ZS-005, 31 (4.1%) patients reported experiencing an AE, with the most
common being nausea (n=4), urinary tract infection (n = 4), constipation (n =2), and
diarrhea (n = 2) (Table 40). One patient reported experiencing an SAE (urinary tract
infection) and two reported WDAES, and no deaths occurred. Regarding notable harms,
acute renal failure, hypertension, palpitations, and peripheral edema were reported (one
case each) during the acute phase in Study ZS-005. There were also 10 (1.3%)
gastrointestinal-related AEs.

Table 40: Harms in Acute Phase of Study ZS-005

Study ZS-005

Acute phase SZC 10 g t.i.d.
N =751
Patients with > 0 AEs, N (%) 31(4.1)
Most common AEs (> 1 patient)
Constipation 2(0.3)
Diarrhea 2(0.3)
Nausea 4 (0.5)
Urinary tract infection 4 (0.5)
Patients with > 0 SAEs, N (%) 1(0.1)
WDAEs, N (%) 2(0.3)
Deaths, N (%) 0
Notable harms
Acute renal failure 1(0.1)
Gastrointestinal 10 (1.3)
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Study ZS-005

Acute phase SZC 10 g t.i.d.
N =751
Hypertension 1(0.1)
Palpitations 1(0.1)
Peripheral edema 1(0.1)

AE = adverse event; SAE = serious adverse event; SZC = sodium zirconium cyclosilicate; t.i.d. =three times a day; WDAE = withdrawal due to adverse event.
Sources: Study ZS-004E Clinical Study Report;* Study ZS-005 Clinical Study Report.®

During the extended-dosing phase, 66.7% and 65.5% of patientsin studies ZS-004E and
ZS-005, respectively, reported AEs (Table 41). Rates of AEs were similar between the two
studies, exceptfor nausea, which occurred just over twice as frequently in Study ZS-005
(7.5%) as in Study ZS-004E (3.3%). Chest pain and acute renal failure were also more
common in Study ZS-005 (3.8% and 4.4%, respectively) compared to Study ZS-004E (0.8%
and 1.6%, respectively); they are also included as notable harms for this review. The most
frequently occurring AEs in studies ZS-004E and ZS-005 were: hypertension (12.2% and
11.0%, respectively), peripheral edema (8.1% and 9.7%), urinary tract infection (8.9% and
7.9%), constipation (5.7% and 6.4%), anemia (5.7% and 5.9%), upper respiratory tract
infection (4.1% and 5.0%), muscle spasms (4.9% and 3.1%), vomiting (3.3% and 4.8%), and
diarrhea (3.3% and 4.4%). Hypertension, peripheral edema, and gastrointestinal disorders
(constipation, vomiting, and diarrhea) were also notable harms for this review.

Serious AEs were reported by 19.5% of patientsin Study ZS-004E and 21.6% of patients in
Study ZS-005 during the extended-dosing phase (Table 41) Congestive cardiac failure,
chronic obstructive pulmonary disease, pneumonia, and urinary tract infection were the only
SAEs reported in more than one personin Study ZS-004E (each was reported in two
patients, or 1.6%). The mostcommon SAEs reported in Study ZS-005 during the extended-
dosing phase were: pneumonia (1.9%), congestive cardiac failure (1.5%), chestpain (1.5%),
osteomyelitis (1.1%), and acute renal failure (1.1%). A greater proportion of patientsin Study
ZS-005 study reported a WDAE (13.7% versus 8.9% in Study ZS-004E), with cardiac failure
(1.5%) and acute renal failure (1.2%) being the most common reasons (Table 41). The most
common reason for WDAE in Study ZS-004E was an ECG with a prolonged QT interval.
There were no deaths in Study ZS-004E; there were eightdeaths (1.1% of patients) in Study
ZS-005 (Table 41). None of the deaths were considered related to the study drug. A number
of notable harms were reported in the two studies (Table 41), some of which have been
previously described. Among AEs that have not yet been discussed, fatigue was twice as
common in Study ZS-005 (1.9%) as in Study ZS-004E (0.8%), and hypokalemiawas
reported in 1.5% of patientsin Study ZS-005. Cardiac disorders (8.9% in Study ZS-004E
and 9.9% in Study ZS-005), gastrointestinal disorders (18.7% and 22.4%), hypertension
(12.2% and 11.0%), and peripheral edema (8.1% and 9.7%) were potential safety sighals to
consider.
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Table41: Harms in Extended-Dosing Phase of Studies ZS-004E and ZS-005

Study ZS-004E Study ZS-005
SZC 1049 q.d. SZC5g q.d.

N =123 N =746
Extended-dosing phase
Patients with > 0 AEs, N (%) 82 (66.7) 489 (65.5)
Most common AEs (= 2% of patients)
Abdominal pain 3(2.4) 7(0.9)
Anemia 7 (5.7) 44 (5.9)
Arthralgia 3(2.4) 19 (2.5)
Back pain 3(2.4) 11(1.5)
Blood ureaincrease 3(24) 2(0.3)
Bronchitis 1(0.8) 18 (2.4)
Cardiacfailure 3(24) 5(0.7)
Cardiacfailure, congestive 2(1.6) 24 (3.2)
Cardiac murmur 0 16 (2.1)
Cellulitis 0 21 (2.8)
Chest pain 1(0.8) 28 (3.8)
Constipation 7 (5.7) 48 (6.4)
COPD 3(2.4) 7(0.9)
Cough 3(2.4) 22 (2.9)
Diarrhea 4 (3.3) 33 (4.4)
Dizziness 3(24) 17 (2.3)
Dyspnea 1(0.8) 31(4.2)
Edema 4 (3.3) 15 (2.0)
Edema, peripheral 10 (8.1) 72 (9.7)
Fall (injury) 0 22 (2.9)
Gastroenteritis 3(2.4) 10 (1.3)
Gout 4(3.3) 18 (2.4)
Headache 4 (3.3) 23 (3.1)
Hyperlipidemia 4(3.3) 0
Hyperkalemia 1(0.8) 19 (2.5)
Hypertension 15 (12.2) 82 (11.0)
Hypomagnesemia 3(2.4) 2(0.3)
Influenza 3(24) 10 (1.3)
Muscle spasms 6(4.9) 23 (3.1)
Nausea 4(3.3) 56 (7.5)
Nasopharyngitis 2(1.6) 19 (2.5)
Painin extremity 1(0.8) 17 (2.3)
Pneumonia 3(2.4) 24 (3.2)
Renal failure, acute 2(1.6) 33 (4.4)
Seasonal allergy 3(2.4) 2(0.3)
Sinusitis 2(1.6) 15 (2.0)
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Study ZS-004E Study ZS-005

N =123 N =746
Skin ulcer 0 19 (2.5)
Upper respiratory tract infection 5(4.1) 37 (5.0)
Urinary tract infection 11 (8.9) 59 (7.9)
Vomiting 4 (3.3) 36 (4.8)
Patients with > 0 SAEs, N (%) 24 (19.5) 161 (21.6)
Most common SAEs (> 1 patient)
Acute myocardial infarction 1(0.8) 6 (0.8)
Acute respiratory failure 0 5(0.7)
Cardiacfailure 1(0.8) 4 (0.5)
Cardiacfailure, congestive 2(1.6) 11 (1.5)
Cellulitis 0 7(0.9)
Chest pain 1(0.8) 11 (1.5)
COPD 2(1.6) 3(04)
Dyspnea 0 5(0.7)
Hyperkalemia 1(0.8) 4 (0.5)
Hypertension 0 4 (0.5)
Hypoglycemia 0 4 (0.5)
Osteomyelitis 0 8(1.1)
Pneumonia 2(1.6) 14 (1.9)
Renal failure, acute 0 8(1.1)
Renal failure, chronic 0 4 (0.5)
Skin ulcer 0 4 (0.5)
Urinary tract infection 2(1.6) 4 (0.5)
WDAEs, N (%) 11 (8.9) 102 (13.7)
Most common reasons (= 1% of patients)
Cardiacfailure 1(0.8) 11 (1.5)
Electrocardiogram QT prolonged 2(1.6) 0
Renal failure, acute 0 9(1.2)
Deaths, N (%) 0 8(1.1)
Myocardial infarction 0 1(0.1)
Cystitis, hemorrhagic 0 1(0.1)
Dyspneaand abnormal ECG 0 1(0.1)
Cardiac arrest and toxicity to various drugs 0 1(0.1)
Interstitial lung disease 0 1(0.1)
Heartinjury 0 1(0.1)
Renal failure, chronic 0 1(0.1)
Hypercapnia and respiratory failure 0 1(0.1)
Notable Harms
Renal failure 2(1.6) 1(0.1)
Acute renal failure 2(1.6) 33(4.4)
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Study ZS-004E

Study ZS-005

N =123 N =746
Chronicrenal failure 2(1.6) 12 (1.6)
Cardiac disorders 11 (8.9) 74 (9.9)
Cardiacdisordersin = 1% of patients
Atrial fibrillation 0 12 (1.6)
Cardiacfailure 3(2.4) 5(0.7)
Cardiacfailure, congestive 2(1.6) 24 (3.2)
Edema 4 (3.3) 15 (2.0)
Face edema 0 2(0.3)
Generalized edema 0 4 (0.5)
Peripheraledema 10 (8.1) 72 (9.7)
Chest pain 1(0.8) 28 (3.8)
Fatigue 1(0.8) 14(1.9)
Gastrointestinal disorders 23 (18.7) 167 (22.4)
Blood creatine increase 2(1.6) 9(1.2)
Hypertension 15 (12.2) 82 (11.0)
Hypokalemia 0 11 (1.5)

AE = adverse event; COPD = chronic obstructive pulmonary disease; ECG = electrocardiogram; g.d. = once daily; SAE = serious adverse event; SZC = sodium zirconium
cyclosilicate; WDAE = withdrawal due to adverse event.

Sources: Study ZS-004E Clinical Study Report;* Study ZS-005 Clinical Study Report.®

Critical Appraisal
Internal Validity

Studies ZS-004E and ZS-005 were single-arm, open-label studies. The absence of a
comparator arm limits the ability to interpret their safety and efficacy results and to estimate
the effectof any possible biasintroduced by the open-label design. Statistical testing was
performed using a pre-specified statistical hierarchy for the primary and secondary efficacy
outcomesin Study ZS-004E; however,the same was not done in Study ZS-005. In Study
ZS-005, t-tests were performed where appropriate, butno adjustments for multiplicity were
made. In addition, Study ZS-004E may have been underpowered, as it was reported that as
few as 140 patients would be sufficientfor 90% power for the primary outcome, which was
based on 121 patientsin the reported study results. Study ZS-005 did not perform any
prospective sample-size calculations.

The discontinuation rates during the extended-dosing phase in both studies were high, at
35.8%in Study ZS-004E and 37.5% in Study ZS-005,. Further, one of the mostcommon
reasons for discontinuation was withdrawal of consent(7.3% and 10.9% in Study ZS-004E
and Study ZS-005); the potential for attrition bias should be considered. Serum potassium
data were imputed for missing valuesin Study ZS-004E. Imputation of data was not
performed in Study ZS-005; however, the sponsor reported that a post hoc comparison of
serum potassium values and the change from the acute phase and extended-dosing phase
forthose who dropped out of Study ZS-005 versus those who did not was performed. No
apparentdifference was observed;therefore, itwas reported that missing data likely did not
have an effecton the estimates.
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External Validity

The baseline characteristics suggestthat the populations enrolled in the two studies are
appropriate forthe target population of SZC, except for the baseline serum potassium levels.
More specifically, 44.6% and 38.1% of patients enrolled in the extended -dosing phase of
studies ZS-004E and ZS-005 had acute-phase baseline serum potassium values of less
than 5.5 mmol/L. According to the clinical experts assigned to this review, hyperkalemiais
not of clinical concern until serum potassium values are greater than 5.5 mmol/L, which
suggeststhat a large portion of patients included in these studies are “healthier” than the
population forwhom SZC would be clinically relevant,in terms of serum potassium levels.

The background care provided in the two studies may have also affected the generalizability
of the study results. As per protocol, adjustments to the dosing of SZC were permitted based
on patients’ serum potassium levels. Concomitantmedications were also permitted
throughoutthe study, which included dose optimization of RAASI and initiation of new
hyperkalemia- or hypokalemia-related treatments. As such, patients had frequentaccessto
a clinician along with their scheduled study visits, which occurred approximately every four
weeks at most. It is uncertain whether a patient would have accessto this frequency of care
in clinical practice, which should be considered when reviewing the results of a long-term
treatmentthat would be used daily.

Discussion

Summary of Available Evidence

The main evidence for SZC consisted of five DB RCTs. Two studies (ZS-003 and ZS-
D9482) had a randomized, placebo-controlled acute phase for the first 48 hours of
treatment. Four studies (ZS-003, ZS-004, ZS-D9480, and DIALIZE) had a randomized,
placebo-controlled maintenance phase thatlasted 12 days or 28 days. Across the studies,
895 patients were evaluated for acute treatmentand 946 for maintenance treatment atthe
Health Canada—approved doses. In the acute phase, SZC was administered atvarious
dosesthree timesdaily, and in the maintenance phase, treatmentwas administered at
various doses once daily. However, for this review, only Health Canada—approved doses
were evaluated. The studies examined several efficacy outcomes related to serum
potassium levels and harms.

A heterogeneous, older patient population with various conditions (e.g., CKD) and
medications (e.g., RAASI) related to potassium level were included in the studies. Patients
were in the range of mild to moderate hyperkalemia atbaseline . The cause of hyperkalemia
formost patients was CKD. The only data available for patients on dialysis were from
DIALIZE, as all other studies excluded this population. Long-term data for SZC were
available from one OLE of Study ZS-004 (Study ZS-004E) with 123 patients and one single-
arm, open-label study (Study ZS-005) with 751 patients. In studies ZS-004E and ZS-005,
patients received SZC 10 g once daily over an extended-dosing period forupto 11 months
or 12 months, respectively. In both studies, treatmentcould be titrated downto 5 g or up to
15 g once daily; however, most patients were on 10 g or less.
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Interpretation of Results

Efficacy
Acute Phase

Studies ZS-003 and ZS-D9482 found thatthe exponential rate of potassium change was
statistically significantly higherin the negative direction (i.e., there was a greater decrease in
potassium) with SZC 10 g three times daily compared with placebo over 48 hours. More
than three-quarters (77%) of patients treated with SZC achieved normokalemia in 24 hours
compared with half (49%) of those who received placebo. Therefore, SZC appears
efficacious compared with placebo in normalizing potassium levelsin the acute phase. The
absence of comparisons with other potassium binders and treatments to reduce potassium
levels makesit difficultto interpretthe relative clinical benefitof the drug. In subgroups
based on eGFR, starting serum potassium, RAASi medication use, congestive heartfailure,
and CKD, there was a greater decrease in serum potassium, and normokalemia was
achieved by more patients who received SZC than placebo.

Maintenance Phase

Patients entered the maintenance phase of studies if they achieved normokalemia after 48
hours of treatmentin the acute phase. Across the studies, a consistent effectin favour of
SZC versus placebo was observed regarding stabilization of potassium level, lower mean
serum potassium, more patients remaining normokalemic, higher number of days
normokalemic,and longertime to return to hyperkalemia atthe end of the maintenance
phase. All studies conducted exploratory analyses of subgroups, such as patients with
differentdegrees of eGFR impairment, CKD, heart failure, and use of RAASI, and found
effectsin favour of SZC. Given the relatively small sample size, more study is warranted to
identify the potential disparity in maintaining treatmenteffectby differentlevel of kidney
impairmentas measured by eGFR categories (e.g., < 30 mL/min/1.73m?perthe sponsor’s
listing request). It is also noteworthy that many (50% to 80%) of the patients who were
observed maintaining the study drug’s treatment effect were using RAASI medications .
Among patients on hemodialysis, DIALIZE found that more patients on SZC maintained a
pre-dialysis serum potassium of 4.0 mmol/L to 5.0 mmol/L and did not require rescue
therapy.

As mentioned, SZC appearsto normalize serum potassium levels in the acute phase and
maintains normokalemia longer than placebo. Interpreting the clinical relevance of these
results is difficultbecause of the lack of director indirectcomparative evidence with other
treatments. Due to concerns about the safety of SPS, as described in more detail inthe
harms section, direct comparisons with this drug may be difficultto carry out, although
comparisons with patiromer or non-pharmacological treatments for hyperkalemia would be
feasible. The sponsor initiated a DB, head-to-head, RCT comparison of SPS with SZC, but
the trial wasterminated early by an independent data safety monitoring board due to
concerns aboutthe safety of SPS. As well, there were limited data available to measure
quality of life, which was mentioned by patients as an importantoutcome, especially in the
context of the dietary changes needed to manage hyperkalemia. One study measured
HRQoL using the EQ-5D-5L. However, no apparentdifferences were observed between
SZC versus placebo, and this study was not designed to measure quality of life. None of the
studies were designed or powered for the clinical outcomes of interest, such as
cardiovascular and kidney morbidity. There were limited data on hospitalizations and RAASI
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dose reduction or discontinuation. The clinical experts consulted for this review indicated
that a key outcome is the maintenance of optimal RAASi dose, given the morbidity and
survival benefits of these drugs in patients with cardiovascular and/or kidney disease.

Of the available potassium binders (Table 5), SPS hasbeen used forthe longesttime
(approved by the FDA in 1958).4 It binds to potassium in the large intestine in exchange for
sodium, with one gram binding to about0.5 mmol/L to 1.0 mmol/L potassium.* Among 33
outpatients with CKD whose potassium levelswere 5.0 mmol/L t0 5.9 mmol/L, SPS30 g
once daily for seven days decreased serum potassium levels by 1.04 mmol/L compared with
placebo.*CPS is another potassium binder thatexchanges potassium for calcium,
potentially avoiding the undesirable effects of sodium retention, although itmay be less
effective than SPS.34% Patiromeris a more recently approved binder thatexchanges
potassium for a calcium-sorbitol complex, with one gram binding to more than 8 mmol/L of
potassium.*Patiromer has been found to reduce serum potassium more effectively than
placebointhree RCTs of about 700 patientsin total.* Among 243 patients with CKD and
hyperkalemia, patiromerled to a mean reduction in potassium of 1.01 mmol/L by the third
day.* Patiromer has been found to lower serum potassium and achieve normokalemia for up
to 52 weeks while RAASI therapy was maintained.2As with SPS, SZC exchanges potassium
forsodium, although itis more specific for potassium ions. One gram of SZC binds to about
3 mmol/L potassium.* There are currently no direct treatmentcomparisons or ITCs to
evaluate the efficacy of SZC versus other potassium binders.

Harms

Acute Phase: The more frequent (> 1%) AEs in the acute phase were constipation, diarrhea,
vomiting, and edema. There were three WDAES in patients who received SZC. No patient
who received SZC had an SAE, and there were no deaths. Of the notable harms,
constipation,edema, hypokalemia, atrial fibrillation, palpitations, hypertension, and
ventricular extrasystoles were slightly more common with SZC than with placebo. One
patientin an open-label acute phase experienced intestinal obstruction.

Maintenance Phase

Across three studies, SAEs were experienced by six patients who received SZC 10g, 12
patients who received SZC 5 g, and four patients who received placebo. There were eight
patients with WDAEs in the 10 g group, 14 in the 5 g group, and four in the placebo group.
In DIALIZE, SAEs were experienced by seven patients on SZC and eight patients on
placebo. There were three deaths in the maintenance phase across the four studies. One
patientwho received SZC 5 g died from respiratory distress; one patientreceiving 10 g died
of myocardial infarction; and one patienton dialysis randomized to SZC in the DIALIZE
study died of peripheral arterial occlusive disease.

Of the notable harms, constipation was more frequentwith SZC 10 g. One patienton 5 g
had a small intestinal obstruction. Edema or peripheral edema were observed in most
studies. This is not surprising, given the mechanism of action of SZC. The clinical experts
consulted for this review noted that this as an importanteffectthatmay have implications for
much of the population atrisk for hyperkalemia, notably those with cardiovascular and/or
kidney disease. Because there is no duration of treatment specified with SZC, longer-term
use with edema may affect outcomes for this patient population. Hypokalemia was observed
more frequently with higher doses. In Study ZS-004, it occurred in eight patientsin the 109
group, butin nonein the 5 g or placebo groups. In Study ZS-D9480, one patientin the 10 g
group experienced hypokalemia; there were no casesin the 5 g or placebo groups. In
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DIALIZE, five patientsin both the placebo and SZC groups experienced pre-dialysis
hypokalemia.

During the extended-dosing phases of studies ZS-004E and ZS-005, 66.7% and 65.5% of
patients reported an AE, 19.5% and 21.6% reported an SAE, 8.9%, and 13.7% reported a
WDAE, respectively. Eight(1.1%) deaths were reported in Study ZS-005, none of which
were considered related to the study drug. Hypertension, peripheral edema, and
gastrointestinal disorders (i.e., constipation, vomiting, and diarrhea) were some of the most
frequently occurring AEsin the two studies, and were notable harms for this review. None of
the SAEs were reported in more than 2% of patientsin either study. The mostcommon
reasons for WDAEs included cardiac failure and acute renal failure in Study ZS-005 and an
ECG with a prolonged QT interval in Study ZS-004E.

The patientinput summary mentioned a dislike for the texture and taste of the potassium
binder, SPS. Potassium binders are administered as an oral suspension, and palatability
may be anissue. However, no data were available about patients’ perspectives on taking
SZC or whether they considered it palatable.

Among the other available potassium binders, patiromer has been found to have low rates of
AEs, with the most common being mild to moderate constipation, diarrhea, hypokalemia,
and hypomagnesemia.* SPS has caused electrolyte disturbances (e.g., hypokalemia,
hypomagnesemia, hypocalcemia), gastrointestinal effects (e.g., nausea, vomiting, diarrhea,
and constipation), and, of most concern, severe gastrointestinal injuries, such as ulceration,
bleeding, ischemic colitis, and perforation.*%In the SZC studies, two patients experienced
intestinal obstruction, one each in the acute and maintenance phases. There were also
gastrointestinal-related SAEs and WDAESs. Given the similar mechanism of action with
potassium binders, monitoring of gastrointestinal side effects would be warranted for SZC.

Health Canada granted an NOC to SZC on July 25, 2019.° The Health Canada review noted
the higherincidence of edemawith SZC (i.e., 1.8% for5 g, 5.3% for 10 g, and 14.3% for 15
g versus 1.7% with placebo).’ The review indicated that 53% of edema cases were
managed with a diuretic or by adjusting the diuretic dose, with the remainder notrequiring
any treatment. SZC is also approved for the treatmentof hyperkalemiainthe US and
European Union.*?*

Conclusions

SZC is a new potassium binder forthe treatment of hyperkalemiain adults. Five studies
provide evidence forits efficacy compared with placebo for the acute (initial 48 hours) and
maintenance (beyond 48 hours) phases in patients with mild to moderate hyperkalemia. For
the acute treatmentof hyperkalemia, SZC 10 g reduced serum potassium ata higherrate
than placebo over 48 hours. In the maintenance phase, the evidence was consistent in
showing potassium-lowering effects for SZC 5 g or 10 g once daily compared with placebo
over 12 days and 28 days. SZC led to a greater degree of potassium stabilization, lower
mean potassium, a higher proportion of patients who remained normokalemic, a higher
number of normokalemic days, and longertime to hyperkalemia. In a population of patients
requiring dialysis, more patients who received SZC had pre-dialysis potassium levels within
the normal range and did not require rescue therapies. As with other potassium binders,
gastrointestinal effects, such as constipation, may be more common with this medication.
Other AEs that require monitoring are edema and hypokalemia, especially atthe higher
dose of 10 g. A key limitation in the evidence for SZC is that there were no or limited data
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available for outcomes of importance, such as cardiovascular and kidney morbidity, need to
modify RAASI therapies, or quality of life. While patients with eGFR of less than 30
mL/min/1.73m?were included in the trials (sponsor reimbursementrequest), the results of
subgroup analyses for these patients are uncertain due to small sample sizes and
exploratory analyses. There were also no direct treatmentcomparisons or ITCs of SZC with
other potassium binders; therefore, the comparative benefitand safety of this medication
versus other existing therapies are unknown. Overall, while SZC demonstrated efficacy in
reducing serum potassium levels, there is uncertainty as to its added clinical benefit.
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Appendix 1: Literature Search Strategy

Clinical Literature Search

OVERVIEW

Interface:
Databases:

Date of Search:
Alerts:
Study Types:

Limits:

/
MeSH

*

adj#

medall

oemezd

SYNTAX GUIDE

At the end of a phrase, searchesthe phrase as a subjectheading

Medical SubjectHeading

Before a word, indicates that the marked subjectheading is a primary topic;

or, after a word, a truncation symbol (wildcard) to retrieve plurals or varying endings
Requiresterms to be adjacentto each other within # number of words (in any order)

Heading word; usually includes subjectheadings and controlled vocabulary
Author keyword heading word (MEDLINE)

Author keyword (Embase)

Publication type

Original titte (MEDLINE)

Registry number

Candidate term word (Embase)

Ovid database code: MEDLINE All, 1946 to present, updated daily

Ovid database code; Embase, 1974 to present, updated daily

Ovid
MEDLINE All (1946 to present)
Embase (1974 to present)

Note: Subjectheadings have been customized for each database. Duplicates between databases
were removed in Ovid.

June 14, 2019
Biweekly search updates until project completion

Systematic reviews; meta-analyses; network meta-analyses; health technology assessments;
guidelines; overview of reviews; randomized controlled trials; controlled clinical trials; qualitative
studies; observational studies; economic evaluations; costs and cost analysis studie s, and quality of
life studies.

Publication date limit: none

Language limit: none

Conference abstracts: excluded
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MULTI-DATABASE STRATEGY

Line #

© 00 N O O b~ WDN

Search Strategy

(Lokelma*orZS 9 or UXSI 9 or UXSI9 or UZSI 9 or UZSI9 or D652ZWF066).ti,ab kf,ot,hw,rn,nm.
(sodium* adj3 zirconium* adj3 (cyclosilicate* or silicate*)).ti,ab,kf,ot,hw,rn,nm.
ZS9.ti,ab kf,ot,hw,nm.

or/1-3

4 use medall

*sodium zirconium cyclosilicate/

(Lokelma*orZS 9 or ZS9 or UXSI 9 or UXSI9 or UZSI 9 or UZSI9).ti,ab,kw,dg.
(sodium* adj3 zirconium* adj3 (cyclosilicate* or silicate*)).ti,ab,kw,dq.

or/6-8

9 use oemezd

10 not conference abstract.pt.

5o0rll

remove duplicates from 12

CLINICAL TRIAL REGISTRIES

ClinicalTrials.gov Produced by the US National Library of Medicine. Targeted search used to capture registered

clinical trials.
[Search -- Studies with results | lokelma OR (zirconium AND cyclosilicate)]

WHO ICTRP International Clinical Trials Registry Platform, produced by the World Health Organization.

Targeted search used to capture registered clinical trials.
[Search -- Studies with results | lokelma OR (zirconium AND cyclosilicate)]

OTHER DATABASES
PubMed

Searched to capture records not found in MEDLINE. Same MeSH, keywords, limits, and study
types used as per MEDLINE search, with appropriate syntax used.

Cochrane Central Register | Same MeSH, keywords, and limits used as per MEDLINE search, excluding study types and
of Controlled Trials human restrictions. Syntax adjusted for Wiley platform.
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Dates for Search:

Keywords:
disease]

Limits:

June 05, 2019 - June 14, 2019
[Lokelma, sodium zirconium cyclosilicate, hyperkalemia, potassium, kidney disease, and heart

Publication years: all years

Relevant websites from the following sections of the CADTH grey literature checklist
Grey Matters: A Practical Tool For Searching Health-Related Grey Literature
(https://www.cadth.ca/grey-matters) were searched:

health technology assessmentagencies
health economics

clinical practice guidelines

drug and device regulatory approvals
advisories and warnings

drug class reviews

clinical trial registries

databases (free)

health statistics

internetsearch

UpToDate.
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Appendix 2: Excluded Studies
Table 42: Excluded Studies

Reference | Reason for exclusion

CSR for Study ZS-004E% Open-label study
CSR for Study ZS-005% Open-label study
Spinowitz et al. (2019)% Open-label study
Palakaetal. (2018)° Review article
Anonymous (2015)¥ Erratum

Ash etal. (2015)%® Phase Il trial
Kosiborod et al. (2015)% Editorial
Rasmussen (2015)% Letter to editor
Dixon (2014)* Editorial

CSR = Clinical Study Report.
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Appendix 3: Detailed Outcome Data

Acute Phase

Figure 13: Mean Changein Serum Potassium from Baseline to Day 3 (48 hours) for
Subgroups in Study ZS-003 (SZC 10 g Three Times Daily Versus Placebo)

Overall Placebo Z510gTID
N Mean A N Mean A

GFR = 60 mL/min/1.73m**2 : @ 38 -0.34 41 -0.47
GFR 30 to < 60 mL/min/1.73m**2 EEI 60 -0.22 43 -0.79*
GFR 15 to < 30 mL/min/1.73m**2 | : -0.62 44 0.25 42 087
GFR < 15 mL/min/1.73m**2 | i -0.86 15 -0.17 9 -1.03*
Baseline 5-K > 5.5 mmal/L | I 0es 40 -0.42 22 -1.10*
Baseline S-K 5.4 to 5.5 mmol/L [ -0.62 22 -0.37 26 -0.99*
Baseline S-K < 5.3 mmol/L i -0.42 95 -0.15 92 -0.57*
RAASI medication -0.48 101 -0.25 93 -0.73*
Diabetes mellitus -0.49 95 -0.25 80 -0.74*
Congestive heart disease I -0.54 66 -0.24 59 -0.78*
Chronic kidney disease | : -0.61 95 -0.22 80 -0.83*

1 0.5 0 DIS 1

GFR = glomerular filtration rate; RAASI = renin-angiotensin-aldosterone system inhibitor; S-K = serum potassium; SZC = sodium zirconium cyclosilicate; t.i.d. =three times
a day.

Source: Extracted from Clinical Study Report for Study 2S-003.%
Table 43: Achievement of Normokalemia at Day 3 (48 Hours) for Subgroups in Study ZS-003

| Study ZS-003

Placebo SZC10g
S-K<£5.3 mmol/L
N 95 92
n (%) 56 (58.9) 80 (87.0)
P value — <0.0001
S-K 5.4 mmol/L to 5.5 mmol/L
N 22 26
n (%) 10 (45.5) 24 (92.3)
P value — 0.0005
S-K >5.5 mmol/L
N 40 22
n (%) 9(22.5) 17 (77.3)
P value — <0.0001
CKD
N 95 80
n (%) 39 (41.1) 71 (88.8)
P value — <0.0001
CHD
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| Study 7S-003

N 66 59
n (%) 27 (40.9) 50 (84.7)
P value — <0.0001
RAASI therapy
N 101 93
n (%) 50 (49.5) 79 (84.9)
P value — <0.0001
eGFR < 15mL/min/1.73m?
N 15 9
n (%) 4(26.7) 9 (100.0)
P value — 0.0006
eGFR 15 mL/min/1.73m?2to < 30 mL/min/1.73m?2
N 44 42
n (%) 15 (34.1) 40 (95.2)
P value — <0.0001
eGFR 30 mL/min/1.73m2to < 60 mL/min/1.73m?2
N 60 48
n (%) 29 (48.3) 41 (85.4)
P value — <0.0001
eGFR 2 60 mL/min/1.73m?
N 38 41
n (%) 27 (71.1) 31 (75.6)
P value — 0.7995

CHD = congestive heart disease; CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; RAASI = renin-angiotensin-aldosterone system inhibitor;
S-K = serum potassium; SZC = sodium zirconium cyclosilicate.

Note: Subgroup analyses were not part of the sequential closed statistical testing procedure.
Source: Clinical Study Report for Study ZS-003.%

Table 44: Exponential Rate of Serum Potassium Change for Subgroupsin Study ZS-D9482

| Study ZS-D9482

Placebo SZC10g
CKD
N 26 26
48 hours, estimate (SE)? —0.00037 (0.00029) —0.00543(0.00029)
P value® — <0.05
HF
N 4 3
48 hours, estimate (SE)? —0.00014 (0.00099) —0.00532(0.00114)
P value® — <0.05
RAASI medication
N 27 26
48 hours, estimate (SE)2 —0.00018(0.00031) —0.00503(0.00030)
P value® - <0.05

CKD = chronic kidney disease; HF = heart failure; RAASI = renin-angiotensin-aldosterone system inhibitor; SE = standard error; SZC = sodium zirconium cyclosilicate.
Note: Subgroup analyses were not part of the sequential closed statistical testing procedure.

2From a random coefficient model with patient-level random effects for time and intercept and fixed effects for intercept, time, and time by treatment interaction.

5P values were not provided in the sponsor’s submission and were inferred based on 95% confidence intervals.

Source: Clinical Study Report for Study ZS-D9482.%"
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Table 45: Achievement of Normokalemia at 48 Hours for Subgroups in Study ZS-D9482

| Study ZS-D9482

Placebo SZC10g
S-K <5.3 mmol/L
N 6 12
Normokalemia, n (%) 3(50.0) 10 (83.3)
S-K 5.3 mmol/L to 5.5 mmol/L
N 12 12
Normokalemia, n (%) 2(16.7) 12 (100)
S-K >5.5 mmol/L
N 15 12
Normokalemia, n (%) 0 (0) 11 (91.7)
CKD
N 26 26
Normokalemia, n (%) 4 (15.4) 24 (92.3)
P value? — <0.0001
HF
N 4 3
Normokalemia, n (%) 1(25.0) 2 (66.7)
P value? — 0.1547
RAASi medication
N 27 26
Normokalemia, n (%) 4 (14.8) 24 (92.3)
P value? — <0.0001
eGFR < 15 mL/min/1.73m?
N 11 9
Normokalemia, n (%) 3(27.3) 9 (100)
eGFR 15 30 mL/min/1.73m?to < 30 mL/min/1.73m?2
N 11 13
Normokalemia, n (%) 1(9.1) 12 (92.3)
eGFR 30 30 mL/min/1.73m?to < 60 mL/min/1.73m?2
N 11 11
Normokalemia, n (%) 1(9.1) 9(81.8)

CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; HF = heart failure; RAASI = renin-angiotensin-aldosterone system inhibitor; S-K = serum
potassium; SZC = sodium zirconium cyclosilicate.

Note: Subgroup analyses were not part of the sequential closed statistical testing procedure.

2From a logistic regression model that included treatment and baseline S-K.

Source: Clinical Study Report for Study ZS-D9482.%"
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Maintenance Phase

Figure 14: Mean Changein Serum Potassium From Maintenance-Phase Baseline to
Maintenance-Phase Day 12 for Subgroups in Study ZS-003 (SZC 10 g Once Daily Versus
Placebo)

Overall Placebo 25 10g QD
N Mean A N _Mean A
GFR 2 60 mL/min/1.73m**2 T 14 035 17 0.01*
GFR 30 to < 60 mL/min/1.73m**2 068 23 0.65 20 -0.03*
GFR 15 to < 30 mL/min/1.73m**2 —0.64' 16 0.71 21 0.07*
GFR < 15 mL/min/1.73m**2 0.41 5 046 3 0.87
Baseline S-K > 5.5 mmol/L -0.41 6 0.83 12 0.42
Baseline 5-K 5.4 to 5.5 mmol/L [-072 13 0.65 12 -0.03*
Baseline 5-K £5.3 mmol/L -0.53 39 0.50 37 -0.03*
RAASi medication -0.5 39 057 42 0.06*
Diabetes mellitus 061 34 063 34 0.02*
Congestive heart disease -0.51 23 057 25 0.06*
Chronic kidney disease 0.57] 35 0.63 36 0.06*
-1 075 05 025 0 0.25 05 0.75 1 1.25 15

GFR = glomerular filtration rate; RAASI = renin-angiotensin-aldosterone system inhibitor; S-K = serum potassium; SZC = sodium zirconium cyclosilicate; g.d. = every day.
Source: Extracted from Clinical Study Report for Study ZS-003.%

Figure 15: Mean Changein Serum Potassium from Maintenance-Phase Baseline to
Maintenance-Phase Day 12 for Subgroups in Study ZS-003 (SZC 5 g Once Daily Versus
Placebo)

Overall Placebo ZS 5gQD
N Mean A N Mean A

GFR 2 60 mL/min/1.73m**2 0.23 17 0.01 19 0.24

GFR 30 to < 60 mL/min/1.73m**2 -0.32 | 29 0.33 18 0.01
GFR 15 to < 30 mL/min/1.73m**2 —D.le 17 0.41 17 0.20
GFR < 15 mL/min/1.73m*#*2 0.34 2 -0.20 5 0.14
Baseline S-K > 5.5 mmol/L | -027 11 0.35 8 0.08
Baseline 5-K 5.4 to 5.5 mmol/L -0.12 | 17 0.29 12 0.17
Baseline S-K < 5.3 mmol/L -0.04 38 0.18 40 0.14

RAASI medication 01 43 0.29 37 0.19

Diabetes mellitus 0.15 47 0.26 33 0.11

Congestive heart disease -0.18 | 28 0.22 24 0.04
Chronic kidney disease -0.14] 41 026 35012

-0.5 -0.25 0 0.25 0.5 0.75 1

GFR = glomerular filtration rate; RAASI = renin-angiotensin-aldosterone system inhibitor; S-K = serum potassium; SZC = sodium zirconium cyclosilicate; g.d. = every day.

Source: Extracted from Clinical Study Report for Study 2S-003.%
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Table 46: Achievement of Normokalemia at Maintenance-Phase Day 12 for Subgroups in

Study ZS-003

| Study 7S-003

Placebo SZC5¢g Placebo SZC10g
S-K 5.3 mmol/L
N 38 40 39 37
n (%) 21 (55.3) 29 (72.5) 26 (66.7) 34 (91.9)
P value — 0.1569 — 0.0103
S-K 5.4 mmol/L to 5.5 mmol/L
N 17 12 13 12
n (%) 8(47.1) 9 (75.0) 6 (46.2) 12 (100.0)
P value — 0.2510 — 0.0052
S-K >5.5 mmol/L
N 11 8 6 12
n (%) 3(27.3) 7 (87.5) 1(16.7) 4 (33.3)
P value — 0.0198 — 0.6148
CKD
N 41 35 35 36
n (%) 19 (46.3) 26 (74.3) 18 (51.4) 30 (83.3)
P value — 0.0192 — 0.0054
CHD
N 28 24 23 25
n (%) 13 (46.4) 20 (83.3) 11 (47.8) 21 (84.0)
P value — 0.0090 — 0.0135
RAASI therapy
N 43 37 39 42
n (%) 18 (41.9) 26 (70.3) 22 (56.4) 35 (83.3)
P value — 0.0138 — 0.0140
eGFR < 15mL/min/1.73m?
N 2 5 5 3
n (%) 2 (100.0) 3(60.0) 3(60.0) 1(33.3)
P value — 1.0000 — 1.0000
eGFR 15 mL/min/1.73mZ2to
< 30 mL/min/1.73m?
N 17 17 16 21
n (%) 6 (35.3) 11 (64.7) 5 (31.3) 15 (71.4)
P value — 0.1694 — 0.0220
eGFR 30 mL/min/1.73m2to
< 60 mL/min/1.73m?2
N 29 18 23 20
n (%) 10 (34.5) 15 (83.3) 13 (56.5) 19 (95.0)
P value — 0.0022 — 0.0050
eGFR 2 60 mL/min/1.73m?2
N 17 19 14 17
n (%) 13 (76.5) 15 (78.9) 12 (85.7) 15 (88.2)
P value — 1.0000 — 1.0000

CHD = congestive heart disease; CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; RAASI = renin-angiotensin-aldosterone system inhibitor;

S-K = serum potassium; SZC = sodium zirconium cyclosilicate.
Source: Clinical Study Report for Study ZS-003.%
Note: Subgroup analyses were not part of the sequential closed statistical testing procedure.
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Figure 16: Least Squares Mean Change in Serum Potassium From Day 8 to Day 29 of
Maintenance Phase for Subgroups in Study ZS-004

Overall Placebo ZS 5gaQbD

Difference N_Mean N_Mean

RAASI medication -0.34 59 5.10 33 4.76*

Diabetes mellitus -0.26 51 5.09 26 4.83*

Heart failure -0.43 25 5.14 18 4.71*

Chronic kidney disease -0.42| 49 5.15 29 4.73*
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00 1.25 1.50

Overall Placebo ZS 10g QD

Difference N_Mean N_Mean

RAASI medication -0.55 59 5.10 35 4.56*

Diabetes mellitus -0.57 51 5.09 37 4.52*

Heart failure -0.70 25 5.14 18 4.44*

Chronic kidney disease -0.72] 49 5.15 36 4.42*
-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00 1.25 1.50

g.d. = every day; RAASI = renin-angiotensin-aldosterone system inhibitor; SZC = sodium zirconium cyclosilicate.

Note: From a mixed effect model of serial S-K observations between maintenance-phase days 8 to 29 with a patient random effect and the following fixed effects:
maintenance-phase treatment group, acute-phase baseline eGFR, acute-phase baseline S-K, maintenance-phase baseline S-K, age category (< 55 years, 55 to 64 years,
> 65 years), use of RAASI, and disease status for CKD, CHF, and diabetes mellitus.

Source: Extracted from Clinical Study Report for Study ZS-004.%

Table 47: Mean Changein Serum Potassium from Maintenance-Phase Baseline to
Maintenance-Phase Day 29 Exit for Subgroups in Study ZS-004

| Study ZS-004

Placebo SZC5¢g SZC10g
S-K <5.5 mmol/L
N 40 23 18
Mean change (SD), mmol/L 0.4 (0.6) 0.2 (0.5) 0.08 (0.7)
P value — 0.1120 0.0691
S-K 5.5 mmol/L to < 6.0 mmol/L
N 30 17 23
Mean change (SD), mmol/L 0.6 (0.6) 0.4 (0.7) 0.2 (0.9)
P value — 0.1708 0.0635
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| Study 7S-004

S-K2 6.0 mmol/L

N 12 5 9
Mean change (SD), mmol/L 0.9 (0.5) 0.3(0.9) —0.1(0.4)
P value — 0.0666 <0.0001
CKD
N 49 29 36
Mean change (SD), mmol/L 0.7 (0.5) 0.2 (0.6) -0.01(0.7)
P value — 0.0006 <0.0001
HF
N 25 18 18
Mean change (SD), mmol/L 0.7 (0.5) 0.3(0.7) 0.08 (0.9)
P value — 0.0120 0.0086
RAASi medication
N 59 33 35
Mean change (SD), mmol/L 0.6 (0.5) 0.25 (0.7) 0.2 (0.8)
P value — 0.0076 0.0086
eGFR < 60 mL/min/1.73m?
N 51 31 38
Mean change (SD), mmol/L 0.7 (0.5) 0.2 (0.6) 0.1 (0.8)
P value — 0.0010 0.0004

CKD = chronic kidney disease; eGFR = estimated glomerular filtration rate; HF = heart failure; RAASI = renin-angiotensin-aldosterone system inhibitor; SD = standard

deviation; S-K = serum potassium; SZC = sodium zirconium cyclosilicate.

Note: Subgroup analyses were not part of the sequential closed statistical testing procedure.

Source: Clinical Study Report for ZS-004.%

Table 48: Achievement of Normokalemia at Maintenance-Phase Day 29 Exit for Subgroups in

Study ZS-004

| Study 7S-004

Placebo SZC5g SZC10g
CKD
N 49 29 36
Normokalemia at MP baseline, n (%) 42 (85.7) 27 (93.1) 33(91.7)
Normokalemia atday 29 exit, 18 (36.7) 20 (69.0) 26 (72.2)
n (%)
P value (day 29 exit) — 0.0095 0.0019
HF
N 25 18 18
Normokalemia at MP baseline, n (%) 20 (80.0) 17 (94.4) 17 (94.4)
Normokalemia atday 29 exit, 10 (40.0) 13 (72.2) 13 (72.2)
n (%)
P value (day 29 exit) — 0.0625 0.0625
RAASi medication
N 59 33 35
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| Study 7S-004

Normokalemia at MP baseline, n (%) 49 (83.1) 31(93.9) 32 (91.4)
Normokalemia atday 29 exit, 26 (44.1) 23 (69.7) 25(71.4)
n (%)
P value (day 29 exit) — 0.0287 0.0113

CKD = chronic kidney disease; HF = heart failure; MP = maintenance phase; RAASI = renin-angiotensin-aldosterone system inhibitor; SZC = sodium zirconium
cyclosilicate.

Note: Subgroup analyses were not part of the sequential closed statistical testing procedure.
Source: Clinical Study Report for Study ZS-004.%

Table 49: LSM Serum Potassium During Maintenance-Phase Day 8 to Day 29 for Subgroups
in Study ZS-D9480

Study ZS-D9480

Placebo SZC5 SZC 10
CKD
N 34 78 79
LSM (95% CI)2 5.4 (5.2 t0 5.6) 4.8 (4.7 10 5.0) 4.4 (4.3 10 4.5)
Treatment-by-subgroup interaction P value — 0.906 0.458
HF
N 8 16 19
LSM (95% CI)2 5.2 (4.9 10 5.6) 4.8 (4.510 5.0) 4.4 (4.2 10 4.6)
Treatment-by-subgroup interaction P value — 0.949 0.700
RAASi medication
N 40 72 76
LSM (95% CI)2 5.3(5.1t05.5) 4.8 (4.61t04.9) 4.4 (4.21t04.5)
Treatment-by-subgroup interaction P value — 0.984 0.684

CI = confidence interval; CKD = chronic kidney disease; HF = heart failure; LSM = least squares mean; RAASI = renin-angiotensin-aldosterone system inhibitor;
SZC = sodium zirconium cyclosilicate.

Note: Subgroup analyses were not part of the sequential closed statistical testing procedure.

#From a mixed-effects model of serum potassium levels with a patient random effect and fixed effects of treatment group, treatment by visit interaction, acute-phase
baseline serum potassium, maintenance-phase serum potassium, acute-phase baseline estimated glomerular filtration rate, age category (< 55 years, 55 to 64 years, and
2 65 years), country, baseline RAASi use, CKD, HF, diabetes mellitus, and treatment by disease (CKD, HF, or RAASI) interaction.

Source: Clinical Study Report for Study ZS-D9480.%
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Table 50: Achievement of Normokalemia at Maintenance-Phase Day 29 Exit for Subgroups in

Study ZS-D9480

Study ZS-D9480

Placebo SZC5¢g SZC10g
CKD
N 35 82 80
Normokalemia, n (%)2 7 (20.0) 46 (56.1) 59 (73.8)
Treatment-by-subgroup interaction P value — 0.875 0.391
HF
N 8 18 19
Normokalemia, n (%) 3(37.5) 12 (66.7) 14 (73.7)
Treatment-by-subgroup interaction P value — 0.564 0.189
RAASiI medication
N 41 76 76
Normokalemia, n (%) 10 (24.4) 43 (56.6) 58 (76.3)
Treatment-by-subgroup interaction P value — 0.333 0.628

CKD = chronic kidney disease; HF = heart failure; RAASI = renin-angiotensin-aldosterone system inhibitor; SZC = sodium zirconium cyclosilicate.

Note: Subgroup analyses were not part of the sequential closed statistical testing procedure.

2From a logistic regression model that included covariates of treatment group, acute-phase baseline serum potassium, maintenance-phase serum potassium, acute-

phase baseline eGFR, age category (< 55 years, 55 years to 64 years, and 2 65 years), country, baseline RAASI use, CKD, HF, diabetes mellitus, and treatment by

disease (CKD, HF, or RAASI) interaction.
Source: Clinical Study Report for Study ZS-D9480.%
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Appendix 4: Description and Appraisal of
Outcome Measures

Aim
To describe the EQ-5D-5L outcome measure and review its measurementproperties
(validity, reliability, responsiveness to change, and minimum importantdifference).

Findings
EuroQol 5-Dimensions 5-Levels

The EQ-5D is a generic self-reported quality of life instrumentdeveloped by the EuroQol
Group that is applicable to a wide range of health conditions and treatments.?® As a generic
measure of HRQoL that can capture the net effect of treatmentbenefits and harms, it
provides valuable information from a patientperspective. The original three -level version
was introduced in 1990 and was composed of five dimensions pertaining to HRQoL.?
Respondents are to indicate their health status in terms of five HRQoL dimensions based on
three levels of severity. To improve sensitivity and reduce ceiling effects, the EuroQol 5-
Dimensions 3-Levelsinstrumentwas updated in 2005 and expanded to five levels per
dimension, creating the EQ-5D-5L. This is what was used in Study ZS-D9480.%8

The EQ-5D-5L consists of descriptive system and the EQ VAS. As mentioned, the
descriptive system comprises five dimensions: mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression. Patients respond to each dimension based on five
levels,where a level 1 response represents “no problems,” level 2 represents “slight
problems,” level 3 represents “moderate problems,” level 4 represents “severe problems,”
and level 5 represents “extreme problems” or “unable to perform,” which is the worst
response inthe dimension.Z Respondents are asked to choose the level that reflects their
health state for each of the five dimensions. In total, there are 3,125 possible unique health
states defined by the EQ-5D-5L, with 11111 and 55555 representing the bestand worst
health states, respectively. The numerical values assigned to levels 1 to 5 for each
dimension reflectrank-order categories of function. In terms of measurement properties,
these are ordinal data; they do not have interval properties. Therefore, they should not be
summed or averaged, such as to produce an individual dimension “score.” Results from the
EQ-5D-5L descriptive system can be converted into a single index score using a scoring
algorithm taking the local patient and population preferencesinto account. Therefore, the
index score is a country-specific value and a major feature of the EQ-5D instrument.*? The
range of index scores will differ according to the scoring algorithm used; however, in all
scoring algorithms of the EQ-5D-5L, a score of 0 represents the health state “dead”and 1.0
reflects “perfecthealth.” Negative scores are also possible forthose health states that
society (not the individual patient) considers to be “worse than dead.”
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The EQ VAS records the respondent’s self-rated health on a vertical VAS where the end
points are labelled 0 (“the worst health you canimagine”)and 100 (“the best health you can
imagine”). The respondents are asked to markan X on the point of the VAS that best
represents their health on that day. The EQ-5D index and VAS scores can be summarized
and analyzed as continuous data.?®#? Hence, the EQ-5D producesthree types of data for
eachrespondent:

¢ a profile indicating the extent of problems on each of the five dimensions represented by
a five-digitdescriptor,suchas 11121 or 21143

¢ a population preference—weighted health index score based on the descriptive system

¢ a self-reported assessmentof health status based on the EQ VAS.

The EQ-5D-5L has been validated interms of its feasibility, ceiling effects, discriminatory
power, and convergentvalidityin a diverse patient population from six countries with chronic
conditions;?® however, evidence of validity in patients with hyperkalemia was notidentified. A
Canadian-specific estimate of a minimal clinically important difference for the EQ-5D-5L was
generated by the simulating the effects of single-level transitions in each dimension.? The
results yielded minimal clinically important differences with a summarized mean of 0.056
(SD =0.011) and a summarized median of 0.056 (interquartile range, 0.049 t0 0.063).%°
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