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ARTICLE INFO ABSTRACT

Article history: Background: Patiromer and sodium zirconium cyclosilicate (SZC) are newer options for hyperkalemia
Received 4 May 2021 treatment. This systematic review and meta-analysis were conducted to assess the safety and side effect
Accepted 28 June 2021 profile of patiromer and SZC compared with placebo or other standards of care in the management of

hyperkalemia.

Key words: Methods: We searched electronic databases for relevant articles. The screening was performed inde-
hyperkalemia pendently and data were extracted among the selected studies. We performed a statistical analysis on
patiromer Revman 5.4 software. The odds ratio (OR) was used for outcome estimation with a 95% CI.

potassium Results: Patiromer had lower rates of hyperkalemia (OR =0.44; 95% CI, 0.22-0.89) compared with stan-

sodium zircanium cyclosilicate dard of care. The analysis showed no significant differences between the 2 groups in terms of overall

adverse effects, any serious/specific adverse effects, or treatment discontinuation as a result of adverse
effects. Comparing the SZC-10 group with standard of care showed no significant differences in the oc-
currence of hyperkalemia during treatment, overall adverse effects, any serious/specific adverse effects, or
treatment discontinuation as a result of adverse effects but showed a higher rate of edema in the treat-
ment group (OR=6.77; 95% CI, 1.03-44.25). Similarly, no significant differences were seen between the 2
SZC doses for the occurrence of any adverse effects, hyperkalemia, constipation, diarrhea, or urinary tract
infection, whereas edema was higher among patients receiving SZC-10 (OR =3.13; 95% CI, 1.19-8.27).
Conclusions: In patients with acute hyperkalemia, SZC is the drug of choice due to its more rapid re-
duction of serum potassium level, whereas in patients with chronic hyperkalemia, patiromer appears to
be the drug of choice because SZC is associated with an increase in edema, likely due to an increase in
sodium absorption, which could have important adverse consequences in patients with chronic kidney
disease and or heart failure. Thus, both drugs were found to be safe while treating hyperkalemia. (Curr
Ther Res Clin Exp. 2021; 82:XXX-XXX)
© 2021 The Author(s). Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Hyperkalemia is defined as serum potassium level >5 mEq/L!
and is a potentially life-threatening condition associated with
ventricular arrhythmias and sudden cardiac arrest.! For decades,
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sodium polystyrene sulfonate (SPS) was the only US Food and
Drug Administration (FDA)-approved treatment for hyperkalemia.>
However, the variable time to onset of effect and high sodium
content of SPS made it a poor choice of agent in sodium-restricted
patients, such as those with congestive heart failure and chronic
kidney disease. SPS lacks robust, randomized, controlled clinical
trial efficacy data and has well-known gastrointestinal (GI) adverse
effects such as bowel ischemia and electrolyte disorders.’

Patiromer and sodium zirconium cyclosilicate (SZC) have
emerged as new treatment options for hyperkalemia due to the
unknown efficacy and safety concerns related to SPS. Patiromer for
oral suspension, formerly known as RLY5016, was approved by the
FDA for the treatment of hyperkalemia in 2015.* Patiromer works
by binding free potassium ions in the GI tract, mainly in the distal
colon lumen, and releasing calcium ions for exchange, lowering the
amount of potassium available for absorption and increasing the
amount excreted via the feces.” The most common side effects are
hypomagnesemia, and Gl-related concerns, including constipation,
diarrhea, and nausea. SZC, formerly known as ZS-9, is an insolu-
ble, inorganic, nonpolymer zirconium silicate compound compris-
ing units of oxygen-linked zirconium and silicon atoms in the form
of a microporous cubic lattice framework.”> It works as a selective
cation exchange agent, primarily releasing hydrogen and sodium
and preferentially capturing potassium, increasing fecal excretion.®
The most common side effects include edema, constipation, and
headache. Patiromer calcium sorbitex (patiromer) and SZC (ZS-9)
are believed to be effective treatments for hyperkalemia that over-
come the limitations of other available therapies. Clinical trials for
both patiromer and SZC appear to provide evidence for efficacy in
lowering potassium levels.”~?

The objective of this systematic review was to assess the safety
profile and side effects of patiromer and SZC compared with
placebo or other standards of care (SOC) in hyperkalemia.

Materials and Methods

We followed the guidelines of the preferred reporting items for
systematic reviews and meta-analysis (PRISMA) for conducting the
meta-analysis.'?

Study protocol

We did a preliminary search and literature review on our re-
search question. Then we prepared our protocol according to the
PRISMA protocol. We then submitted our protocol in Prospero on
November 20, 2020. Our protocol is registered in Prospero with ID
CRD42020223468."!

Information sources

We used electronic databases such as PubMed, PubMed Cen-
tral, Scopus, and Embase for searching relevant articles with key
words hyperkalemia, patiromer, sodium zirconium cyclosilicate, and
ZS-9. Electronic search details are available in Supplemental Ap-
pendix 1 in the online version.

Study records

Data management

All identified articles were imported into Mendeley software
(Elsevier, London, United Kingdom) where duplicates were re-
moved and those files, after removing duplicates, were imported
into Covidence systematic review software (Veritas Health Inno-
vation, Melbourne, Australia) where further removal of duplicates
was done.
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Selection process

All the stages of data extraction were done according to the
PRISMA flow diagram. Two of our reviewers (S.B. and Y.A.) inde-
pendently screened the articles based on title and abstract and
conflicts were resolved by the next reviewer (A.M.). Full-text re-
views were performed independently by 2 reviewers (A.M. and
S.B.) and conflicts were resolved by the next reviewer (Y.A.) in Cov-
idence software based on inclusion and exclusion criteria.

Our inclusion criteria were all comparative studies (eg, cross-
sectional, cohort, randomized controlled trial, and case-control)
comparing patiromer and/or SZC versus placebo or other SOC
in hyperkalemia without language restriction and in published
articles. Exclusion criteria were editorials, comments, and view-
point articles with no proper data regarding the safety, cost-
effectiveness, and treatment success rate between patiromer and
SZC.

Data collection process

Data relating to patiromer and SZC in hyperkalemia were ex-
tracted using a tailored form and checked by other reviewers. The
form included study identifier, study year, population/participants
characteristics (eg, total number, sex, age, and other relevant pa-
rameters of participants such as to cause of admission, presen-
tation, and comorbidities), intervention, comparator (placebo or
SOC), and outcomes such as changes in baseline potassium value,
adverse effects, and mortality.

Intervention

Either patiromer or SZC individually or SZC-5/SZC-10 along with
SOC was taken in the treatment arm. Placebo alone or placebo
along with SOC was in the control arm. SOC provided was a com-
bination of insulin with glucose.

Outcomes

Primary outcomes were safety, side effects, cost-effectiveness,
and treatment success rate of patiromer and SZC, and secondary
outcomes were subgroup analysis of primary outcomes such as the
occurrence of different common adverse effects.

Risk of bias in individual studies
The quality of individual articles will be evaluated using the

Joanna Briggs Institute critical appraisal for observational studies'?
and Cochrane ROB 2.0 for trials.”> See Figure 1 and Table 1.

Data synthesis
We performed a statistical analysis on Revman 5.4 software
(Cochrane Training, London, United Kingdom). Odds ratio (OR) was

used for outcome estimation with a 95% CI. A random or fixed-
effect model was used based on the heterogeneities.

Assessment of heterogeneity

The I? test was used for the assessment of heterogeneity using
the Cochrane Handbook for Systematic Review of Interventions.!®

Subgroup analysis and investigation of heterogeneities

Subgroup analysis was carried out for adverse effects based on
a specific type of commonly reported adverse effects.
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Table 1
Joanna Briggs Institute bias assessment of observational studies.
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SN Desai NR, et al'*
1 Were the 2 groups similar and recruited from the same population? Yes
2 Were the exposures measured similarly to assign people to both exposed and unexposed groups? Yes
3 Was the exposure measured in a valid and reliable way? Yes
4 Were confounding factors identified? No
5 Were strategies to deal with confounding factors stated? No
6 Were the groups/participants free of the outcome at the start of the study (or at the moment of exposure)? Yes
7 Were the outcomes measured in a valid and reliable way? Yes
8 Was the follow-up time reported and sufficient to be long enough for outcomes to occur? Yes
9 Was follow-up complete, and if not, were the reasons to loss to follow-up described and explored? Yes
10 Were strategies to address incomplete follow-up utilized? NA
11 Was appropriate statistical analysis used? Yes
Overall appraisal Include

SN = Serial Number.

. Low Risk

. High Risk

?

Unclear risk

=~ | Other bias

Agarwal R et al 2019 (AMBER)

-

Anker SD et al 2015

Ash SR et al 2015

Fishbane S et al 2019 ( DIALIZE)

Packham DK et al 2014

Peacock WF et al 2020 (ENERGIZE)

Pitt B et al 2011 ( PEARL-HF)

Rafique Z et al 2020

Weir MR et al 2014 (OPAL-HK)

O OO O O ® ® ®| ®| @ |selctve reporting (reporting bias)
S

DO -~ OO S ® ®| ®|® |Bsinding of outcome assessment (detection bias)
O PO PO ® S | ®|® | ncomplete outcome data (attrition bias)

® OO S O @ ®| ®|@® |B5inding of participants and personnel (performance bias)

OO O S G ~ ®| ®|® |Rrandom sequence generation (selection bias)
. . . ‘ ' . . . . . Allocation concealment (selection bias)

Zannad F et al 2020 (HARMONIZE)

Figure 1. Cochrane ROB 2.0 for bias assessment.

Sensitivity analysis

To evaluate any changes in results due to mild-to-moderate het-
erogeneities, we employed a random effect model in addition to
the fixed-effect model.

Results

Our database search resulted in a total of 458 studies. After the
removal of 214 duplicates, we screened the title and abstract of
244 studies. A total of 193 studies were excluded and we assessed
the full text of 50 studies for eligibility (Figure 2). Of these, we
excluded an additional 39 studies resulting in 11 studies being in-
cluded in the qualitative analysis (Table 2). Basic study details such
as place of study, inclusion and exclusion criteria, and limitations
are provided in Supplemental Appendix 2 in the online version.

A total of 10 studies were included in the quantitative analysis.
Among the selected studies, 4 examined patiromer while 6 eval-
uated SZC.

Quantitative analysis

Patiromer versus placebo

Pitt et al? prevention of hyperkalemia in patients with heart
failure (Pearl-HF), Agarwal et al'® Spironolactone With Patiromer
in the Treatment of Resistant Hypertension in Chronic Kidney Dis-
ease (AMBER), Weir et al?! Phase 3 Study Evaluating the Efficacy
and Safety of Patiromer for the Treatment of Hyperkalemia (OPAL-
HK), DIALIZE: A Study to Test Whether ZS (Sodium Zirconium Cy-
closilicate) Can Reduce the Incidence of Increased Blood Potassium
Levels Among Dialized Patients. ENERGIZE: A Study to Evaluate a
Potassium Normalization Treatment Regimen Including Sodium Zir-
conium Cyclosilicate (ZS) Among Patients With S-K >5.8. Safety &
Efficacy of Zirconium Silicate Dosed for 28 Days in Hyperkalemia
(HARMONIZE) and Rafique et al?® were included in the quantita-
tive analysis comparing patiromer with placebo for hyperkalemia
treatment.

Adverse effects among patiromer versus placebo

Analysis showed no statistically significant differences be-
tween the 2 groups in terms of any adverse effects (OR=1.22;
95% CI, 0.87-1.71; n=537; I>=36%), any serious adverse effects
(OR=0.43; 95% CI, 0.12-1.56; n= 507; I> =0%), and treatment dis-
continuation as a result of adverse effects (OR =0.54; 95% CI, 0.27-
1.08; n=400; 2 =19%) (Figure 3). Considering mild heterogeneity
for any adverse effects and running analysis using random effect
also did not show significant changes (Supplemental Appendix 3
in the online version and Figure 1).

Commonly reported specific adverse effects

There were no significant differences between the 2 groups in
overall GI adverse effects (OR=1.90; 95% CI, 0.58-6.19; n=537;
I2=57%). Among commonly reported adverse effects, there was
no significant difference between the 2 groups for reporting of
headache (OR=0.72; 95% CI, 0.32 to 1.61; n=402; > =0%); diar-
rhea (OR =1.45; 95% CI, 0.61-3.45; n=507; I>=0%), and constipa-
tion (OR=5.66; 95% CI, 0.67-47.97; n= 212; 12 =0%) (Figure 4).

Mortality

Three studies reported mortality and there was 1 mortality
event in the placebo arm in all 3 studies; there was no significant
difference among groups when pooled together (OR=0.31, 95% (I,
0.05-1.98; n=507; I =0%) (Supplemental Appendix 3 in the on-
line version and Figure 2).
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Figure 2. Preferred reporting items for systematic reviews and meta-analyses flow diagram.
Patriromer Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 Any Adverse effects
Agarwal R et al 2019 (AMBER) 82 147 79 148 58.0% 1.10[0.70, 1.74]
Pitt B et al 2011 ( PEARL-HF) 30 56 15 49 12.4% 2.62[1.17,5.84] —
Rafique Z et al 2020 4 15 5 15 6.1%  0.73[0.15,3.49] —_—
Weir MR et al 2014 (OPAL-HK) (1) 26 55 26 52 23.5% 0.90 [0.42, 1.91] —
Subtotal (95% CI) 273 264 100.0%  1.22[0.87,1.71] ®
Total events 142 125

Heterogeneity: Chi* = 4.70, df = 3 (P = 0.19); I* = 36%
Test for overall effect: Z = 1.14 (P = 0.26)

1.1.2 Any Serious Adverse effects

Agarwal R et al 2019 (AMBER) 1147 4 148 525% 0.25[0.03, 2.23] —

Pitt B et al 2011 ( PEARL-HF) 2 56 2 49 27.3% 0.87 [0.12, 6.42] . E—
Weir MR et al 2014 (OPAL-HK) 0 55 1 52 202% 0.31[0.01, 7.76]

Subtotal (95% Cl) 258 249 100.0%  0.43[0.12, 1.56] e

Total events 3 7

Heterogeneity: Chi? = 0.76, df = 2 (P = 0.68); I = 0%
Test for overall effect: Z = 1.28 (P = 0.20)

1.1.3 Drug di: i ion due to Ad: effect
Agarwal R et al 2019 (AMBER) 10 147 21 148 86.8%  0.44[0.20, 0.97) —
Pitt B et al 2011 ( PEARL-HF) 4 56 3 49 132%  1.18[0.25,555] —
Subtotal (95% CI) 203 197 100.0%  0.54[0.27, 1.08] g =
Total events 14 24
Heterogeneity: Chi? = 1.23, df = 1 (P = 0.27); = 19%
Test for overall effect: Z = 1.75 (P = 0.08)
0.01 0.1 10 100

1
Patiromer Placebo
Test for subgroup differences: Chi = 6.00, df = 2 (P = 0.05), I* = 66.7%

Footnotes
(1) Adverse Events during the Randomized

Figure 3. Forest plots comparing adverse effects between patiromer and placebo group.

SZC-10 g versus placebo 1.94; n=407; I>=0%) and treatment discontinuation as a result
of adverse effects (OR=1.49; 95% CI, 0.50-4.43; n= 345; 2 =0%)
Adverse effects among SZC versus placebo (Figure 5). Considering mild heterogeneity for any adverse effects

Analysis showed statistically significant higher reporting of any and running analysis using random effect could not reach statisti-
adverse effects in the SZC-10 group than placebo arm using a cal significance for overall adverse effects as well (OR =1.64; 95%
fixed-effect model (OR =1.49; 95% CI, 1.06-2.08; n=629; I2 =52%), Cl, 0.96-2.79; n=629; I =52%) (Supplemental Appendix 3 in the
whereas there were no significant differences between the 2 online version and Figure 3).
groups for any serious adverse effects (OR=0.87; 95% CI, 0.39-
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Table 2
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Included studies for analysis.

Study ID

Type of study

Place of study

Study period

Primary outcome

Agarwal R, et al,’® 2019

Anker DS, et al,'” 2015

Ash RS'® et al. 2015

Desai NR, et al,’* 2020

Fishbane S, et al,® 2018

Packham DK, et al,’® 2014

Peacock WF, et al,” 2020

Pitt B, et al,” 2011

Phase II, double-blind,
placebo-controlled RCT

Phase Il randomized,
double-blind,
placebo-controlled trial

Phase II RCT

Descriptive observational
study

Phase IlIb, randomized,
double-blind, placebo
controlled trial

Phase III, 2-stage,
double-blind, randomized,
placebo controlled study

Phase II, randomized,
double-blind,
placebo-controlled trial

Phase II, randomized,
double-blind,
placebo-controlled trial

62 outpatient centers in 10
countries (Bulgaria, Croatia,
Georgia, Hungary, Ukraine,

France, Germany, South Africa,

United Kingdom, and the
United States)

44 sites from cardiology,
nephrology, and general

research sites in United States,

Australia, and South Africa

9 US sites

Optum’s Clinformatics Data
Mart (Eden Prairie, MN)

54 sites across Japan, Russia,

the United States, and the
United Kingdom

65 sites in the United States,

Australia, and South Africa

33 sites in Denmark, Italy,

Russia, and the United States

Conducted in 38 centers in
United States, Germany, the
Czech Republic, Poland, the

February 13, 2017, and
August 20, 2018

March-August 2014

November 2011-May 2012
January 1, 2016, to
December 31, 2017

December 14,
2017-November 7, 2018

November 2012-November
2013

February 13, 2018-December

21, 2018

June 2009-November 2009

Patients taking spironolactone at week
12: T=126/147; C=98/148

28-day withdrawal phase; mean
serum potassium (mmol/L) SZC-5: 4.7
(95% CI, 4.5-4.9), SZC-10: 4.5 (95% CI,
4.3-4.6), SZC -15: 4.4 (95% CI,
4.2-4.5), C: 5.2 (95% CI, 5.0-5.4)
Mean reductions in serum potassium
were seen on day 2 (hour 28 to 48)
with 10-g SZC vs placebo

Rate difference of ED visits
(postindex-preindex) on ITT: T= -0.12
(-0.29 to 0.07); C=0.75 (0.71 to 0.79)
Proportion of responders 41.2% (n=40
of 97) in SZC group vs 1.0% (n=1 of
99)

In maintenance phase, both the 5-g
and 10-g daily doses of SZC were
superior to placebo in maintaining
normokalemia

Greater reduction in serum potassium
at 4 h in the SZC group than the
placebo group: -0.36 (0.57) for SZC
versus -0.25 (0.63) mmol/L for
placebo

Change in serum potassium from
baseline to day 28 (mEq/L)
T=20.34+0.08; C=0.09+0.10

Ukraine, Russia, and Georgia

Rafique Z, et al, 2020%° Single-center, single-blinded,
randomized, open-label, pilot

study

Innercity ED, USA

Weir MR, et al,”!' 2014 Phase 11l randomized, single

(n=14)
Zannad F, et al,*> 2019 Phase III, randomized,
double-blind,

placebo-controlled study and Taiwan

Sites in Eastern Europe (n=24 February 2013-July 2013
blind, placebo controlled study sites), the European Union
(n=21), and the United States

45 investigational sites in
Japan, Russia, South Korea, 2018

August 2016-August 2017 Change in serum potassium (mEq/L)
from baseline to 6-h posttreatment
T=6.32 (95% CI 6.0-6.63) C=5.81(95%
Cl 5.48-6.14)

Initial phase; Change in serum
potassium (mmol/L) from baseline to
week 4: —1.01 (0.03)

March 3, 2017-February 14, Geometric LSM (95% CI) (mmol/L)
SZC-10: 4.38 95% CI 4.27-4.50);
SZC-5: 4.81 (95% CI 4.69-4.94); C:
5.32 (95% CI 5.16-5.49)

ED =emergency department; C= Control group; ITT =Intention to Treat; LSM = least square mean; RCT =randomized controlled trial; SZC =sodium zirconium cyclosilicate;

T=Treatment group.

Commonly reported specific adverse effects

Among commonly reported adverse effects, there was no sig-
nificant difference between the 2 groups for reporting of nausea
(OR=2.06; 95% CI, 0.47-9.11; n=116; I2 =0%), diarrhea (OR=0.88;
95% CI, 0.30-2.59; n=399; 2 =0%), constipation (OR=2.75; 95%
Cl, 0.36-20.91; n= 345; I?=43%), headache (OR=1.12; 95% I,
0.23-5.46; n= 250; I2=0%), and urinary tract infection (OR=4.55;
95% CI, 0.49-42.24; n=178; I>=0%) but showed higher rate of
edema in the treatment group (OR=6.77; 95% CI, 1.03-44.25;
n=193; I? =1%) (Figure 6).

Mortality outcome

Two studies reported mortality and there was 1 mortality event
in the placebo arm 1 in the treatment arm in another study with
no significant differences across the 2 groups (OR=1.08; 95% (I,
0.15-7.88; n=258; 1> =0%) (Supplemental Appendix 3 in the on-
line version and Figure 4).

Comparing SZC-10 with SZC-5

We compared 2 different doses of SZC at 10 g and 5 g for
the treatment of hyperkalemia. There were no significant differ-

ences between the 2 groups in the occurrence of any adverse ef-
fects (OR=1.71; 95% CI, 0.97-3.01; n=410; I> =32%). Further, there
were no significant differences between the 2 groups in incidence
of hyperkalemia (OR=0.40; 95% CI, 0.05-3.09; n=326; I>=0%),
constipation (OR=2.24, 95% CI, 0.08-62.43; n=246; I> =67%), di-
arrhea (OR=2.36, 95% CI, 0.34-16.42; n= 246; I>=0%), and uri-
nary tract infection (OR=0.79, 95% CI, 0.13-4.74; n=176; I* = 12%),
whereas edema was higher among SZC-10 group (OR=3.13; 95%
Cl, 1.19-8.27; n=234; I> =0%) (Supplemental Appendix 3 in the
online version and Figure 5).

Publication bias

To assess publication bias of included studies, we constructed a
funnel plot using the MD (mean differences); and 1/SE (Standard
errors) values obtained from trials measuring the adverse effects
across studies comparing patiromer versus SOC and SZC-10 versus
placebo/SOC.2% The generated funnel plot suggested the possibility
of publication bias in the analysis (Supplemental Appendix 3 in the
online version and Figures 6 and 7).
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Patriromer Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
1.3.1 Overall Gl adverse effects
Agarwal R et al 2019 (AMBER) 24 147 24 148 42.6% 1.01[0.54, 1.87]
Pitt B et al 2011 ( PEARL-HF) 12 56 3 49  29.9% 4.18[1.10, 15.83] L
Rafique Z et al 2020 1 15 2 15 15.1% 0.46 [0.04, 5.75] - = 1
Weir MR et al 2014 (OPAL-HK) (1) 6 55 0 52 12.3% 13.79[0.76, 251.22] T
Subtotal (95% CI) 273 264 100.0% 1.90 [0.58, 6.19] e ot
Total events 43 29
Heterogeneity: Tau? = 0.76; Chi? = 6.99, df = 3 (P = 0.07); I =57%
Test for overall effect: Z = 1.06 (P = 0.29)
1.3.2 Headache
Agarwal R et al 2019 (AMBER) 9 147 11 148 78.5% 0.811[0.33, 2.02]
Weir MR et al 2014 (OPAL-HK) 2 55 4 52 21.5% 0.45[0.08, 2.58]
Subtotal (95% CI) 202 200 100.0% 0.72[0.32, 1.61]
Total events 1 15

Heterogeneity: Tau? = 0.00; Chi? = 0.34, df = 1 (P = 0.56); I>= 0%
Test for overall effect: Z=0.81 (P = 0.42)

1.3.3 Diarrohea

Agarwal R et al 2019 (AMBER) 9 147 8 148
Pitt B et al 2011 ( PEARL-HF) 3 56 1 49
Weir MR et al 2014 (OPAL-HK) 2 55 0 52
Subtotal (95% Cl) 258 249
Total events 14 9

Heterogeneity: Tau? = 0.00; Chi? = 1.14, df = 2 (P = 0.57); I = 0%
Test for overall effect: Z = 0.84 (P = 0.40)

1.3.4 Constipation

Pitt B et al 2011 ( PEARL-HF) 3 56 0 49
Weir MR et al 2014 (OPAL-HK) 2 55 0 52
Subtotal (95% CI) 111 101
Total events 5 0

Heterogeneity: Tau? = 0.00; Chi? = 0.02, df = 1 (P = 0.90); I? = 0%
Test for overall effect: Z=1.59 (P = 0.11)

8.0% 4.91[0.23, 104.66]
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100.0% 5.66 [0.67, 47.97] e
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Patiromer Placebo

Test for subgroup differences: Chi? = 4.33, df = 3 (P = 0.23), I* = 30.7%

Footnotes
(1) Constipation, diarrhoea and nausea combined

Figure 4. Forest plots comparing commonly adverse effects between patiromer and placebo group.

$zZC-10 Placebo Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
2.1.1 Any Adverse effects
Anker SD et al 2015 7 18 9 26 8.0% 1.20[0.35, 4.18] N
Ash SR et al 2015 8 24 3 30 3.2% 4.50 [1.04, 19.45]
Fishbane S et al 2019 ( DIALIZE) (1) 40 97 46 99 47.5% 0.81[0.46, 1.42] ——
Packham DK et al 2014 (2) 21 63 15 61 18.0% 1.53 [0.70, 3.36] r——
Peacock WF et al 2020 (ENERGIZE) (3) 14 29 12 33 10.3% 1.63 [0.59, 4.51] -1
Zannad F et al 2020 (HARMONIZE) 44 99 10 50 13.1% 3.20[1.44,7.11] — =
Subtotal (95% CI) 330 299 100.0% 1.49 [1.06, 2.08] L g
Total events 134 95
Heterogeneity: Chi? = 10.35, df = 5 (P = 0.07); I = 52%
Test for overall effect: Z = 2.31 (P = 0.02)
2.1.2 Any Serious Adverse effects

Fishbane S et al 2019 ( DIALIZE) 7 97 8
Peacock WF et al 2020 (ENERGIZE) 3 29 5
Zannad F et al 2020 (HARMONIZE) 3 99 1
Subtotal (95% CI) 225

Total events 13 14
Heterogeneity: Chi2 = 0.38, df = 2 (P = 0.83); 2= 0%

Test for overall effect: Z = 0.34 (P = 0.74)

2.1.3 Drug di i ion due to Ad: effects

Fishbane S et al 2019 ( DIALIZE) 4 97 2
Zannad F et al 2020 (HARMONIZE) 7 99 3
Subtotal (95% CI) 196

Total events 1 5

Heterogeneity: Chiz = 0.24, df = 1 (P = 0.62); I? = 0%
Test for overall effect: Z = 0.73 (P = 0.47)

Test for subgroup differences: Chi? = 1.47, df = 2 (P = 0.48), 1> = 0%
Footnotes

(1) Dose titrated from 5-15 gm OD

(2) Maintenance phase, SZC-10 vs placebo

(3) Combined 0-24 hours and >24 hour after treatment

99 57.3% 0.88[0.31, 2.54]
33 327% 0.65[0.14, 2.98]
50 10.0% 1.53 [0.16, 15.11]
182 100.0% 0.87[0.39, 1.94]

99 33.9%  2.09[0.37, 11.66] e L

50 66.1%  1.19[0.29,4.82] t
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Figure 5. Forest plots comparing adverse effects between sodium zirconium cyclosilicate (SZC)-10 and placebo group.

Discussion

with SPS. Patiromer and SZC have been developed in an attempt to
overcome the gaps and limitations. Here, we systemically reviewed

SPS was the only FDA-approved agent for the treatment of hy- the safety profile and adverse effects related to these agents in the

perkalemia until 2015. SPS lacks robust, randomized, controlled published literature.
clinical trial efficacy data and has well-known GI and electrolyte- Our analysis showed patiromer to be a relatively well-tolerated
related adverse effects. As such, the management of hyperkalemia medication because no significant differences were seen between

is challenged by unknown efficacy and lingering safety concerns the 2 groups in terms of adverse effects. Patiromer was associated
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36.4%
63.6%
100.0%

11.1%
69.2%
19.8%
100.0%

$ZC-10 Placebo
Study or Subgroup Events Total Events Total Weight
2.3.1 Nausea
Ash SR et al 2015 2 24 1 30
Peacock WF et al 2020 (ENERGIZE) 3 29 2 33
Subtotal (95% CI) 53 63
Total events 5 3
Heterogeneity: Tau? = 0.00; Chiz = 0.06, df = 1 (P = 0.81); I?=0%
Test for overall effect: Z = 0.95 (P = 0.34)
2.3.3 Diarrhoea
Ash SR et al 2015 1 24 0 30
Fishbane S et al 2019 ( DIALIZE) 4 o7 6 99
Zannad F et al 2020 (HARMONIZE) 2 99 1 50
Subtotal (95% CI) 220 179
Total events 7 7

Heterogeneity: Tau? = 0.00; Chi? = 1.00, df = 2 (P = 0.61); I?= 0%
Test for overall effect: Z = 0.23 (P = 0.82)

2.3.4 Constipation

Fishbane S et al 2019 ( DIALIZE) 4 97 3 99

Zannad F et al 2020 (HARMONIZE) 9 99 0 50
Subtotal (95% CI) 196 149 100.0%
Total events 13 3

Heterogeneity: Tau? = 1.02; Chi? = 1.74, df = 1 (P = 0.19); ? = 43%
Test for overall effect: Z = 0.98 (P = 0.33)

2.3.5 Headache

Ash SR et al 2015 0 24 1 30
Fishbane S et al 2019 ( DIALIZE) 3 97 2 99
Subtotal (95% CI) 121 129 100.0%
Total events 3 3

Heterogeneity: Tau? = 0.00; Chi? = 0.51, df = 1 (P = 0.48); > = 0%
Test for overall effect: Z = 0.14 (P = 0.89)

2.3.6 Edema

Anker SD et al 2015 2 18 1 26

Zannad F et al 2020 (HARMONIZE) 15 99 0 50
Subtotal (95% Cl) 117 76 100.0%
Total events 17 1

Heterogeneity: Tau? = 0.02; Chi?=1.01,df=1 (P =0.31); P=1%
Test for overall effect: Z = 2.00 (P = 0.05)

23.7UTI

Ash SR et al 2015 2 24 0 30
Packham DK et al 2014 1 63 0 61

Subtotal (95% CI) 87 91 100.0%
Total events 3 0

Heterogeneity: Tau? = 0.00; Chi* = 0.13, df = 1 (P = 0.71); = 0%
Test for overall effect: Z = 1.33 (P = 0.18)

Test for subaroup differences: Chi? = 4.80. df = 5 (P = 0.44), I = 0%
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Figure 6. Forest plots comparing commonly adverse effects between SAC-10 and placebo group

with a lower odds of hyperkalemia during treatment, shown by the
previous meta-analysis by Das et al>* and Meaney et al.2> The most
common side effects observed with patiromer were constipation
and hypomagnesemia in the Patiromer in the Treatment of Hy-
perkalemia in Patients With Hypertension and Diabetic Nephropa-
thy (AMETHYST-DN) trial. Although Gl-related side effects such as
nausea, diarrhea, and constipation are reported in the clinical tri-
als included in our analysis, no significant differences between the
2 groups were observed in the meta-analysis of the individual ad-
verse effects.”-16:20.21 There were no serious side effects of treat-
ment discontinuation among patients treated with patiromer com-
pared with placebo.

Patiromer clinical trials showed a dose-dependent potassium
reduction with efficacy through follow-up periods of 12 weeks and
52 weeks. This makes patiromer well suited for management for
chronic hyperkalemia'-22 alleviating concerns of SPS such as vari-
able potassium-lowering effect and side effects such as intesti-
nal necrosis.?® Also, patiromer in combination with spironolac-
tone is cost-effective and thus useful to increase compliance on
guideline-directed medical therapy and improve outcomes of pa-
tients with heart failure and hyperkalemia.?” One important con-
sideration when using patiromer is the potential for drug-drug
interactions with metformin, clopidogrel, thyroxine, ciprofloxacin,
metoprolol, and furosemide.?3:2° This can be avoided by taking
other medications at least 3 hours before, or after, patiromer. This
may be a challenge for some patients and affect medication adher-
ence.

SZC is useful for prompt reduction of potassium levels within
48 hours in cases of hyperkalemia.’®39 A previous meta-analysis
done by Meaney et al>> showed potassium reduction by -0.17
mEq/L with SZC compared with placebo and a mean potassium
reduction of -0.4 mEq/L was seen in the analysis done by Kosi-
borod et al.?° The most prominent side effect noted with SZC was
edema, likely related to the high sodium content of the drug. An
increase in edema, due to an increase in sodium absorption, sug-
gests an increase in blood volume. In patients with chronic kid-
ney disease and or heart failure who already have an increase in
blood volume any further increase in blood volume as a result of
an increase in sodium absorption would be accompanied by an ac-
tivation of the renin-angiotensin-aldosterone system, including an
increase in aldosterone. A chronic increase in aldosterone would
have detrimental effects on myocardial and vascular fibrosis. Thus,
in patients with chronic hyperkalemia, patiromer will be the drug
of choice. Meaney et al?>> found lower risks of GI side effects and
hypomagnesemia in patients receiving SZC compared with placebo.
There were no differences in GI side effects, headache, and urinary
tract infections in patients receiving SZC compared with placebo,
although these findings were reported in our included trials.!®:19
We found no difference in side effects between 10 mg and 5 mg
SZC. Interpretation of the data from 3 SZC clinical trials indicates
the onset of effect is 1 hour, with a dose-dependent, predictable
potassium-lowering response. Data from patients with mild-to-
moderate hyperkalemia indicate a predictable decline in potassium
concentration of -0.11 to -0.2 mEq/L by hour 1 and -0.73 to -1.1
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mEq/L by 48 hours although none of the SZC clinical trials stud-
ied patients with acute hyperkalemia, so further research in this
population is necessary.'8:19:30 Patiromer was studied for the treat-
ment of acute hyperkalemia although it had a delayed onset of ac-
tion of 7 hours and had a mean potassium reduction measuring
0.21 mEq/L.3! Based on the results, SZC appears to be the pre-
ferred agent for the treatment of hyperkalemia to reduce potas-
sium acutely when compared with patiromer and SPS.

Our study analyzes the role of novel potassium binders like
patiromer and SZC in the treatment of hyperkalemia. SZC is the
drug of choice in patients with acute hyperkalemia, whereas
patiromer appears to be the drug of choice in patients with chronic
hyperkalemia due to aforementioned reasons. Most of our included
studies were Phase II or Phase Il randomized clinical trials and
pooling the results of these analyses adds to the validity and
strength of our study. Most of the outcomes had low heterogeneity
in the analysis. Our meta-analysis had several limitations, such as
the small number of studies included and the heterogeneity in the
study designs and populations. Most of the included studies en-
rolled patients with chronic kidney disease, diabetes mellitus, and
congestive heart failure; however, excluded patients receiving dial-
ysis or with renal transplants who are at high risk of developing
hyperkalemia. The studies included in our analysis had a heteroge-
neous patient population with diversity in age groups, etiology of
hyperkalemia, and coadministration of diuretics and angiotensin-
converting enzyme inhibitors or angiotensin receptor antagonists
that can influence the reduction of serum potassium. The included
studies had their limitations such as small sample size, open-label
nature, short follow-up time, and exclusion of hospitalized pa-
tients.

Conclusions

In patients with acute hyperkalemia, SZC is the drug of choice
due to its more rapid reduction of serum potassium. However,
among patients with chronic hyperkalemia, patiromer appears to
be the drug of choice because SZC increases sodium absorption
leading to an increase in edema. Both patiromer and SZC were
found to be safe in the treatment of hyperkalemia.
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