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Key Points
� Hyperkalemia is frequently observed in patients with CKD, and its frequency and severity increase as CKD

progresses.
� Patiromer is an effective and well-tolerated treatment option for hyperkalemia in patients with advanced or

mild/ moderate CKD on RAASi.

Abstract
Background Hyperkalemia is a common electrolyte abnormality in patients with CKD, which is associated with
worse outcomes and limits use of renin–angiotensin–aldosterone system inhibitors (RAASi). This post hoc
subgroup analysis of three clinical trials evaluated the efficacy and safety of the sodium-free, potassium-binding
polymer, patiromer, for the treatment of hyperkalemia in adults with nondialysis CKD.

Methods Data from the 4-week treatment periods of AMETHYST-DN, OPAL-HK, and TOURMALINE studies
were combined. Patients had baseline diagnosis of CKD, hyperkalemia (serum potassium.5.0 mEq/L), and
received patiromer 8.4–33.6 g/day. Patients were stratified by baseline eGFR into two subgroups: severe/end-
stage CKD (stage 3b–5; eGFR,45 ml/min per 1.73 m2) and mild/moderate CKD (stage 1–3a; eGFR$45 ml/min
per 1.73 m2). Efficacy was assessed by the change in serum potassium (mean6SE) from baseline to week 4. Safety
assessments included incidence and severity of adverse events (AEs).

Results Efficacy analyses (n5626; 62% male, mean age 66 years) included 417 (67%) patients with severe/end-
stage CKD and 209 (33%) with mild/moderate CKD. Most patients were receiving RAASi therapy at baseline
(severe/end-stage CKD 92%; mild/moderate CKD 98%). The mean6SE change in serum potassium (baseline to
week 4) was20.8460.03 in the severe/end-stage CKD subgroup, and20.6060.04 mEq/L in the mild/moderate
CKD subgroup. AEs were reported for 40% and 27% patients in the severe/end-stage and mild/moderate CKD
subgroups, respectively, with 16% and 12% reporting AEs considered related to patiromer. The most frequent
AEs were mild-to-moderate constipation (8% and 3%) and diarrhea (4% and 2%). AEs leading to patiromer
discontinuation occurred in 6% and 2% of patients with severe/end-stage CKD, and mild/moderate CKD,
respectively.

Conclusions Patiromer was effective for treatment of hyperkalemia and well tolerated in patients across stages of
CKD, most of whom were receiving guideline-recommended RAASi therapy.
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Introduction
Hyperkalemia (serum potassium .5.0 mEq/L) is a
frequently observed electrolyte abnormality in pati-
ents with CKD, and its frequency and severity
increases as CKD progresses (1). Chronic hyperkale-
mia increases secretion of aldosterone, which can lead

to deleterious effects on the kidney and cardiovascular
system, including vascular inflammation, renal and
myocardial fibrosis, and ventricular hypertrophy (2).
Hyperkalemia has consistently been linked to
increased hospitalization and worse clinical outcomes
in patients with heart failure (3).
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The Kidney Disease: Improving Global Outcomes clinical
practice guidelines recommend that treatment with an
angiotensin-converting enzyme inhibitor (ACEi) or angio-
tensin II receptor blocker (ARB) should be initiated in
patients with nondialysis CKD with or without diabetes
who have hypertension, and either severely or moderately
increased albuminuria, and these medications should be
titrated to the highest approved tolerated dose (4,5). These
recommendations are on the basis of several pivotal trials
reporting benefits of renin–angiotensin–aldosterone inhibi-
tors (RAASi) in reducing BP, decreasing albuminuria,
delaying kidney disease progression, and reducing cardio-
vascular complications (6–11).
RAASi increases the risk of hyperkalemia, which fre-

quently leads to downtitration or discontinuation of
guideline-recommended RAASi therapy in patients with
CKD (12–14). Observational studies have shown that dose
reduction or cessation of RAASi therapy is associated with
increased morbidity and mortality in this population (15).
The Kidney Disease: Improving Global Outcomes clinical
practice guidelines recommend that the dose of an ACEi or
ARB should be reduced or discontinued only as a last
resort in patients with CKD and with hyperkalemia (4),
and to consider the use of potassium binders for the treat-
ment of hyperkalemia.
Patients with reduced kidney function can be susceptible

to further kidney injury and increased metabolic derange-
ments, with effect and sensitivity to specific risk factors
linked to remaining levels of kidney function (16,17). It is
therefore particularly important to assess the safety and
efficacy of medications in patient subpopulations with both
early and late-stage disease.
Patiromer is a nonabsorbed, sodium-free, potassium-

binding polymer shown to reduce serum potassium to nor-
mal levels in clinical trials in patients with hyperkalemia,
and thereby enables RAASi therapy (18–20). The vast
majority of patients enrolled in these studies had CKD;
however, the effect of patiromer has not previously been
evaluated between patients across different stages of kid-
ney disease. We conducted a post hoc subgroup analysis of
three clinical trials (AMETHYST-DN, OPAL-HK, and
TOURMALINE) (18–20) to evaluate the efficacy and safety
of patiromer for the treatment of hyperkalemia in adult
patients with stage 3b–5 CKD and those with stage 123a
CKD over a 4-week treatment period.

Materials and Methods
Study Designs and Patients
This post hoc analysis was performed using pooled data

from the initial 4-week treatment phases of the AME-
THYST-DN and OPAL-HK studies (18,19), and the com-
plete 4-week treatment period of the TOURMALINE study
(20). All three trials evaluated the efficacy and safety of
patiromer for the treatment of hyperkalemia and enrolled
adult patients with a baseline serum potassium value .5.0
mEq/L, as evaluated by local laboratory measurement.
None of the trials used a placebo arm for the initial 4-week
treatment phases. The methods and results of AMETHYST-
DN, OPAL-HK, and TOURMALINE have been described
previously (18–20). A brief overview of the design and key
inclusion criteria for each study is provided below and in

Supplemental Table 1. This study was exempt from Institu-
tional Review Board review due to the use of public, dei-
dentified data.

AMETHYST-DN (NCT01371747) was a 52-week, phase
2, open-label, randomized, dose-ranging study that evalu-
ated patiromer in 304 adults with type 2 diabetes mellitus,
CKD (mean6SD eGFR 40.6650.7 ml/min per 1.73 m2) and
hyperkalemia who were receiving RAASi therapy (18).
Patients were stratified according to their baseline serum
potassium levels and assigned into two separate groups
(mild hyperkalemia: serum potassium .5.0–5.5 mEq/L or
moderate hyperkalemia: .5.5 to ,6.0 mEq/L). Patients
with mild hyperkalemia received patiromer at starting
doses of 8.4 g to 25.2 g/day, whereas those with moderate
hyperkalemia received 16.8–33.6 g/day. Patiromer was
titrated during the treatment period to reach and maintain
serum potassium #5.0 mEq/L.

OPAL-HK (NCT01810939) was a 12-week, phase 3, two-
phase, single-blind, randomized withdrawal trial that eval-
uated patiromer in 243 patients with CKD (mean6SD
eGFR 35.4616.2 ml/min per 1.73m2) and hyperkalemia
who were receiving RAASi (19). During the initial 4-week
treatment phase, patiromer was administered at a starting
dose of either 8.4 g/day for patients with mild hyperkale-
mia at baseline (serum potassium 5.1 to ,5.5 mEq/L), or
16.8 g/day for those with moderate-to-severe hyperkalemia
($5.5 to ,6.5 mEq/L). Patiromer was titrated to achieve
and maintain serum potassium within the target range (3.8
to ,5.1mEq/L). After the initial 4-week treatment phase,
eligible patients entered a randomized withdrawal phase,
and continued patiromer treatment or were switched to
placebo for 8 weeks.

TOURMALINE (NCT02694744) was a 4-week, phase 4,
open-label, randomized trial that evaluated patiromer
administered without food versus with food in 112 patients
with hyperkalemia. Most patients who participated in the
study (n585, 76%) had a baseline diagnosis of CKD
(mean6SD eGFR 31.8618.3 ml/min per 1.73m2).
Patiromer was administered at a starting dose of 8.4 g/day
and titrated in increments of 8.4 g/day (to a maximum of
25.2 g/day) to reach and maintain serum potassium levels
in the target range of 3.8–5.0 mEq/L. In contrast with
AMETHYST-DN and OPAL-HK, patients in TOURMA-
LINE were not required to be taking RAASi therapy before
and during the study.

CKD Subgroups and Analysis Populations
In the present pooled analysis, patients with an inves-

tigator determined diagnosis of CKD at screening
(defined as eGFR 15 ml/min per 1.73 m2 to ,60 ml/min
per 1.73 m2 at screening) from the AMETHYST-DN,
OPAL-HK, and TOURMALINE studies were stratified
according to central laboratory-measured baseline
eGFR into two subgroups: (1) stage 3b–5 CKD (nondial-
ysis; eGFR ,45 ml/min per 1.73 m2) or (2) stage 1–3a
CKD (eGFR $45 ml/min per 1.73 m2).

All safety assessments were performed on the safety
population (n5632), which comprised all randomized
patients with CKD from AMETHYST-DN, OPAL-HK, and
TOURMALINE who received $1 dose of patiromer. Evalu-
ation of baseline characteristics and efficacy assessments
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was performed on the efficacy population (n5626), com-
prising all randomized patients with CKD from the three
trials who received $1 dose patiromer and had $1 post-
baseline weekly serum potassium assessment available
(AMETHYST-DN: n5304/304; OPAL-HK: n5237/237; TO-
URMALINE: n585/112). The efficacy population excluded
six patients from the OPAL-HK study without a weekly
post-baseline serum potassium measurement available. Six
patients from the AMETHYST-DN study did not have a
baseline eGFR value available; therefore, for the purposes
of this analysis, the earliest available assessment of eGFR
was used to impute their CKD stage.

Efficacy and Safety Assessments
Efficacy was evaluated as the mean6SE change in central

laboratory serum potassium from baseline to week 4, which
was the primary endpoint of the AMETHYST-DN and
OPAL-HK studies, and a secondary endpoint of the TOUR-
MALINE study. Changes in serum potassium during the
4-week treatment period and the proportion of patients who
achieved target serum potassium levels ($1 serum potas-
sium measurement 3.8–5.0 mEq/L) were also evaluated.
Safety outcomes included the frequency and severity of

adverse events (AEs) with onset during the 4-week treat-
ment period. All AEs were recorded on the basis of on
reports from the study investigator and separately on the
basis of prespecified laboratory values of interest.

All efficacy and safety results are presented separately
for the stage 3b–5 and stage 1–3a CKD subgroups.

Statistical Analyses
Descriptive statistics were summarized as mean6SD or

SE for continuous variables, or as proportions for categori-
cal variables. All analyses were performed using SAS ver-
sion 9.4 (SAS Institute Inc., Cary, NC, USA).

Results
Baseline Demographics and Clinical Characteristics
Baseline serum potassium (mean6SD) was comparable in

all three trials: in OPAL-HK, it was 5.660.5 mmol/L; in
AMETHYST-DN it was 5.360.4 mmol/L; and in TOURMA-
LINE it was 5.460.4 and 5.360.4 mmol/L in the with and
without food groups, respectively. Of the 626 patients
included in the efficacy population, 417 patients (67%) had
stage 3b–5 CKD (including 27 patients [6%] with stage 5
CKD) and 209 patients (33%) had stage 1–3a CKD. Baseline
characteristics were generally balanced between the sub-
groups, with some notable differences (Table 1). Mean6SD
serum potassium was higher among patients with stage
3b–5 CKD than in those with stage 123a CKD (5.4760.41
and 5.3260.42 mEq/L, respectively). Patients in the stage
3b–5 CKD subgroup also had a higher mean spot urine
albumin-creatinine ratio than patients in the stage 1–3a CKD

Table 1. Baseline demographics and clinical characteristics (efficacy population; n5626)

Characteristics
Patients with Stage 3b–5 CKD

(n5417)
Patients with Stage 1–3a CKD

(n5209)

Male, n (%) 253 (61) 134 (64)
Age (yr), mean (SD) 66 (10) 66 (9)
White, n (%) 398 (95) 207 (99)
Body weight (kg) mean (SD) 84.8 (15.0) 85.6 (14.1)
History of diabetes mellitus, n (%) 332 (80) 183 (88)
Hypertension, n (%) 411 (99) 205 (98)
Ejection fraction (%)a, mean (SD) 49.8 (8.9) 50.0 (8.9)
Previous myocardial infarction, n (%) 72 (17) 47 (22)
History of heart failure 141 (34) 73 (35)
NYHA heart failure classb, n (%)
I 36 (9) 14 (7)
II 92 (22) 54 (26)
III 13 (3) 5 (2)

eGFR (ml/min per 1.73 m2)c, mean (SD) 27.9 (8.9) 58.0 (12.8)
CKD stage (eGFR) n (%)
Stage 1 ($90) 0 7 (3)
Stage 2 (60–89) 0 61 (29)
Stage 3a (45–59) 0 141 (67)
Stage 3b (30–44) 178 (43) 0
Stage 4 (15–29) 212 (51) 0
Stage 5 (,15) 27 (6) 0

Spot urine ACR (mg/g),d median (Q1, Q3) 412.0 (41.7, 1103.3) 599. (16.5, 545.3)
Serum potassium (mEq/L), mean (SD) 5.47 (0.41) 5.32 (0.42)

SD, standard deviation; NYHA, New York Heart Association; ACR, albumin-creatinine ratio.
aEjection fraction data were collected only in AMETHYST-DN (n5304).
bPatients with NYHA class IV heart failure were excluded.
cCentral laboratory baseline eGFR was on the basis of the Chronic Kidney Disease-Epidemiology Collaboration (CKD-EPI)
formula. Seven subjects in AMETHYST-DN did not have a baseline value; for the purpose of this analysis, the earliest available
assessment of eGFR was used to impute CKD stage at baseline.
dSpot urine ACR data were collected only in AMETHYST-DN (n5304) and OPAL-HK (n5243).

KIDNEY360 3: 2019–2026, December, 2022 Safety and Efficacy of Patiromer in CKD, Haller et al. 2021



subgroup. Most patients in the stage 3b–5 CKD and stage
1–3a subgroups had comorbid hypertension (99% and 98%,
respectively) and comorbid diabetes (80% and 88%, respec-
tively). Approximately one third of patients with stage 3b–5
and stage 1–3a CKD had heart failure (34% and 35%, respec-
tively), predominantly New York Heart Association class II.
The mean age was 66 years in both subgroups.
Overall, 92% of patients with stage 3b25 CKD and 98%

of patients with stage 123a CKD were receiving RAASi
therapy at baseline (Table 2). In the stage 3b–5 CKD sub-
group, the most frequently prescribed RAASi medications
were ACEi (60%) and ARB (41%). Approximately one third

of patients with stage 3b–5 CKD (37%) were receiving a
beta blocker, and 41% a loop diuretic.

Efficacy
Treatment with patiromer induced early reductions in

serum potassium in both subgroups, with mean levels
decreasing from baseline to ,5.0 mEq/L by week 1 or day
3 in the stage 3b–5 and stage 1–3a CKD subgroups, respec-
tively (Figure 1). The mean6SD change in serum potas-
sium from baseline to week 4 was 20.8460.03 and
20.6060.04 mEq/L among patients with stage 3b–5 and

Table 2. Antihypertensive medications received by patients at baseline (efficacy population; n5626)

Medications
Patients with Stage 3b–5 CKD

(n5417)
Patients with Stage 1–3a CKD

(n5209)

Any RAASi, n (%) 383 (92) 204 (98)
ACE inhibitor 252 (60) 138 (66)
ARB 171 (41) 81 (39)
MRA 31 (7) 18 (9)
Renin inhibitor 1 (0.2) 1 (0.5)
Dual RAASi blockadea 67 (16) 31 (15)
ACE inhibitor 1 ARB 37 (9) 14 (7)
ACE inhibitor 1 MRA 10 (2) 5 (2)
ACE inhibitor 1 renin inhibitor 1 (0.2) (0)
ARB 1 MRA 14 (3) 10 (5)
ACE inhibitor 1 ARB 1 MRA 5 (1) 1 (0.5)
ACE inhibitor 1 ARB 1 MRA 1 renin inhibitor 0 (0) 1 (0.5)
Beta blocker, n (%) 155 (37) 85 (41)
Diuretic, n (%)
Thiazide 33 (8) 15 (7)
Loop 172 (41) 52 (25)

RAASi, renin–angiotensin–aldosterone system inhibitor; ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor
blocker; MRA, mineralocorticoid receptor antagonist.
aAny combination of $2 of the following: ACE inhibitor, ARB, MRA, renin inhibitor.
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Figure 1. | Least squares mean (SE) serum potassium levels over time by study visit and change in serum potassium from baseline to
week 4 in patients with stage 3b–5 CKD or stage 1–3a CKD (efficacy population; n5626). Shaded area denotes target serum K1 range:
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stage 1–3a CKD, respectively. The proportion of patients
who achieved normokalemia (at least one serum potassium
value in the range 3.8–5.0 mEq/L) at any time during the
4-week treatment period was 96% in the stage 3b–5 CKD
subgroup (86% at week 4) and 99% in the CKD stage 1–3a
subgroup (88% at week 4).
The mean6SD change in systolic BP from baseline to

week 4 was 26.2619.2 and 210.7617.5 mm Hg
(24.0612.0 and 26.5612.2 for diastolic BP) among patients
with stage 3b–5 and stage 1–3a CKD, respectively.
In patients with hyperkalemic, RAASi medication use at

week 4 was reported in 85% and 95% of patients in the
stage 3b–5 and stage 1–3a CKD groups, respectively.

Safety and Tolerability
In total, 421 patients with stage 3b–5 CKD and 211 patients

with stage 1–3a CKD were included in the safety population.
During the 4-week treatment period, 16% of patients with
stage 3b–5 CKD and 12% of patients with stage 1–3a CKD
reported $1 treatment-emergent AE related to patiromer
(Table 3). The most frequent treatment-emergent AE related
to patiromer in the stage 3b–5 CKD and stage 1–3a CKD
subgroups, respectively, were constipation (7% and 3%) and
diarrhea (3% and 2%), none of which were severe.
AEs leading to discontinuation of patiromer were reported

for 24 (6%) patients with stage 3b–5 CKD and five (2%) of
patients with stage 1–3a CKD (Supplemental Table 2).
Overall, 19 patients had $1 serious AE (16 in the stage

3b–5 CKD subgroup and three in the stage 1–3a CKD

subgroup); none of these were related to patiromer, on the
basis of investigator assessment (Supplemental Table 3).
Mean serum magnesium, calcium, and phosphate levels

remained unchanged, and within the normal range in both
subgroups during the 4-week treatment period (Supplemental
Table 4).
Hypomagnesemia was reported for nine patients (2%) in

the stage 3b–5 CKD subgroup and for five patients (3%) in
the stage 1–3a CKD subgroup. During the treatment
period, 19 patients (5%) in the stage CKD 3b25 subgroup
and 18 patients (9%) in the stage 1–3 CKD subgroup had
serum magnesium ,1.4 mg/dl (Table 4). One patient from
the stage 3b–5 CKD subgroup had a serum magnesium
value ,1.2 mg/dl (1.05 mg/dl).
AEs of hypokalemia were reported for seven patients

(2%) with stage 3b–5 CKD (serum potassium 3.0–4.9 mEq/
L) and one patient (0.5%) with stage 1–3a CKD. The pro-
portion of patients with serum potassium ,3.5 mEq/L
during the 4-week treatment period was similarly low in
both the stage 3b–5 CKD and stage 1–3a CKD subgroups
(2% and 1%, respectively) (Table 4).
No AEs of hypercalcemia were reported for patients in

either subgroup and no clinically relevant increases in
serum calcium or postbaseline values .12.0 mg/dl were
observed. Serum calcium values above the upper limit of
normal (ULN) were recorded for 21 patients (5%) with
stage 3b–5 CKD and 13 patients (6%) with stage 1–3a CKD
(Table 4). One patient had an AE of hypocalcemia in the
stage 3b–5 CKD subgroup. The highest postbaseline

Table 3. Treatment-emergent adverse events related to patiromer (safety population; n5632)

No. of Patients (%) Severity
Patients with Stage 3b–5 CKD

(n5421)
Patients with Stage 1–3a CKD

(n5211)

$1 adverse event Any severity 67 (15.9) 25 (11.8)
Mild 45 (10.7) 18 (8.5)
Moderate 22 (5.2) 7 (3.3)
Severe 0 (0.0) 0 (0.0)

Gastrointestinal disorders Any severity 54 (12.8) 13 (6.2)
Mild 36 (8.6) 10 (4.7)
Moderate 18 (4.3) 3 (1.4)
Severe 0 (0.0) 0 (0.0)

Constipation Any severity 30 (7.1) 6 (2.8)
Mild 21 (5.0) 6 (2.8)
Moderate 9 (2.1) 0 (0.0)
Severe 0 (0.0) 0 (0.0)

Diarrhea Any severity 12 (2.9) 4 (1.9)
Mild 8 (1.9) 4 (1.9)
Moderate 4 (1.0) 0 (0.0)
Severe 0 (0.0) 0 (0.0)

Metabolism and nutrition disorders Any severity 16 (3.8) 7 (3.3)
Mild 13 (3.1) 4 (1.9)
Moderate 3 (0.7) 3 (1.4)
Severe 0 (0.0) 0 (0.0)

Hypomagnesemia Any severity 9 (2.1) 5 (2.4)
Mild 8 (1.9) 3 (1.4)
Moderate 1 (0.2) 2 (0.9)
Severe 0 (0.0) 0 (0.0)

This table summarizes adverse events during the first 4 weeks after the start of patiromer treatment (defined as onset on or before
study day 32), regardless of the date of treatment discontinuation. Adverse event that occurred in $2% of patients in either
subgroup.
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calcium value was 11.9 mg/dl, recorded for a patient with
elevated serum calcium at study baseline (12.7 mg/dl).
No AEs of hyperphosphatemia were reported for patients

in either subgroup. Any serum phosphate values .ULN
was reported for 29% of patients in the stage 3b–5 CKD sub-
group and 11% in the stage 1–3a subgroup (Table 4).
Overall, there were no clinically meaningful changes

from baseline in mean eGFR during the 4-week treatment
period in either subgroup (Supplemental Table 5). A reduc-
tion from baseline to week 4 in mean spot urine albumin-
creatinine was observed in the stage 3b–5 CKD subgroup,
whereas levels remained unchanged in the stage 1–3a CKD
subgroup (Supplemental Table 5).

Discussion
Patiromer, a sodium-free potassium binder, may be an

appropriate treatment option to treat hyperkalemia in
patients with CKD on RAASi. Patients with CKD may be
at risk of volume overload and are often on sodium-
restricted diets to help control hypertension and albumin-
uria (21). Sodium may also blunt the response to RAAS
blockade (21).
Given the potential variability in both efficacy and safety

of treatments in patients with early versus advanced CKD,
it is important to assess the safety and efficacy of medica-
tions in both these subpopulations (16,17).
This subgroup analysis demonstrated that patiromer

provided effective reduction of serum potassium in
patients who are hyperkalemic, with either mild/moderate
or advanced/end-stage CKD, .92% of whom were receiv-
ing RAASi therapy at baseline. Most patients responded to
the 8.4 g starting dose, with reductions in mean serum
potassium occurring early during treatment and reaching
normal levels in both the mild/moderate and advanced/
end-stage CKD patient subgroups, regardless of initial
serum potassium levels.
This analysis showed that patiromer was generally well

tolerated by patients with either mild/moderate or
advanced/end-stage CKD over the 4-week treatment
period, with a minimal risk of hypokalemia. Consistent

with previous reports for the overall patient populations
from these three studies (18–20), the most frequent AEs in
both subgroups were gastrointestinal in nature, comprising
mainly mild-to-moderate constipation and diarrhea.

Overall, the proportion of patients with AEs and serious
AEs was numerically higher among patients with advanced/
end-stage CKD versus patients with mild/moderate CKD.
However, this finding was not unexpected, given that a
higher incidence of AEs among patients with advanced versus
earlier stages of CKD has been reported in several other stud-
ies (22–26); indicating that patients with advanced CKD typi-
cally have a greater burden of comorbidities than those with
earlier stages of CKD. None of the serious AEs recorded for
patients in either subgroup was considered by investigators to
be related to treatment with patiromer. The profile of the seri-
ous AEs that occurred more frequently in patients with stage
3b–5 CKD (renal and urinary disorders, cardiac disorders,
and vascular disorders), was consistent with the profile
expected for patients with lower eGFR, and appeared to be
related to underlying disease, rather than to any specific treat-
ment effects with patiromer

In this subgroup analysis, mean serum magnesium levels
remained within the target range during the 4-week treat-
ment period in both the stage 3b–5 CKD and stage 1–3a
CKD subgroups, which is consistent with serum magne-
sium levels observed in the AMBER study (27). Reported
AEs of hypomagnesemia occurred in approximately 2% of
patients in each subgroup. However, at least one serum
magnesium level ,1.4 mg/dl was reported for fewer
patients in the stage 3b–5 CKD subgroup (5%) than in the
stage 1–3a CKD subgroup (9%), similar to findings
reported in previous trials (28,29). AEs of hypokalemia
were reported for more patients in the stage 3b–5 CKD sub-
group (2%) than in the stage 1–3a CKD subgroup (0.5%),
but the overall incidence was low. In the 12-week, placebo-
controlled AMBER trial, rates of serum magnesium were
0.7% in patients who are placebo-treated versus 2% in
patiromer treated patients (data on file). The lower rates of
low serum magnesium in this advanced CKD population
may be due to the lower starting dose of 8.4 g of patiromer
in all patients in the AMBER study.

Table 4. Prespecified laboratory values of interest during 4-week treatment period (safety population; n5632)

No. of Patients (%)a
Patients with Stage 3b–5 CKD

(n5421)
Patients with Stage 1–3a CKD

(n5211)

Any serum K1 value in target range
(3.8–5.0 mEq/L)

403/418 (96) 209/211 (99)

Any serum K1 value ,3.5 mEq/L 8/418 (2) 3/211 (1)
Any serum value Mg21

,1.4 mg/dl 19/412 (5) 18/209 (9)
,1.2 mg/dl 1/412 (0.2) 0/209 (0.0)
Any serum Ca21 value .ULNb 21/412 (5) 13/209 (6)
Any serum phosphate value .ULNc 121/411 (29) 24/209 (11)

K1, potassium; Mg21, magnesium; Ca21, calcium; ULN, upper limit of normal.
aData summary is on the basis of observed patients; for some patients, laboratory values were missing during the first 4 weeks of
the study.
bSerum Ca21 ULN .10.3 mg/dl for AMETHYST-DN, and .10.5 mg/dl for studies OPAL-HK and TOURMALINE.
cSerum phosphate ULN .4.5 mg/dL in subjects aged ,65 years, and .4.3 mg/dl in subjects aged $65 years for AMETHYST-DN
and .4.8 mg/dL for OPAL-HK and TOURMALINE.
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The few phosphate measurements more than ULN
observed were likely due to the underlying CKD, and not
to patiromer treatment. There is no mechanistic reason to
expect patiromer treatment to result in increases in phos-
phate; patiromer has been shown to lower phosphate in
previous studies (30,31).
This study had several limitations. It was a post hoc anal-

ysis, so the findings should be considered exploratory in
nature. Additionally, duration of follow-up was limited to
the 4-week treatment periods of the three trials; however,
data from the overall AMETHYST-DN study have demon-
strated that patiromer was well tolerated, long term, and
can control serum potassium levels among patients with
CKD over a 1-year treatment period (18). Furthermore, a
recent global pharmacovigilance database study of patir-
omer, which reviewed .17,000 individual case reports
over a 4-year period, confirmed that the safety and tolera-
bility profile of patiromer in the real-world setting is consis-
tent with the clinical trial data (32). The three trials that
were the subject of the present analysis had no active com-
parator or placebo group; however, placebo-controlled
data for patiromer in patients with advanced CKD were
provided in the AMBER study, which showed similar rates
of AEs in the patiromer and placebo groups (56% and 53%,
respectively) over a 12-week treatment period (27).
In conclusion, this pooled analysis of three clinical trials

showed that patiromer provided an effective treatment for
patients with hyperkalemia across the spectrum of both early
and advanced nondialysis CKD, most of whom were receiv-
ing guideline-recommended RAASi. Patiromer was also well
tolerated in both subpopulations, with mild-to-moderate
gastrointestinal events being reported in a small proportion
of patients, and relatively few treatment discontinuations.
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