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Rationale & Objective: Older people are more
likely to have reduced kidney function and multiple
comorbid conditions predisposing them to hyper-
kalemia. This post hoc subgroup analysis aimed to
evaluate the effectiveness of patiromer, a sodium-
free nonabsorbed polymer, in lowering serum
potassium levels in older patients receiving a
renin-angiotensin-aldosterone system inhibitor
with chronic kidney disease (CKD), type 2
diabetes mellitus (T2DM), and hypertension.

Study Design: Post hoc subgroup analysis of the
randomized open-label AMETHYST-DN clinical
trial.

Setting & Participants: Multicenter clinical trial.
Individuals 75 years and older with CKD, T2DM,
hypertension, and hyperkalemia at baseline (N =
60; mean age, 77 years; 30 men [50%]; mean
estimated glomerular filtration rate, 41.6 ± 14.3
mL/min/1.73 m2).

Intervention: Patients with hyperkalemia were
randomly assigned to receive patiromer at doses
ranging from 4.2 to 16.8 g twice daily.

Outcomes: We evaluated changesin serum po-
tassium levels from baseline to week 4 and time
points through 52 weeks. Long-term safety and
tolerability were assessed through the end of
360
52 weeks and included frequency of adverse
events, clinical laboratory measurements, and
vital signs.

Results: Of 306 AMETHYST-DN participants, 60
were 75 years or older. All 60 patients had CKD
and T2DM; 37% had heart failure. At screening,
patients had an estimated glomerular filtration
rate of 42 mL/min/1.73 m2, median urinary
albumin-creatinine ratio of 127 mg/g, and
baseline mean serum potassium level of 5.19
mEq/L. Mean serum potassium level was reduced
at each time point from the first postbaseline visit
(day 3) through week 52.

Limitations: This small subgroup analysis was not
prespecified and therefore randomization was lost;
thus, it should be considered hypothesis generating.

Conclusions: Among older patients with hyper-
kalemia and diabetic kidney disease, treatment with
patiromer resulted in significant reductions in
serum potassium levels after 4 weeks and lasted
through 52 weeks. Patiromer was effective in
lowering serum potassium levels and was well
tolerated in older patients.

Funding: Vifor Pharma, Inc.

Trial Registration: NCT01371747
People older than 65 years have increased susceptibility
to developing hyperkalemia, with resultant poor out-

comes.1,2 This is due to multiple comorbid conditions,
such as chronic kidney disease (CKD), cardiovascular dis-
ease/heart failure, and type 2 diabetes mellitus. Patients
with high risk for developing hyperkalemia are those
taking a renin-angiotensin-aldosterone system (RAAS) in-
hibitor to treat kidney disease and heart failure.3,4

Regardless of age, guideline-recommended doses of
RAAS inhibitor medications are indicated to slow the
progression of diabetic kidney disease, but the inherent
risk for developing hyperkalemia precludes their use in a
subset of patients.3,5,6 Hence, RAAS inhibitor use is either
downtitrated or discontinued.4,5,7

Patiromer is a calcium-based nonabsorbed polymer that
binds potassium in the gastrointestinal tract and is
approved in the United States and European Union for the
treatment of hyperkalemia.8,9 Long-term daily ingestion of
patiromer is safe, well-tolerated, and effective at lowering
serum potassium levels in both short- and long-term
clinical trials.10,11 In the previously published
AMETHYST-DN trial, while receiving patiromer, patients
with diabetic kidney disease and hypertension observed
significantly decreased mean serum potassium levels
through 4 weeks and consistently maintained normal
levels over 52 weeks.11

We report the results of a post hoc subgroup analysis of
the AMETHYST-DN trial11 (ClinicalTrials.gov identifier:
NCT01371747) to determine the efficacy and safety of
patiromer for the treatment of hyperkalemia in patients 75
years and older.
METHODS

Study Design and Patient Population

The protocol of the AMETHYST-DN trial was approved by
local or national independent ethics committees at each
study site and performed in accordance with the
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PLAIN-LANGUAGE SUMMARY
Hyperkalemia is a common electrolyte abnormality in
patients with chronic kidney disease, diabetes, and/or
heart failure. Due to underlying conditions and use of
multiple medications, older patients are particularly
predisposed to develop this electrolyte disturbance. In
this post hoc subgroup analysis, we evaluated change in
serum potassium levels in patients 75 years and older
who received patiromer over a 52-week period. Sixty
patients were included, and mean serum potassium
level was reduced at each time point following the first
baseline visit. Patiromer was well tolerated and effec-
tively lowered serum potassium levels in this older
population of patients with diabetes and kidney disease.
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International Conference on Harmonization E6 Guideline
for Good Clinical Practice, the Declaration of Helsinki
principles, and local or national independent ethics com-
mittee requirements. All patients provided written
informed consent before any study-specific procedures
were performed.

The design of the AMETHYST-DN trial has been
described previously as a multicenter open-label dose-
ranging trial of 306 randomly assigned patients aged 30 to
80 years with CKD (estimated glomerular filtration rate
[eGFR], 15 to <60 mL/min/1.73 m2), type 2 diabetes
mellitus, and hypertension.11 Patients with hyperkalemia
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(potassium > 5.0 to <6.0 mEq/L) at screening or after an
up to 4-week run-in period were randomly assigned. All
patients had been receiving a stable dose of RAAS inhibitor
for 28 days or longer before screening.

The 52-week study included an 8-week treatment
period and 44-week long-term maintenance period for up
to 52 weeks of total treatment and posttreatment follow-
up of 4 weeks (Fig 1). Patients who were normokalemic
(potassium, 4.3-5.0 mEq/L) at screening entered a run-in
period (up to 4 weeks) and either switched from their
current angiotensin-converting enzyme (ACE) inhibitor or
angiotensin receptor blocker (ARB) medication to a
maximum labeled dose of ARB (100 mg/d of losartan)
and/or up to 50 mg of spironolactone (cohort 1) or
continued their current ACE inhibitor or ARB treatment
and added up to 50 mg of spironolactone (cohort 2).
Patients who developed hyperkalemia at any point during
the 4-week run-in period could be randomly assigned into
the treatment phase. Patients with preexisting hyper-
kalemia (potassium >5.0 to <6.0 mEq/L) at screening
(cohort 3) continued use of their prescribed ACE inhibitor
or ARB, skipped the run-in period, and were randomly
assigned directly to the treatment phase.

Patients entering the treatment period were stratified to
1 of 2 strata: mild (serum potassium >5.0 to 5.5 mEq/L)
and moderate hyperkalemia (serum potassium >5.5
to <6.0 mEq/L). These patients were randomly assigned to
1 of 3 starting doses of patiromer per stratum: patients
with mild hyperkalemia received 4.2, 8.4, or 12.6 g twice
ization Long-term
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Table 1. Baseline Demographics

Patient Characteristics
Patients Aged ≥75 Years With
CKD and T2DM (N = 60)

Age, y 77 ± 1.45
Male sex 30 (50%)
White race 60 (100%)
eGFR at screening, mL/
min/1.73 m2

41.6 ± 14.3

Urinary ACR, mg/g 127 (3, 6,942)
Heart failure (NYHA I/II) 22 (37%)
Drugs used for diabetes 60 (100%)
RAAS inhibitor medications
ACE inhibitor 36 (60%)
ARB 10 (17%)
Aldosterone antagonist 1 (1.6%)
RAASi combinationa 13 (27%)
Any single RAAS inhibitor 54 (90%)
β-Blocker 28 (47%)
Non-RAASi diuretic 26 (43%)

Cohort 1 12 (20%)
Cohort 2 0 (0%)
Cohort 3 48 (80%)
Values expressed as mean ± standard deviation, number (percent), and median
(minimum, maximum).
Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ACR, albumin-
creatinine ratio; ARB, angiotensin receptor blocker; CKD, chronic kidney dis-
ease; eGFR, estimated glomerular filtration rate; NYHA, New York Heart As-
sociation; RAASi, renin-angiotensin-aldosterone system inhibitor; T2DM, type 2
diabetes mellitus.
aRAASi combination: RAASi medication combined with a non-RAASi
medication.
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daily and patients with moderate hyperkalemia received
8.4, 12.6, or 16.8 g twice daily. Following the baseline
visit, patients were assessed at day 3, weekly thereafter
during the 8-week treatment period, and monthly during
the 44-week long-term maintenance period. The starting
dose could be titrated up or down to achieve and maintain
serum potassium levels ≤5.0 mEq/L during the treatment
and long-term maintenance periods. By protocol, the RAAS
inhibitor dose could not be downtitrated or discontinued
because of hyperkalemia, but patiromer could be upti-
trated using a protocol-defined dosing algorithm.

At the end of the long-term maintenance period, all
patients with serum potassium levels >5.0 mEq/L dis-
continued patiromer treatment and all RAAS inhibitor
medications and were followed up for 2 visits within 7
days. Patients with serum potassium level ≤5.0 mEq/L
(normokalemic) at the end of the long-term maintenance
period discontinued patiromer treatment but remained
receiving RAAS inhibitors for 28 days and returned for 5
follow-up visits (day 3 and weekly through week 4
posttreatment).11

In this post hoc subgroup analysis, all 3 starting dose
groups within each stratum (mild or moderate) were
combined to evaluate the effect of patiromer on serum
potassium levels.
362
Efficacy and Safety Assessments

In this post hoc subgroup analysis of patients 75 years and
older, we analyzed a selection of the same end points as in
the AMETHYST-DN study.11 We evaluated change in
serum potassium levels from baseline to week 4 and
changes in serum potassium levels at multiple time points
over time. All assessments of serum potassium values were
based on central laboratory measurements.

Long-term safety and tolerability were assessed through
the end of the long-term maintenance period at 52 weeks
and included frequency of adverse events, clinical labora-
tory measurements, and vital signs.

Statistical Analysis

Details of the statistical analysis of the AMETHYST-DN trial
have been described previously.11 For this post hoc sub-
group analysis, mean decreases in serum potassium levels
at weeks 4 and 52 were estimated using analysis of
covariance models with baseline serum potassium level
(local serum potassium >5.0 to 5.5 or >5.5 to <6.0 mEq/
L) as a fixed effect and baseline serum potassium level as a
continuous covariate. All statistical analyses were per-
formed using SAS, version 9.4 (SAS Institute Inc).
RESULTS

Patient Disposition

Of the 306 patients who were randomly assigned to
treatment in the AMETHYST-DN study, 60 patients aged
75 years and older were assessed by investigators (cohort 1
[n = 12] and cohort 3 [n = 48]). Disposition is shown in
Fig S1. All 60 patients were treated with at least 1 dose of
patiromer and were included in the safety and efficacy
analyses. Mean age of this subgroup population was 77
years, all patients were White, and half were men. Mean
eGFR at screening was 42 mL/min/1.73 m2 (Table 1). All
60 patients had hypertension and type 2 diabetes mellitus.
At baseline, mean serum potassium level was 5.19 mEq/L;
49 patients (82%) had a serum potassium between >5.0
and 5.5 mEq/L (mild hyperkalemia), and 11 (18%) had a
serum potassium level > 5.5 to <6.0 mEq/L (moderate
hyperkalemia). Of the 60 patients randomly assigned, 53
(88.3%) completed the treatment period, 47 (78.3%)
entered the long-term maintenance period, and 40
(66.7%) completed the entire study. The most common
reasons for early withdrawal during the entire study were
consent withdrawal (n = 6), adverse events (n = 5), and
nonadherence (n = 4; Fig S1). Ten of 12 patients from
cohort 1 completed the treatment phase, receiving the
optimal dose of losartan of 100 mg/d. Of these, 10 pa-
tients entered the long-term maintenance period, with 9
(90%) completing the full 52 weeks.
Kidney Med Vol 3 | Iss 3 | May–June 2021
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Efficacy

Mean serum potassium level was reduced at each time
point from the first postbaseline visit (day 3) through
week 52. At week 4, a significant reduction in least squares
mean change from baseline was observed (−0.65 mEq/L;
P <0.001). At week 52 (end of treatment), the observed
least squares mean reduction was –0.61 mEq/L (P <0.001).
Most patients entering the long-term maintenance period
had serum potassium levels in the target or normal range
(3.8-5.0 mEq/L). At each time point of the maintenance
phase, between 88% and 98% of patients were observed to
have serum potassium levels in the normal range (Fig 2). At
week 52 (end of treatment), all 60 patients (100%) had
serum potassium levels <5.5 mEq/L, and 95% had serum
potassium levels <5.0 mEq/L. These findings correlate with
the original AMETHYST-DN investigation, with reductions
in serum potassium levels at all time points to week 52.
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Upon discontinuation of patiromer treatment at 52
weeks, similar to the original investigation, an increase in
mean serum potassium level was observed (Fig 3). After 3,
7, and 14 days of patiromer treatment discontinuation,
mean serum potassium levels were 4.79, 4.85, and 4.95
mEq/L, respectively. This increase in mean serum potas-
sium level during the follow-up period plateaued at 21 and
28 days of cessation. This plateau is most likely due to
protocol-required discontinuation of RAAS inhibitor
medications in patients with serum potassium levels >5.0
mEq/L.

Safety

Patiromer was generally well tolerated in this older adult
subgroup of patients (Table 2). Over 52 weeks, 31 (52%)
patients reported at least 1 treatment-emergent adverse
event, with 10 patients (17%) reporting at least 1 adverse
42 41 40 37 38 38 39 41 40 33 31 29

ET

t, weeks
Follow-up, 

days

iations: BL, baseline; ET, end of treatment.
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Table 2. Treatment-Related Adverse Events Related to
Patiromer With Onset Over the Entire Treatment Period

Treatment-Related Adverse Event
Patients Aged ≥75 y
(N = 60)

Hypomagnesemiaa 4 (6.6%)
Atrial flutter 2 (3.3%)
Constipation 2 (3.3%)
Abdominal discomfort 1 (1.7%)
Gastroesophageal reflux disease 1 (1.7%)
Vomiting 1 (1.7%)
Values expressed as number (percent).
aOne patient receiving 8.4 g/d, 1 patient receiving 16.8 g/d, and 2 patients
receiving 25.2 g/d. Other treatment-emergent adverse event investigation:
blood magnesium levels decreased in 1 patient (receiving 25.2 g/d).
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event considered related to patiromer by the investigator;
none were considered serious. The most frequently iden-
tified treatment-emergent adverse event (≥5.0% of pa-
tients, regardless of stratum or dose) was hypomagnesemia
(6.6%). No patients discontinued treatment due to hypo-
magnesemia, and there was no case of severe hypomag-
nesemia (magnesium <1.0 mg/dL) or hypokalemia
(potassium <3.5 mEq/L). Constipation was reported in 2
patients (3.3%), and both cases were considered mild to
moderate. Six patients (10%) reported at least 1 adverse
event leading to patiromer treatment discontinuation. The
most common adverse events leading to patiromer treat-
ment discontinuation were gastrointestinal disorders
(constipation and vomiting) in 2 patients and chronic
kidney failure, also in 2 patients.
Table 3. Serum Calcium and Magnesium Over 52 Weeks

Serum Calcium, mg/dL

Mild Hyperkalemia (K+

>5.0 to ≤5.5 mEq/L)
Moderate Hyperkalem
>5.5 to <6.0 mEq/L)

Baseline 9.41 ± 0.6a 9.13 ± 0.6b

Week 4 9.52 ± 0.5c 9.0 ± 0.4d

Change from
baseline

0.12 ± 0.6 −0.05 ± 0.4

Week 24 9.48 ± 0.5e 9.38 ± 0.6f

Change from
baseline

−0.01 ± 0.5 0.3 ± 0.5

Week 52/end
of treatment

9.48 ± 0.5g 9.5 ± 0.2f

Change from
baseline

0.0 ± 0.6 0.28 ± 0.4

Follow-up +28
d

9.5 ± 0.6h 9.4 ± 0.4i

Change from
baseline

0.06 ± 0.7 0.15 ± 0.4

Values expressed as mean ± standard deviation.
an = 49.
bn = 10.
cn = 46.
dn = 9.
en = 36.
fn = 5.
gn = 34.
hn = 25.
in = 4.
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Mean serum calcium and magnesium levels remained in
the normal range through 52 weeks of the trial regardless
of the stratum. At week 4, mean serum calcium change
increased slightly from baseline in the mild hyperkalemia
group (0.12 mg/dL) and decreased slightly in the mod-
erate hyperkalemia group (−0.05 mg/dL). At 52 weeks,
there was no change observed from baseline in mean
serum calcium level in the mild hyperkalemia group and a
slight increase of 0.28 mg/dL in the moderate hyper-
kalemia group, with patients receiving patiromer 25.2 and
33.6 g/d, respectively. Mean serum magnesium level
decreased slightly at 4 weeks and remained stable through
52 weeks (end of treatment; Table 3). The week 4 serum
magnesium mean changes from baseline were −0.09 mg/
dL in the mild hyperkalemia groups and −0.13 mg/dL in
the moderate hyperkalemia groups. At 52 weeks (end of
treatment), serum magnesium level changes from baseline
were −0.06 mg/dL and −0.08 mg/dL, respectively. There
was no clinically meaningful reduction in mean eGFR and
mean urinary albumin-creatinine ratio during the study.
DISCUSSION

The results of this post hoc analysis confirm that patiromer is
effective in lowering andmaintaining serum potassium levels
over the long term in a safe range in previously hyperkalemic
patients 75 years and older with diabetic kidney disease
receiving an RAAS inhibitor. The significant reductions in
mean serum potassium levels in this older adult population at
week 4 (primary end point) were consistent with the
Serum Magnesium, mg/dL

ia (K+ Mild Hyperkalemia (K+

>5.0 to ≤5.5 mEq/L)
Moderate Hyperkalemia (K+

>5.5 to <6.0 mEq/L)
1.96 ± 0.2a 2.09 ± 0.3b

1.87 ± 0.3c 1.94 ± 0.1d

−0.09 ± 0.2 −0.13 ± 0.2

1.9 ± 0.3e 2.09 ± 0.2f

−0.05 ± 0.3 0.04 ± 0.3

1.88 ± 0.2g 1.94 ± 0.1f

−0.06 ± 0.3 −0.08 ± 0.2

1.91 ± 0.3h 2.12 ± 0.2i

−0.04 ± 0.3 0.12 ± 0.1
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previously published results observed in the overall popula-
tion.11 As in the previous results, patiromer consistently
maintainedmean serumpotassium levels in the normal range
for up to 1 yearwith very few dose titrations required and the
continued maintenance of RAAS inhibitor medications in
most patients. In this subgroup of older patients, 12 were
randomly assigned to cohort 1 and received the targeted dose
of losartan, 100 mg/d, with or without spironolactone. Ten
patients completed the treatment phases, with 90% (n = 9)
maintained on the guideline-recommended dose through 52
weeks.

This is the first long-term safety analysis of patiromer in
patients 75 years and older. Patiromer was generally well
tolerated, and its long-term safety was similar to the overall
patient population.10,11 Overall, most discontinuations due
to adverse events were not patiromer related. No episodes
of serum potassium level <3.5 mEq/L or serum magne-
sium level <1.0 mg/dL were observed over the 1 year.
Mean serum calcium levels remained in the normal range
during the study, with slight increases observed at 52
weeks (0.07-0.37 mg/dL).

In the OPAL HK study, a similar post hoc subgroup
analysis of patients with hyperkalemia 75 years and older on a
stable dose of RAAS inhibitor therapy was conducted.5 This
was a multicenter single-blind randomized study with 2
phases: a 4-week single-group initial treatment phase and an
8-week placebo-controlled withdrawal phase. Treatment
with patiromer resulted in a mean (standard error) decrease
in serum potassium level of −0.99 mEq/L from baseline to 4
weeks of the treatment phase. Patients continuing on
patiromer treatment for an additional 4 weeks in the ran-
domized withdrawal phase observed a median change in
serum potassium level of −0.10 (interquartile range, −0.3 to
0.3) mEq/L, whereas for patients switched to placebo, me-
dian change was 0.60 (interquartile range, 0.40-1.10) mEq/
L. The difference between treatment groups in median
change was 0.70 (95% CI, 0.06-1.34) mEq/L.

The number of adults 75 years and older is growing
rapidly and is expected to be 10% of the US population by
2030.12 These older patients characteristically have mul-
tiple disease states (diabetes mellitus, CKD, and heart
failure) and take an average of more than 5 medications
per day.13 These patients typically have long-standing
hypertension, reduced eGFRs, and/or heart failure,
which puts them at increased risk for medication- and
disease state–associated changes in potassium homeostasis.
Numerous landmark trials demonstrate that use of an RAAS
inhibitor provides a significant renoprotective benefit in
trials evaluating the use of these agents on CKD progres-
sion.14-16 These results combined with results of other
landmark trials have led to the inclusion of RAAS inhibitor
therapy in American and European guidelines to treat
diabetic kidney disease.14 However, these benefits come
with the risk for hyperkalemia.17,18

In a post hoc analysis of Reduction of Endpoints in
NIDDM with the Angiotensin II Antagonist Losartan
(RENAAL),19 it was found that treatment with the ARB
Kidney Med Vol 3 | Iss 3 | May–June 2021
losartan was associated with high risk for hyperkalemia in
patients with CKD and diabetic nephropathy. This elevated
serum potassium level was associated with increased risk
for negative kidney outcomes, which could potentially
offset the renoprotective effects of losartan.19 Currently,
patients with CKD and diabetic nephropathy who develop
hyperkalemia are advised to reduce their dose of ACE in-
hibitor or ARB by 50% and reassess serum potassium levels
every 5 to 7 days. Although this strategy may alleviate the
consequence of hyperkalemia, it also places the patient at
increased risk for progression of disease. A recent retro-
spective analysis of claims data showed that for most pa-
tients, physicians do not restart or uptitrate after an episode
of hyperkalemia has been resolved.2,7 Our data from this
current post hoc subgroup analysis of the AMETHYST-DN
trial observed 90% of patients entering the long-term
maintenance period receiving losartan, 100 mg/d, and
receiving patiromer were successfully maintained in the
normal serum potassium level range (3.8-5.0 mEq/L)
through 52 weeks.

Limitations of the AMETHYST-DN trial have been
described elsewhere.11 In short, this is a post hoc subgroup
analysis that was not prespecified and had a limited number
of patients older than 75 years. As is typical in a small post
hoc analysis such as this, no formal examination of power
has been undertaken. The open-label design may have
affected data reporting through observer bias. Also, there
was a lack of a comparator, raising the possibility of
regression to the mean, and drug dosing information was
not available for all cohorts. Finally, the protocol required
that changes in RAAS inhibitor medications were only
allowed for the management of blood pressure, so inferences
related to changes in RAAS inhibitor use or doses in context
to the treatment of hyperkalemia should not be made.

The availability of an effective and well-tolerated potas-
sium binder may be advantageous for an older adult pop-
ulation with multiple disease states.18 Such an agent may
enable more patients with hypertension, advanced kidney
disease, and/or heart failure, regardless of cause, the op-
portunity to initiate and maintain a guideline-
recommended RAAS inhibitor dose over long periods.20

Currently there are 2 well-tolerated potassium binders
available, patiromer for oral suspension and sodium zirco-
nium cyclosilicate.21

As shown in this analysis, the discontinuation of long-
term treatment with a potassium binder, in this case
patiromer, may lead to a recurrence of hyperkalemia and
potentially an associated clinical and economic burden on
the health care system.7,11,22

Among older patients with hyperkalemia and diabetic
kidney disease, treatment with patiromer reduced serum
potassium levels at 4 weeks and maintained normokalemia
in most patients 75 years and older through 52 weeks.
Patiromer was well tolerated with low rates of discontin-
uations. The long-term administration of patiromer in
older patients with hyperkalemia appears to be effective,
be generally safe, and allows the continuation of guideline-
365
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directed medical therapy, consistent with findings in the
overall AMETHYST-DN population.11
SUPPLEMENTARY MATERIAL
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Figure S1. Patient disposition.
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