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Abstract

Introduction Hyperkalemia, one of the most important electrolyte abnormalities of chronic kidney disease (CKD), often
limits the use of renin—angiotensin—aldosterone system inhibitors and can increase in the postprandial period. In this study
we report a real-world experience with the new non-adsorbed potassium binder patiromer in stage 3b-4 CKD patients.
Moreover, we performed a cross-sectional analysis to evaluate, for the first time, the efficacy of patiromer in the control of
postprandial potassium concentrations.

Methods We retrospectively collected data of 40 patients at the time of patiromer initiation (T0), and after 2 (T2), 6 (T6)
and 12 (T12) months of treatment. For cross sectional analysis, a blood sample was collected 2 h after the main meal for the
evaluation of postprandial potassium concentrations.

Results Eighty-two point five percent of patients (33/40) reached normal potassium concentrations at T2. Serum potassium
significantly decreased at T2 compared to TO (5.13 +0.48 vs 5.77 +0.41 mmol/L, respectively; p <0.001) and the reduction
remained significant during the follow-up (5.06 +0.36 at T6 and 5.77 +0.41 at T12; p <0.001 vs TO). Renin—angiotensin—
aldosterone system inhibitors were continued by 93% of patients (27/29). Adverse events were reported in 27.5% of patients
and were all mild-to-moderate. Postprandial potassium concentrations did not significantly change compared to fasting state
potassium measured at T12 (4.53 +£0.33 vs 5.06 +£0.36 mmol/L; p=0.15).

Conclusions In a real-world setting of advanced CKD patients, patiromer is a useful treatment for hyperkalemia, since it
significantly reduces serum potassium levels over the long term and is able to maintain potassium concentrations in the
normal range even in the post-prandial period.
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patiromer in the control of postprandial potassium
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Introduction

Hyperkalemia represents one of the most important elec-
trolyte abnormalities observed in chronic kidney disease
(CKD), due to its potential to cause life-threatening cardiac
arrhythmias [1].

Usually defined as potassium concentrations > 5 mmol/L,
hyperkalemia is the result of impaired urinary potassium
metabolism, extracellular shift of K+ due to CKD-associ-
ated metabolic acidosis, and/or drugs interfering with renal
potassium excretion, in particular renin—angiotensin—aldos-
terone system inhibitors (RAASI) [2, 3].

Strategies aimed at reducing potassium concentrations
typically include low-potassium dietary intake, addition of a
loop or thiazide diuretic, correction of acidosis with sodium
bicarbonate, potassium binders, and reduction or discontinu-
ation of RAASI [4].

Renin-angiotensin—aldosterone system inhibitors are
known to provide long-term reno- and cardio-protection
[5, 6], and evidence-based treatment guidelines recom-
mend their use for patients with CKD [7-10], while there is
increasing evidence that their discontinuation leads to worse
outcomes [11, 12]. However, RAASI use can be hindered by
hyperkalemia [11, 13, 14], that represents the main cause of
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Conclusions: In a real-world setting of patients with advanced
CKD, patiromer is a useful treatment for HK, since it significantly
reduces serum potassium levels over the long term and is able to
maintain potassium concentrations in the normal range even in
the post-prandial period.

Post-prandial - ACEi

the large gap reported between guideline recommendations
and real-world practice in chronic kidney disease.

Therefore, efforts to maintain normokalemia and allow
continuation of RAASI is a goal for optimal CKD manage-
ment [15].

In the past, the availability of only a few effective agents
limited treatment of hyperkalemia [15]. The potassium
binder sodium polystyrene sulfonate was the only oral hyper-
kalemia therapy for many years; however, the shortage of
data supporting its efficacy and the frequently reported gas-
trointestinal side effects strongly limited its use [16, 17].

The more recent oral potassium-binding agents patiromer
and sodium zirconium cyclosilicate have been reported to
be safe and effective in the treatment of hyperkalemia in
patients with normal or reduced glomerular filtration rate
(GFR) [18, 19]. Patiromer is a sodium-free, non-absorbed
polymer that exchanges potassium with calcium, predomi-
nantly in the distal colon, thus increasing fecal potassium
excretion and lowering serum potassium levels [18].

Of note, hyperkalemia can worsen in the postpran-
dial period. In particular, postprandial hyperkalemia risk
increases as GFR declines below 45 mL/min/1.73 m?;
accordingly, CKD patients have been reported to have
impaired dietary potassium tolerance, resulting in an
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increased postprandial serum potassium level with potas-
sium peaks observed 2 h after the meal [20, 21]. However,
since plasma potassium levels are usually measured in the
fasting state, the acute effects of dietary potassium intake
on plasma concentrations in a real-world setting have never
been detected.

Few published real-world studies evaluated potassium
management in non-dialysis CKD patients receiving potas-
sium-binding agents and, in particular, no data are available
on the control of postprandial hyperkalemia in patients with
impaired renal function.

The present study aimed to retrospectively report the use
of patiromer in non-dialysis CKD patients in a real-world
clinical setting [22, 23]; in addition, we performed a cross-
sectional analysis to evaluate, for the first time, the use of
patiromer in the control of postprandial potassium peaks.

Methods

This is a single center retrospective longitudinal cohort study
with a cross-sectional phase.

Retrospective study

For the retrospective cohort analysis, we used healthcare
data from the medical records of patients with stage 3b-4
CKD referred to the Department of Nephrology of the Uni-
versity “Federico II”” of Naples from March 2022 to April
2023.

Inclusion criteria were the following: adult patients
(> 18 years of age); diagnosis of hyperkalemia, defined as
serum potassium levels between 5.5 and 6.5 mmol/L at two
follow-up visits before starting patiromer; patients treated
for at least 1 year with a stable regular dose of patiromer;
estimated GFR (eGFR) between 45 and 15 mL/min/1.73
m?:>90% completeness of the mandatory data (see below);
and informed consent for participation in the study. For
patients treated with antihypertensive drugs and diuretics,
doses had to be stable for 28 days before patiromer initiation.

We excluded patients on Renal Replacement Therapy
(RRT) requiring dialysis or kidney transplant in the study
period; potassium-related electrocardiographic changes;
uncontrolled or unstable arrhythmias or clinically signifi-
cant ventricular arrhythmias, acute coronary syndrome, tran-
sient ischemic attack or stroke within the previous 2 months;
severe gastrointestinal disorders; type 1 diabetes and uncon-
trolled type 2 diabetes.

Patients treated with patiromer received a dose of 8.4 g
once daily, taken with food at least 3 h before or 3 h after
other medications. Moreover, we scheduled a first follow-up
visit 4 weeks after therapy initiation for all treated patients.

In patients who fulfilled the inclusion criteria, data of
interest were retrospectively collected at baseline (time
of start of patiromer treatment, TO), and after 2, 6 and
12 months of therapy with patiromer (T2, T6 and T12,
respectively).

Age, sex, underlying cause of CKD and comorbid con-
ditions were recorded for all patients at the baseline visit.
Complete clinical assessment was performed at each visit,
according to the clinical practice currently in use in our
center. Baseline and follow-up visit recordings included
blood and urine sample tests (including serum creatinine,
potassium and magnesium levels), eGFR evaluation, clini-
cal examination and vital sign measurements. All laboratory
values were measured by the standardized methods used in
our hospital. Glomerular filtration rate was estimated using
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation [24]. Medication and medication
changes with prescription details were recorded at each
visit, such as date of prescription, medication type, dose,
and quantity.

The endpoints were: the proportion of patients that
achieved the target serum potassium levels (between 3.8 and
5.2 mmol/L) at T2; the change in serum potassium levels
from baseline to T2, T6 and T12; the percentage of patients
continuing RAASI therapy in the follow-up.

Cross-sectional analysis

In addition to the retrospective study, we performed a cross-
sectional analysis aimed at evaluating the effects of pati-
romer on postprandial potassium concentrations.

For this analysis, we selected patients from the retrospec-
tive study who achieved the target potassium levels in the
follow-up period and were still on therapy with a stable dose
of patiromer for at least one month after T12. Within the first
month after T12, the enrolled patients underwent a single
blood withdrawal performed 2 h after the main meal to eval-
uate their postprandial potassium concentration. Finally, the
postprandial potassium values were compared to the serum
potassium levels measured in the fasting state at T12.

The study was conducted in accordance with the prin-
ciples outlined in the Declaration of Helsinki and was
approved by the local ethics committee. Written informed
consent was obtained from all participants.

Statistical analysis

Data were tested for normal distribution using the Shap-
iro—Wilk test. Normally distributed data were reported as
mean and standard deviation, while non-normally distrib-
uted data as median and interquartile range.
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Comparisons were performed with analysis of variance
for parametric data and the Friedman test for non-parametric
data. Post hoc analysis was performed using the Tukey test
for parametric data and Nemenyi test for non-parametric
data. Differences were considered significant if p <0.05.

All statistical analyses were performed using the software
R Core Team (2019). R: A language and environment for
statistical computing. R Foundation for Statistical Comput-
ing, Vienna, Austria. URL hhtps://www.R-project.org/.

Results
Retrospective study

We identified 303 adult patients with stage 3b-4 CKD and
serum potassium levels between 5.5 and 6.5 mmol/L, refer-
ring to our Chronic Renal Failure Outpatient Clinic between
March 2022 and April 2023. Of these, 61 received a pre-
scription for patiromer in the study period and met the inclu-
sion criteria for enrollment in the retrospective study, and 40
finally resulted eligible for the study cohort (Fig. 1).

The main baseline characteristics of the retrospective
study cohort are reported in Table 1. In summary, 70% of
patients were male, with a mean age of 60.2+ 13.0 years;
eGFR was 22.7+ 10.4 ml/min/1.73 m? and serum K+ lev-
els were 5.77 +0.3 mmol/L. A total of 85% of patients had
hypertension, 52.5% had type 2 diabetes and 30% heart
failure. Of note, 20% of patiromer initiators had a history
of sodium polystyrene sulfonate administration prior to the
baseline period (data not shown).

Of the 40 patients treated with patiromer, 33 (82.5%)
reached potassium serum levels in the target range
2 months after treatment initiation (T2). Serum potassium
levels significantly decreased from TO to T2 (5.77+0.3 vs
5.13 +£0.48 mmol/L, respectively; p <0.001). The reduc-
tion remained statistically significant vs baseline at T6 and
T12 (5.16 +0.45 and 5.06 +0.36 mmol/L, respectively;
p<0.001) (Fig. 2A, B).

Of the 40 patients included in the study, 29 (72.5%) were
treated with at least one renin—angiotensin—aldosterone
system inhibitor. Among these patients, 6 (20.7%) changed
RAASI treatment prescription—2 (6.9%) discontinued
RAASI treatment, 1 patient (3.4%) had a dose reduction,
and 1 (3.4%) had a reduction in the number of RAASI drugs,
changing from a combination of an angiotensin converting
enzyme inhibitor and an angiotensin II receptor blocker to
monotherapy; an increased dose of these agents was pre-
scribed to 2 patients (6.9%).

Patiromer was prescribed at the standard dose of 8.4 g
once daily, and no patient required a dose adjustment during
the whole treatment period.

@ Springer

Eleven patients (27.5%) reported at least one adverse
event during follow-up. The most common adverse events
are shown in Table 2; no serious adverse events occurred,
and mild-to-moderate constipation was the most common
adverse event (reported in 10% of patients). A slight, not
significant decrease in magnesium levels was observed after
initiation of patiromer, though not requiring magnesium-
replacement therapy; however, mean serum magnesium lev-
els remained within the normal range throughout the whole
treatment period (data not shown).

Cross-sectional analysis

Twelve of the 40 patients in the retrospective study achieved
the target potassium levels in the follow-up period, were still
on therapy with a stable dose of patiromer for at least one
month after T12, and provided consent to participate in the
cross-sectional analysis.

The mean postprandial potassium levels measured 2 h
after the main meal were 4.53 +0.33 mmol/L. Of note,
postprandial potassium concentrations remained within the
normal range (between 3.8 and 5.2 mmol/L) in all patients.
Finally, when compared to the serum potassium levels meas-
ured in the same patients in fasting state at T12, postpran-
dial potassium concentrations resulted slightly, albeit not
significantly reduced (5.06 +£0.36 vs 4.53 +£0.33 mmol/L;
p=0.15) (Fig. 3).

Discussion

Our study confirmed the safety and effectiveness of pati-
romer in non-dialysis hyperkalemic CKD patients in a real-
world clinical setting, and reported for the first time the
effectiveness of a stable dose of this new potassium-binder
in the control of postprandial hyperkalemia.

To date, several studies have reported that patiromer is
safe and effective in the treatment of hyperkalemia in CKD
patients [18, 19]. In particular, two prospective, randomized
clinical trials, the AMETHYST-DN [25] and OPAL-HK
[26] trials established the efficacy of patiromer for hyper-
kalemia treatment in patients with stage 3—4 CKD, diabetes,
hypertension, and/or heart failure, receiving RAASI therapy.
Results of the AMETHYST-DN trial showed that patiromer
significantly reduced potassium serum levels after 4 weeks,
and the reduction was maintained for 52 weeks in patients
with mild (5.0 to <5.5) or moderate (> 5.5 to <6.0) hyper-
kalemia [25]. The OPAL-HK trial showed that the major-
ity (76%) of patients with mild (5.1 to<5.5 mmol/L) and
moderate hyperkalemia (5.5 to < 6.5 mmol/L), respectively
receiving patiromer at the dose of 8.4 g and 16.8 g per day,
achieved normokalemia (potassium concentration ranging
from 3.8 to 5.1 mmol/L) after 4 weeks [26].
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Fig. 1 Identification of study
cohort. CKD chronic kidney
disease; eGFR estimated glo-
merular filtration rate; K potas-
sium; RAASi renin-angiotensin

Adults (age 218 years) with stage 3b-4 CKD
and K serum levels between 5.5 and 6.5 mmol/L

N =303

aldosterone system inhibitors;
RRT renal replacement therapy

—®| - Less than 2 follow-up visits before baseline (N=36)

Exclusions (N =221):
- <90% of data (N=74)

- RRT in the study period (N=24)

- Lost to follow-up or death (N=70)

- Unstable RAASi, diuretics, beta-blocker doses
(N=17)

Patients fulfilling inclusion criteria

N =282

Patients treated with patiromer in the study period

61

| - Lost to follow-up or death (N=2)

Exclusions (N = 21):

- <1 year stable therapy with patiromer
(N=8)

- RRT in the study period (N=3)

- <90% of data (N=8)

Final study cohort

N =40

Moreover, although limited, real-world data seem to con-
firm these results [22, 23].

The main finding of our study is that in a real-world
setting, therapy with patiromer is associated with a sig-
nificant reduction in serum potassium levels, which was
already observed after 2 months of therapy; this reduction
was maintained in the follow-up and was similar to the
reduction reported in randomized controlled trials [25-29]
and real-world studies [22, 23]. Of note, the proportion
of patients who achieved serum potassium levels within

the target range (3.8 to <5.2 mmol/L) during the 1-year
follow-up was greater than 80%.

Another important result of our study was that RAASi
were continued throughout the entire follow-up period
by 93% of patients on patiromer (27/29), an even higher
proportion than what was observed in the two previous
real-world experiences with advanced CKD patients [22,
23]. Furthermore, of these 27 patients continuing RAASI,
only 2 were prescribed a reduced dose or number of drugs,
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Table 1 Baseline characteristics of the retrospective study cohort

Patients (N) 40

Sociodemographic information

Male, N (%) 28 (70)
Age, years (mean +SD) 60.2+13.0
Laboratory measurements
eGFR, mL/min/1.73 m? (mean + SD) 22.7+104
Potassium, mmol/L (mean + SD) 5.77+0.3
Comorbid conditions, N (%)
Diabetes mellitus 21 (52.5)
Heart failure 12 (30)
Hypertension 34 (85)
Concomitant medications, N (%)
RAAS:I (any) 29 (72.5)
ACEi 19 (47.5)
ARBs 11 (27.5)
Beta blockers 25 (62.5)
Diuretics (any) 21 (52.5)
Loop 12 (30)
Thiazide 4 (10)
Potassium-sparing 3(7.5)
Insulin 15 (37.5)

Values are numbers (percentages) unless stated otherwise

ACEIi angiotensin converting enzyme inhibitors; ARBs angiotensin II
receptor blockers; eGFR estimated glomerular filtration rate; RAASI
renin—angiotensin—aldosterone system inhibitors; SD standard devia-
tion

while the remaining 86% of patients continued at the same
or increased doses.

Our study demonstrated that only 20% of patiromer initia-
tors had a history of sodium polystyrene sulfonate adminis-
tration before the baseline period. This result confirmed data

A

6.5

NT —

4.5

Serum Potassium (mmol/L)
W

2 months 6 months 12 months

Time

baseline

of previous studies reporting a relatively low implementation
of hyperkalemia treatments despite its high prevalence in
advanced CKD populations [23, 30, 31].

In addition to its effectiveness in achieving and main-
taining normokalemia, our data confirmed that patiromer
was safe and well tolerated throughout the whole study
period [26], with only 27.5% of patients reporting at least
one adverse event. Moreover, mild-to-moderate constipation
was the most common adverse event (reported in 10% of
patients); all adverse reactions were only mild-to-moderate
in nature and no serious adverse events occurred. Since
we enrolled only patients receiving at least 1 year of stable
therapy with the regular dose of Patiromer, no data about
adverse events leading to discontinuation are available.

For the first time, our data demonstrate the ability of
chronic treatment with patiromer to control serum potas-
sium levels in the postprandial period. It is well known
that prandial potassium load may worsen hyperkalemia,
since this electrolyte is absorbed by passive diffusion from
the bowel and the peak of plasma potassium concentra-
tion is usually observed 0.5-2 h after the meal [21]. Evi-
dence from kinetic studies using potassium salts showed
that CKD patients may be more susceptible to transient
diet-related increases in postprandial plasma potassium
concentrations [32]. The ability of the kidney to increase
kaliuresis in response to dietary potassium intake declines
proportionally in CKD, disappearing for values of eGFR
lower than 15 mL/min/1.73 m? [20]. Moreover, although
the intestinal secretion of potassium increases in CKD to
maintain external potassium balance, it does not appear
sufficient to prevent an acute increase in plasma potas-
sium levels following a potassium load [20]. However,
little is known about the management of postprandial
hyperkalemia, especially among CKD patients. In fact,

* * *
5
4
3
2
1
0

baseline

Serum Potassium (mmol/L)

2 months 6 months 12 months

Fig.2 A, B Serum potassium levels over time; *p <0.001 compared to baseline
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Table 2 Adverse events during the study period

Adverse event No of patients (%)

Constipation 4 (10)
Diarrhea 2 (5%)
Nausea 2 (5%)
Headache 1(2.5%)
e
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Fig.3 Boxplots reporting serum potassium levels measured 2 h after
the main meal vs serum potassium levels measured in the fasting
state after 12 months of treatment; diamonds represent mean values,
thick lines median values. No statistically significant differences were
recorded

observational studies exploring the association of potas-
sium intake with hyperkalemia in CKD patients usually
measure plasma potassium concentrations in the fasting
state, and therefore are not able to detect the acute effects
of dietary potassium on plasma concentrations [33]. By
contrast, in our cross-sectional analysis we measured
serum potassium levels 2 h after the main meal in order to
evaluate the effects of patiromer on postprandial potassium
peaks. Interestingly, our results showed that postprandial
serum potassium levels were maintained within the normal
range in all the evaluated patients, confirming the effec-
tiveness of patiromer on acute potassium peaks. Moreover,
when compared to the serum potassium levels of the same
12 patients measured in the fasting state after 12 months
of treatment, postprandial potassium values were slightly,
though not significantly, lower.

The main limitations of our study are mostly due to its
retrospective observational design: in particular, the lack of
comparison with a control group could limit the strength of
the conclusions. Another limitation is the low number of
enrolled patients and the impossibility to exclude the role of
concomitant hyperkalemia management therapies.

In conclusion, our study demonstrated that in a real-world
setting of patients with advanced CKD, patiromer is a useful
treatment for hyperkalemia, since its chronic use is associ-
ated with a significant reduction in serum potassium levels
over the long term.

Moreover, therapy with patiromer was able to maintain
normal concentrations even in the post-prandial period,
ensuring the safety of continuing the RAASI treatment with-
out the aid of other potassium binders or other additional
measures of potassium control.
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