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Summary

Despite medical advances, heart failure remains a major
public health issue and is associated with considerable
morbidity and mortality. Suboptimal use of evidence-
based therapies and lack of medication up-titration play
important roles in this regard. Hyperkalaemia is a frequent
and potentially harmful finding which hinders treatment
optimisation in patients with heart failure. In this review,
heart failure experts from two Swiss academic hospitals
discuss the principles of general pharmacological therapy
in heart failure with reduced ejection fraction and the dif-
ferent treatment options for chronic hyperkalaemia, focus-
ing on patiromer, a recently available potassium binder.
Patiromer has been accepted for reimbursement since 1
August 2020 in Switzerland, and has been shown in sev-
eral clinical trials to safely reduce potassium levels over
the long term, thereby allowing up-titration or maintenance
of renin-angiotensin-aldosterone inhibitors in patients with
chronic kidney disease, including those with heart failure.
Whether this promising approach improves outcomes in
patients with heart failure and reduced ejection fraction is
currently under investigation.
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patiromer, up-titration, heart failure with reduced ejection
fraction

Clinical vignette

A 72-year-old patient followed by our heart failure outpa-
tient clinic was seen after an acute heart failure episode
triggered by paroxysmal atrial fibrillation, which was con-
verted to sinus rhythm during the hospitalisation. He had a
long history of ischaemic heart disease, with multiple per-
cutaneous coronary interventions, but no residual myocar-
dial ischaemia on a recently performed cardiac positron
emission computed tomography scan. Left ventricular
ejection fraction (LVEF) was calculated at 28% by
echocardiography, with mild mitral regurgitation. One year
before, a biventricular defibrillator had been implanted.
Relevant comorbidities were type 2 diabetes mellitus and
stage 3 chronic kidney disease (CKD). During hospitalisa-

tion, the patient developed hyperkalaemia up to 6.1 mmol/
1, which resolved after spironolactone discontinuation.

At the first consultation, the patient still had New York
Heart Association (NYHA) class III dyspnoea. Current
medications included: rivaroxaban 15 mg once daily (0.d.),
sacubitril-valsartan 200 mg twice daily (b.i.d.), carvedilol
12.5 mg b.i.d., torasemide 10 mg o.d., dapagliflozin 10 mg
o0.d. and metformin 1000 mg b.i.d. On physical examina-
tion, sitting blood pressure was 106/68 mm Hg, standing
blood pressure was 103/70 mm Hg standing, and heart rate
was 62 bpm. There were no signs of congestion. Labora-
tory tests gave the following results: sodium 137 mmol/
1, potassium (K*) 5.2 mmol/l, serum creatinine 183 umol/
1, estimated glomerular filtration rate (¢GFR) 35 ml/min/
1.73m?, and N-terminal prohormone of B-type natriuretic
peptide (NT-proBNP) 2835 ng/l. An electrocardiogram
showed sinus rhythm at 62 bpm with resynchronised ven-
tricular pacing and a QRS duration of 120 ms.

This patient was mildly symptomatic and, despite being
euvolaemic, still had elevated NT-pro-BNP levels. Heart
failure medication was at the maximum tolerated doses,
but did not include a mineralocorticoid receptor antagonist
(MRA) because of the past history of hyperkalaemia. We
thus decided to reintroduce spironolactone at a dose of
12.5 mg o.d., combined with a novel potassium binder,
patiromer, at a dose of 8.4 g o.d. One week later, there
was no symptomatic hypotension or deterioration of renal
function, and the patient’s K level remained at 5.2 mmol/
1. Three weeks later, patiromer was increased to 16.8 g o.d.
and spironolactone to 25 mg o.d. After three months, the
patient was in NYHA class II, NT-proBNP decreased to
1744 ng/l. K+ levels did not exceed 5.4 mmol/l during fol-
low-up.

Introduction

It is estimated that approximately 200,000 patients suffer
from heart failure in Switzerland, based on surveys in
neighbouring countries [1]. Due to the general aging of
the population and the improving survival of patients with
cardiovascular diseases and especially ischaemic heart dis-
ease, its prevalence seems likely to increase in our country
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[2]. Heart failure has become the most important cause of
hospitalisation in elderly patients in Switzerland [3], as in
other developed countries, and it remains associated with
a 5-year mortality rate of approximately 50% despite re-
cent medical advances [4]. Another main issue with heart
failure is recurrent hospitalisations, which not only impact
on the quality of life and the overall prognosis of the in-
dividual patient, but also represent an enormous health-
care burden at the population level [5]. Among the under-
lying precipitant factors behind readmissions, suboptimal
use of evidence-based therapies in heart failure with re-
duced LVEF (HFrEF) seems to play a major role [5]. This
review will discuss the role of hyperkalaemia as a limiting
factor for optimising guideline-directed medical therapy in
HFrEF and the potential benefits of strategies aimed at re-
ducing K™ levels in this context, focusing on the newly re-
imbursable potassium binder patiromer.

Pharmacological treatment and up-titration in
heart failure with reduced ejection fraction

Over the last four decades, many different pharmacological
therapies have been shown, in large-scale randomised clin-
ical trials (RCTs), to improve outcomes including symp-
tom burden, quality of life, functional capacity and, most
importantly, hospitalisations and mortality in HFrEF. This
therapeutic armamentarium mainly acts by inhibiting the
renin-angiotensin-aldosterone system (RAAS) and the
sympathetic system, which are overstimulated in HFrEF,
and these therapies are therefore often referred to as neuro-
hormonal antagonists. Current guidelines recommend the
stepwise introduction of neurohormonal antagonists,
namely beta-blockers, angiotensin-converting enzyme in-
hibitors (ACElIs), angiotensin-II receptor blockers (ARBs)
or angiotensin receptor neprilysin inhibitors (ARNIs), and
MRAs [6]. Each RCT testing these molecules was based
on forced up-titration protocols aiming to achieve specified
target doses. Therefore, current guidelines recommend
progressively increasing the dosages of all neurohormonal
antagonists to the maximum tolerated doses in HFrEF [6].
This principle is reflected in the well-known clinicians’
motto “start low, go slow, aim high”.

However, neurohormonal antagonists are rarely used at tar-
get doses in clinical practice. European observational data
indicate that only 29% and 18% of study participants were
on target doses of ACEIs and beta-blockers, respectively
[7]. In an analysis of 3518 HFTEF patients from 150 prima-
ry care and cardiology practices in the United States, the
percentages of patients not treated with ACEIs/ARBs/AR-
NIs, beta-blockers or MRAs and without documented con-
traindications were 26.2%, 32.9% and 65.9%, respective-
ly, whereas the percentages of patients on target doses for
these drug classes were 16.8%, 27.5% and 76.6%, respec-
tively [8]. Reasons for the non-prescription of guideline-
recommended medications have been well investigated in
QUALIFY, an international, prospective, observational,
longitudinal survey of 7092 outpatients with HFrEF [9].
Hyperkalaemia was the reason for the non-prescription of
ACEIs, ARBs and MRAs in 3.9%, 5.5% and 31.4% of the
patients, respectively. Other barriers to heart failure treat-
ment implementation have been specifically addressed in a
recent Swiss consensus paper [10].
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This gap between recommendations and practice translates
into worse outcomes. Two RCTs have found that high
doses of ACEIs and ARBs are superior to lower doses
with regard to mortality outcomes [11, 12]. In the Euro-
pean prospective observational study BIOSTAT-CHF, pa-
tients on less than 50% of the recommended doses of
ACEIs/ARBs and beta-blockers had an increased risk of
death and/or heart failure hospitalisation compared to those
on higher doses, even after adjustment for potential con-
founders [13]. This association of low doses of RAAS in-
hibitors with poor outcomes was consistent across all the
whole age spectrum, according to a recent analysis of the
same study [14]. All measures able to overcome barriers to
drug up-titration are therefore of great importance. In rou-
tine clinical practice, much time is spent convincing pa-
tients and their general practitioners that medication up-
titration is important despite an apparently stable clinical
condition.

Hyperkalaemia in heart failure with reduced
ejection fraction

According to a recent consensus document, hyperkalaemia
is defined as a K* level >5 mmol/l and is classified as mild
(>5.0 to <5.5 mmol/l), moderate (5.5 to 6.0 mmol/l) or se-
vere (>6.0 mmol/l) [15]. Hyperkalaemia is a frequent find-
ing in patients with HFrEF. In recent large RCTs involv-
ing RAAS inhibitors, the incidences of hyperkalaemia >5.5
mmol/l for enalapril, sacubitril/valsartan and eplerenone
were 17.3%, 16.1% and 12%, respectively, while hyper-
kalaemia >6.0 mmol/l was observed in 5.6%, 4.3% and
2.5% of cases, respectively [16, 17]. These numbers are
quite significant in view of the carefully selected and mon-
itored trial populations. A recent population-based cohort
study from Denmark reported incidence rates of hyper-
kalaemia >5.0 mmol/l and >5.5 mmol/l of 39% and 20%,
respectively, in 31,649 patients with newly diagnosed heart
failure during a mean follow-up of 2.2 years [18]. Predic-
tors of hyperkalaemia were CKD, diabetes mellitus and
use of MRAs. Swiss data on hyperkalaemia are available
from a secondary analysis of the TIME-CHF trial in 566
elderly heart failure patients, mostly with reduced LVEF,
who received optimal medical therapy [19]. Over a follow-
up of 18 months, 13.4% of the patients presented with
moderate hyperkalaemia (>5.5 mmol/l) and 4.9% with se-
vere hyperkalaemia (>6.0 mmol/1). High baseline K™, gout,
CKD, higher NYHA class, spironolactone baseline dose
and up-titration were identified as independent predictors
of hyperkalaemia.

Abnormal K* levels have a profound effect on the mem-
brane excitability of cardiomyocytes which may result in
life-threatening arrhythmias and conduction disturbances.
This may explain the increased mortality rate in HFrEF pa-
tients with hyperkalaemia, especially hyperkalaemia above
5.5 mmol/l, reported in post-hoc analyses of the RALES
and EMPHASIS-heart failure RCTs, which tested spirono-
lactone and eplerenone, respectively [20, 21] However, in
both studies the benefits of MRAs compared to a placebo
were maintained across the whole spectrum of K* levels.
The magnitude of the impact of hyperkalaemia was further
investigated in a large Danish registry of 19,549 HFrEF
patients, where K" levels between 5.1 and 5.5 mmol/l and
between 5.6 and 7.4 mmol/l were associated with 1.6 and
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3.3 times higher short-term mortality risks (90 days), re-
spectively, compared to normal K* levels (4.2 to 4.4 mmol/
1) [22]. These results are consistent with other observa-
tional data from Denmark reporting a 3.3 times higher
mortality risk at 6 months in patients with hyperkalaemia
>5.0 mmol/l compared to matched patients without hyper-
kalaemia [18]. Interestingly, more recent observational da-
ta from 9222 chronic heart failure patients of the ESC-
HFA-EORP heart failure long-term registry suggest that
hyperkalaemia may be a risk marker for the discontinua-
tion of RAAS inhibitors rather than an independent predic-
tor of mortality in patients with heart failure [23].

Several strategies to treat chronic hyperkalaemia are cur-
rently available (fig. 1). A simple first approach is re-
stricting dietary potassium intake. For example, salt sub-
stitutes with a high potassium content should be avoided.
However, there are no studies demonstrating the benefits
of low-potassium diets in chronic hyperkalaemia. In con-
trast, many observational studies in patients with CKD re-
port an association of low dietary potassium intake with
worse outcomes and higher mortality [24]. This may be
explained by the fact that healthy diets, such as a typical
Mediterranean diet, are rich in fruit and vegetables, and
consequently in potassium. Loop diuretics represent anoth-
er option for reducing K levels, since these drugs increase
urinary potassium excretion. Yet guidelines for chronic sta-
ble heart failure recommend the application of loop diuret-
ics at the lowest doses necessary to maintain fluid balance,
based on the absence of benefits on cardiovascular out-
comes and the risk of negative effects on renal function and
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electrolytes [6]. Finally, lowering the dosage of drugs im-
pairing potassium excretion may also reduce K* levels. All
drugs with nephrotoxic potential should be avoided. For
example, non-steroidal anti-inflammatory drugs are con-
traindicated in heart failure since renal dysfunction is al-
most always associated with hyperkalaemia. Current heart
failure guidelines recommend halving RAAS inhibitor
doses if K* levels increase to >5.5 mmol/l, monitoring K*
levels closely, and stopping RAAS inhibitor dosing in the
case of hyperkalaemia >6 mmol/l [6]. However, this con-
stitutes a real potassium dilemma in clinical practice, since
patients developing hyperkalaemia are often those who
could potentially benefit the most from maximum neuro-
hormonal blockade. Switching ACEIs or ARBs to ARNIs
may also be an option, not only to improve patients’ out-
comes, but also to reduce severe hyperkalaemia events, as
suggested by a secondary analysis of the PARADIGM-HF
trial [25]. Finally, dapagliflozin, a potent therapy newly
available for patients with HFrEF in Switzerland, does not
interfere with the RAAS and thus may be favoured in pa-
tients with HFTEF and hyperkalaemia [26]. Notably, these
last two strategies have not yet been studied specifically in
patients with HFrEF and hyperkalaemia.

Potassium binders

The first available potassium binders were synthetic
cation-exchange resins. These have been used since 1950
and were approved by the US Food and Drug Administra-
tion (FDA) in 1958 to treat hyperkalaemia [27]. Two potas-

Figure 1: Strategies currently available to treat chronic hyperkalaemia and their limitations.CPS = calcium polystyrene sulphonate; CKD =
chronic kidney disease; HF = heart failure; K* = potassium; RAAS = renin-angiotensin-aldosterone system; SPS = sodium polystyrene
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sium-binding resins are currently available in Switzerland:
calcium polystyrene sulphonate (CPS, Sorbisterit®) and
sodium polystyrene sulphonate (SPS, Resonium®). These
are insoluble polymers containing acidic structural units
that can exchange cations on contact with a solution. Al-
though they have been used for decades, their efficacy and
safety have only ever been studied in two RCTs, one of
97 patients with CKD and one of 33 patients with hyper-
kalaemia, with limited follow-ups of 3 days and 7 days,
respectively [28, 29]. Therefore, evidence for the efficacy
of these drugs for long-term treatment of hyperkalaemia is
lacking, and safety is a major concern since severe upper
and lower gastrointestinal injuries, such as necrosis, ulcer-
ations and perforations, have been associated with SPS use
[30]. Caution is also advised in patients with severe heart
failure due to the relatively high sodium content of SPS
(approximately 100 mg sodium per gram of SPS) [31].

Sodium zirconium cyclosilicate is another potassium
binder that has been developed more recently [32]. It has
been tested in two phase III RCTs and is now approved by
the FDA and the European Medicines Agency, but is not
currently available in Switzerland and will therefore not be
further discussed in the present review.

Patiromer

Patiromer is a sodium-free, organic, non-absorbed poly-
mer. It is synthesised as 100 um beads and binds potassium
in exchange for calcium, predominantly in the colon,
where potassium concentration is highest (fig. 2). It there-
fore increases faecal excretion of potassium and reduces
K" levels. It is usually administrated once daily as an oral
powder with a neutral taste. It should be mixed with 80
ml of water or with apple or cranberry juice (low potassi-
um content). The recommended starting daily dose is 8.4
g, and this can be adjusted on a weekly basis to a max-
imum dose of 25.2 g according to K™ levels and targets.

Swiss Med Wkly. 2020;150:w20362

The absorption of ciprofloxacin, levothyroxine, quinidine
and metformin can be reduced when these are administered
concomitantly with patiromer, but not if taken >3 hours
apart. Patiromer was approved by the FDA in 2015 and by
the European Medicines Agency in 2017. The number of
patients treated by patiromer (Veltassa®) in Switzerland is
not available, but more than 120,000 patients are current-
ly treated worldwide. Since 1 August 2020, it has been ac-
cepted for reimbursement by Swissmedic. The cost of 30
8.4 g or 16.8 g sachets corresponds to CHF 255.

Existing data with patiromer

Since 2011, patiromer has been tested in four multicentre
RCTs, which are summarised in table 1 [33—36]. These tri-
als mainly addressed patients with CKD, with the excep-
tion of the PEARL-HF study, which was conducted specif-
ically in patients with heart failure [33]. Sub-analyses of
the other three RCTs have been performed for heart fail-
ure patients, but these populations were not as well charac-
terised as in heart failure trials [37-39].

The randomised, double-blind PEARL-HF trial included
105 chronic heart failure patients with an indication to ini-
tiate spironolactone therapy [33]. Eleven patients (six in
the patiromer arm and five in the placebo arm) had heart
failure with preserved ejection fraction, defined as having
an LVEF >50%. Overall, the LVEFs of the two groups
were comparable (means of around 40%). The patients
had normal baseline K* levels (4.3-5.1 mmol/l) and ei-
ther CKD with an eGFR <60 ml/min/1.73m? or a history
of hyperkalaemia that had required the discontinuation of
RAAS inhibitors in the last 6 months. Patients were as-
signed to patiromer or placebo before spironolactone ini-
tiation (25 mg/day) and further up-titration (50 mg/day)
after two weeks if K* remained <5.1 mmol/l. Spironolac-
tone up-titration was successful in 91% of patients in the

A

Figure 2: Structure of the novel potassium binder patiromer.A. Chemical structure of patiromer anion (m indicates number of 2-fluo-
ro-2-propenoic acid groups; n, p, indicate number of cross-linking groups. *An extended polymeric network.B. Light microscopy images (x100
magnification) of patiromer. Adapted with the permission of SAGE from: Li L, et al. J Cardiovasc Pharmacol Ther. 2016;21(5):456-65.

B
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Table 1: Summary of the four main clinical trials demonstrating the efficacy and safety of patiromer.

Swiss Med WKkly. 2020;150:w20362

Study Duration and de- Patient population Baseline treatments Outcomes Adverse events
sign Pat PI
PEARL-HF 4 weeks 105 normokalaemic pa- |ACEl or ARB |24% 18% Pat decreased serum K* | Mainly gastrointestinal: flatu-
Pitt B, et al. Eur Heart J. Randomised, dou- |tients with HF (including |or BB levels (difference be- lence (7%), diarrhoea (5%),
2011;32(7):820-8 [33] ble-blind, Pat (30 g/ |11 with HFpEF, mean ACE| or ARB + | 73% 76% tween groups of -0.45 constipation (5%) and vomit-
day) vs PI LVEF: 40%), indication to BB mmol/l; p <0.001), low- [ing (4%), and mild or moder-
initiate spironolactone > > ered the incidence of hy- | ate in severity.
therapy and ACEl + ARB + 4% 2% perkalaemia (7 vs 25%),
— history of hyper- BB and enabled up-titration
kalaemia causing discon- | Diuretic 75% 74% of patients’ spironolac-
tinuation of RAASI/BB, tone dose (91 vs 74%; p
or =0.019).
CKD (eGFR <60 ml/min)
and were receiving one
or more HF therapies
(ACEI, ARB, beta-block-
er)
OPAL-HK Phase A (treatment |237 patients with CKD ACEI 67% 73% Pat decreased K* levels |During phase A, mild-to-
Weir MR, et al. N Engl J phase — 4 weeks): and hyperkalaemia who [ ARpg 44% 31% (mean change at the end | moderate constipation was
Med. 2015; 372(3):211-21 | single-blind, single- |were on RAASI. of Phase A: =1.01 + 0.03 |the most common adverse
[34] arm 102 (42%) patients with | MRA 7% 8% mmol/l; p <0.001), re- | event (11%).
Phase B (withdrawal |HF (as per the investiga- | Dual RAAS 18% 12% duced the recurrence of | During phase B, the propor-
phase — 8 weeks):  |tors’ judgement). blockade hyperkalaemia (15 vs tion of patients with >1 ad-
randomised, pla_lce— Non-RAASI di- |51% 52% 60%), and enab_led more | verse events was similar in
bo-controlled, sin- uretic patients to continue their |the Pl and Pat groups (50%
gle-blind RAAS: therapy (94 vs and 47%, respectively).
44%).
Patients with HF: Pat
significantly reduced:
— K" level mean change
at the end of Phase A:
-1.01 £ 0.03 mmol/l; p
<0.001,
— Recurrence of hyper-
kalaemia (8 vs 52%) at
the end of Phase B.
Pat enabled more pa-
tients to continue their
RAAS: therapy (100 vs
55%).
AMETHYST-DN 52 weeks 306 patients with type 2 | ACEI 49.3% Pat starting doses of 4.2 | Hypomagnesaemia (7.2%)
Bakris G, et al. JAMA. 2015; | Open-label, with 3 | diabetes, CKD, mild to ARB 24.3% to 16.8 g b.i.d. de- was the most common ad-
314:151-61 [35] randomised starting | moderate hyperkalaemia, creased K* levels after 4 |verse event followed by mild
doses all under RAASI therapy. MRA 0.3% weeks to moderate constipation
105 (35%) patients with | Non-RAAS: di- 42.8% —0.35 (95%Cl, (4.6%), and diarrhoea
HF: LVEF <40%: 26 (8%) | uretic 0.22-0.48) mmol/l for 4.2 | (2.7%).
patients. g;
—0.51 (95%Cl,
0.38-0.64) mmol/l for 8.4
9
—0.55 (95%Cl,
0.42-0.68) mmol/l for
12.6 g, for patients with
mild hyperkalaemia;
—0.87 (95%Cl,
0.60-1.14) mmol/l for 8.4
9
—0.97 (95%Cl,
0.70-1.23) mmol/l the
12.6 g,
—0.92 (95%Cl,
0.67-1.17) mmol/l for
16.8 g for patients with
moderate hyper-
kalaemia.
Patients with HF: At
week 4, least squares
mean reductions in K*
levels were
—0.64 mmol/l (mild
baseline hyperkalaemia)
—0.97 mmol/l (moderate
baseline hyperkalaemia).
AMBER 12 weeks 295 patients with CKD BB 59% 58% Pat decreased serum K* | The most common adverse
Agarwal R, et al. Lancet. Randomised, dou- | and resistant hyperten- RAASI 100% 99% levels, reduced the re- event was diarrhoea, which
2019; 394(10208):1540-50 |ble-blind, placebo- |sion (despite >3 antihy- — S . currence of hyper- occurred in a similar propor-
[36] controlled trial pertensive drugs), all Diuretics 99% 98% kalaemia (p <0.0001), [tion of patients in each treat-
treated with spironolac- |CCB 73% 72% and enabled more pa- ment group (5 to 6%).
tone. tients to remain on
132 (45%) patients with spironolactone (86 vs
HF 66%, 95% CI 10-0-29-0;
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Study

Duration and de- Patient population Baseline treatments

Outcomes Adverse events

sign Pat

Pl

— HFrEF: 55 patients
— HFpEF: 54 patients.

p <0-0001).

Patients with HF: At
week 12, 84.1% vs.
68.1% of patients re-
mained on spironolac-
tone (p = 0.0504).

ACEI = angiotensin converting enzyme inhibitors; ARB = angiotensin-II receptor blockers; BB = beta-blockers; CCB = calcium channel blockers; CKD = chronic kidney disease;
eGFR = estimated glomerular filtration rate; HF = heart failure; HFpEF = heart failure with preserved ejection fraction; HFrEF = heart failure with reduced ejection fraction; K* =
potassium; LVEF = left ventricular ejection fraction; MRA = mineralocorticoid receptor antagonists; Pat = patiromer; Pl = placebo; RAASI = renin-angiotensin-aldosterone system

inhibitors

patiromer arm compared to 74% in the placebo arm (p =
0.019).

The OPAL-HK study included 237 patients with CKD
(eGFR from 15 to <60 ml/min/1.73 m?) and hyperkalaemia
(K" levels from 5.1 to <6.5 mmol/l), all of whom were re-
ceiving RAAS inhibitors [34]. In the first, 4-week phase,
all patients received patiromer 4.2 g or 8.4 g twice daily.
Study participants with moderate to severe baseline hy-
perkalaemia who reached target K™ levels (3.8 to <5.1
mmol/l) were then randomly assigned to either continuing
patiromer or switching to a placebo during a second,
8-week phase. After 4 weeks, the mean reduction in K*
levels was 1.01 mmol/l, with 76% of patients achieving
target K* levels.

A sub-analysis of OPAL-HK was performed in 102 (42%)
patients with a clinical diagnosis of heart failure, as per
the investigators’ judgement [38]. The mean reduction in
K" from baseline to week four was 1.06 mmol/l, and 76%
achieved target K levels. At the end of the withdrawal
phase, 52% of patients in the placebo arm had at least one
hyperkalaemic episode compared to 8% in the continuing
patiromer arm. Only 55% of patients in the placebo arm
were still on RAAS inhibitors at the end of the study, com-
pared to 100% in the treatment arm.

AMETHYST-DN was a phase II, multicentre, open-label,
dose-ranging RCT that included 306 outpatients with type
2 diabetes mellitus, CKD (eGFR from 15 to <60 ml/min/
1.73 m?) and hyperkalaemia (>5.0 mmol/l), all of whom
were treated by at least one RAAS inhibitor [35]. A 4-week
run-in period with optimisation of RAAS inhibition ther-
apy was performed in a subgroup of normokalaemic pa-
tients. Then, all hyperkalaemic patients were randomly as-
signed to different starting doses of patiromer (8.4 g to 33.6
g per day), which could be adjusted to maintain normal
K* levels (3.8 to 5.0 mmol/l) during a total follow-up of
52 weeks. Depending on baseline K™ levels and patiromer
dose, least squares mean reductions in K™ levels from base-
line to week four ranged from 0.35 to 0.97 mmol/l. The
proportion of patients with normal K* levels at each of the
scheduled visits ranged from 77.4% to 95.1%, and adher-
ence during the 52 weeks was high, with >90% of patients
continuing patiromer treatment. Over the entire 52-week
study, the mean daily patiromer doses were 19.4 + 9.1 and
27.2 + 10.8 g/day in patients with mild and moderate hy-
perkalaemia, respectively.

A sub-analysis of the AMETHYST-DN trial was per-
formed in the 105 (35%) patients with clinical heart failure,
26 of whom had an LVEF <40% [37]. At week four, the
least squares mean reductions in K* levels were 0.64 and
0.97 mmol/l in patients with mild and moderate baseline
hyperkalaemia, respectively. From week 12 to week 52, the

majority of patients, >88% and >73% in patients with mild
and moderate baseline hyperkalaemia, respectively, main-
tained normal K+ levels at each visit.

The AMBER study was a phase II multicentre, ran-
domised, double-blind, placebo-controlled study that in-
cluded 295 patients with CKD (eGFR 25 to 45 ml/min/1.73
m?) and resistant hypertension, but normal baseline K* lev-
els (4.3 to 5.1 mmol/l) [36]. Patients were randomly as-
signed to receive either placebo or patiromer (8.4 g o.d.)
in addition to open-label spironolactone on top of all their
baseline blood pressure medications. At the end of the
12-week follow-up, the proportion of patients remaining
on spironolactone was 86% in the patiromer group com-
pared to 66% in the placebo group (p <0.0001), with 35%
of patients in the patiromer group and 65% of patients
in the placebo group having experienced a hyperkalaemia
event.

In 2020, a pre-specified subgroup analysis of the AMBER
study in patients with a clinical history of heart failure was
published [39]. Sixty-three of the 132 heart failure patients
were randomised to patiromer and 69 to a placebo. Fifty-
five (42%) patients had HFrEF and 54 (41%) had heart
failure with preserved LVEF. The remaining patients had
either heart failure with midrange LVEF or an unknown
LVEEF. In the heart failure subgroup, the proportion of pa-
tients remaining on spironolactone at week 12 was 84.1%
in the patiromer group compared to 68.1% in the placebo
group (p = 0.0504), with no significant interaction between
the subgroups with and without heart failure (p = 0.8085).
Adverse events were also consistent with those of the over-
all study population.

All these studies demonstrate that patiromer can safely re-
duce K" levels over the long term and can improve suc-
cessful initiation or up-titration of spironolactone in pa-
tients with CKD who are being treated with RAAS
inhibitors. Notably, with the exception of the PEARL-HF
study, the proportion of heart failure patients was relatively
small, ranging from 35% in AMETHYST-DN to 45% in
AMBER. Furthermore, these populations were not very
well characterised with regards to, for example, LVEF.
So far, there has been no definitive evidence that adding
patiromer in HFTEF patients with hyperkalaemia or who
are at risk for hyperkalaemia in order to allow initiation/
up-titration of heart failure therapies improves outcomes.
This will be the objective of the ongoing DIAMOND study
(NCT03888066), a phase IlIb, multicentre, double-blind,
placebo-controlled, randomised study which is expected to
be completed in March 2022. There will be a 12-week run-
in phase on open-label patiromer with heart failure treat-
ment optimisation, followed by a randomised withdrawal
of patiromer during the rest of the study. The study plans to
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