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Abstract
Introduction: Renin-angiotensin-aldosterone system inhibi-
tor (RAASi; including mineralocorticoid receptor antagonists
[MRAs]) benefits are greatest in patients with heart failure
with reduced ejection fraction (HFrEF) and chronic kidney
disease (CKD); however, the risk of hyperkalemia (HK) is high.
Methods: The DIAMOND trial (NCT03888066) assessed the
ability of patiromer to control serum potassium (sK+) in pa-
tients with HFrEF with/without CKD. Prior to randomization
(double-blind withdrawal, 1:1), patients on patiromer had to
achieve ≥50% recommended doses of RAASi and 50 mg/day
of MRA with normokalemia during a run-in period. The
present analysis assessed the effect of baseline estimated
glomerular filtration rate (eGFR) in subgroups of ≥/<60, ≥/<45
(prespecified), and ≥/<30 mL/min/1.73 m2 (added post hoc).
Results: In total, 81.3, 78.9, and 81.1% of patients with
eGFR <60, <45, and <30 mL/min/1.73 m2 at screening
achieved RAASi/MRA targets. A greater efficacy of patiromer
versus placebo to control sK+ in patients with more advanced
CKD was reported (p-interaction ≤ 0.027 for all eGFR subgroups).
Greater effects on secondary endpoints were observed with
patiromer versus placebo in patients with eGFR <60
and <45 mL/min/1.73 m2. Adverse effects were similar be-
tween patiromer and placebo across subgroups. Conclusion:
Patiromer enabled use of RAASi, controlled sK+, and mini-
mized HK risk in patients with HFrEF, with greater effect sizes
for most endpoints noted in patient subgroups with lower
eGFR. Patiromer was well tolerated by patients in all eGFR
subgroups. © 2024 The Author(s).

Published by S. Karger AG, Basel

Plain Language Summary
Patients with chronic kidney disease (CKD) can develop high
potassium (hyperkalemia) levels in their blood that can lead
to complications such as heart issues. Renin-angiotensin-
aldosterone system inhibitors (RAASis) are used as treatment
for heart failure and CKD, but can also cause hyperkalemia,
so are underutilized and used at lower than optimal doses.
Patiromer is a potassium binder which was investigated in
the DIAMOND trial to identify if it could reduce hyperkalemia
in patients receiving RAASis. Lower kidney function (eGFR)
has been associated with a greater likelihood of stopping
treatment with RAASis; therefore, this analysis assessed the
effect of patiromer on patients with varying eGFR levels.
Patiromer enabled use of effective RAASi doses, controlled
the serum potassium levels and minimized hyperkalemia in
patients with heart failure and CKD.

© 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

An estimated glomerular filtration rate (eGFR)
of <60 mL/min/1.73 m2 is reported in approximately
half of patients with heart failure (HF) [1], owing
partially to a bidirectional detrimental effect of chronic
kidney disease (CKD) on HF and vice versa, as well as
multiple shared risk factors and pathophysiological
mechanisms [2]. Renin-angiotensin-aldosterone system
inhibitors (RAASis; including mineralocorticoid re-
ceptor antagonists [MRAs]) are recommended by the
2020/2021 Kidney Disease Improving Outcomes
(KDIGO) guidelines for the treatment of patients with
CKD (with or without diabetes) at the highest tolerated
approved dose [3, 4].

RAASi therapy in patients with heart failure with
reduced ejection fraction (HFrEF) has been reported to
be underutilized and underdosed, especially in patients
with comorbid/severe CKD [5, 6]. Analysis of the
Swedish Heart Failure Registry indicates that patients
with HF and CKD are less likely to be prescribed and
adhere to evidence-based therapies such as RAASi [7]. In
an HFrEF registry, only 25% of patients were receiving
target doses of MRA therapy, while <15% received target
doses of angiotensin-converting enzyme inhibitors
(ACEis), angiotensin receptor blockers (ARBs), or an-
giotensin receptor neprilysin inhibitors (ARNis) [5].
Lower eGFR has been associated with a greater likeli-
hood of discontinuing RAASi therapy and a reduced
likelihood of receiving an MRA [8, 9]. The underuse of
RAASi treatment is evident in patients with the greatest
clinical need [5, 7].

The risk of hyperkalemia (HK) increases as eGFR
declines, although the absolute benefits of MRA and
RAASi may be greatest in patients with concomitant
comorbid HF and CKD. The 2020 KDIGO guidelines
recommend that reduction or discontinuation of RAASi
therapy should be a last resort in patients with HK and
measures including low K+ diet, diuretics, and potas-
sium binders should be considered first to maintain
RAASi therapy. Unfortunately, diuretics are less effec-
tive as eGFR declines and adverse events (AEs), such as
orthostatic hypotension and worsening kidney function,
can occur [10–13].

Patiromer is a non-absorbed potassium binder that uses
sodium-free exchange (which may be of value in patients
with CKD and comorbid HF) [14–16]. The DIAMOND
trial investigated patiromer for the management of HK in
participants receiving RAASi medications for the treatment
of HF [17]. This subgroup analysis examined the effect of
CKD stages in terms of baseline eGFR on outcomes in the

DIAMOND: Chronic Kidney Disease
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DIAMOND patient population (eGFR subgroups ≥/<60
and ≥/<45 mL/min/1.73 m2 had been prespecified, and ≥/
<30 mL/min/1.73 m2 were added post hoc).

Methods

DIAMOND Trial Design and Patients
The rationale and design of the DIAMOND trial

(NCT03888066) has been previously published [18].
Briefly, DIAMOND was a prospective, Phase 3, inter-
national, multicenter, double-blind, randomized with-
drawal, placebo-controlled trial. An independent Ethics
Committee at each center approved the trial, which was
conducted in accordance with the principles of the
Declaration of Helsinki, the International Conference on
Harmonization Good Clinical Practice, and local and
national guidelines. Written informed consent was
obtained from all participants prior to any trial-related
procedures.

Participants included in DIAMOND had HFrEF (left
ventricular ejection fraction ≤40%) with either current
HK (defined as serum potassiun [sK+] >5.0 mEq/L) or
previous RAASi-related HK (within 1 year) at screening.
In the initial 12-week, single-blind, run-in phase, all
patients received patiromer (titrated up to a maximum of
three packs/day; 8.4 g/pack) and were optimized on
RAASi therapy, including MRA (spironolactone or
eplerenone, titrated to 50 mg/day), and ≥50% of rec-
ommended doses of other RAASi drugs (as indicated by
practice guidelines and using clinical judgement). Pa-
tients with successful RAASi optimization and sK+ values
between 4.0 and 5.0 mEq/L achieved within 12 weeks
during the run-in phase were randomized in a 1:1 ratio to
receive either continued patiromer (dose maintained or
adjusted at investigator discretion) or to withdraw from
patiromer and receive placebo in the subsequent double-
blind withdrawal phase. During the double-blind treat-
ment phase RAASi medication could also be adjusted
according to investigator discretion.

The primary endpoint was the mean difference in sK+

levels from baseline (immediately prior to randomiza-
tion) until trial end. Secondary hierarchical outcomes
included (1) time-to-first event of HK >5.5 mEq/L; (2)
time to discontinuation or reduction of target MRA dose
for at least 14 days or less if at the end of study (i.e., lack
of durable enablement of MRA at target dose); (3)
investigator-reported AEs of HK (first and recurrent);
(4) win ratio for HK-related morbidity-adjusted out-
comes with the following sequence: time to cardiovas-
cular death, cardiovascular hospitalization, total hy-

perkalemic events >6.5 mEq/L, >6.0 to 6.5 mEq/L,
and >5.0 to 6.0 mEq/L; and (5) win ratio of novel RAASi
use score (range 0–8), based on two components: 1/0 to 2
points for all-cause death, occurrence of a cardiovascular
hospitalization, or neither; 2/0 to 2 points for each HF
medication use and dose of (i) ACEi/ARB/ARNi, (ii) an
MRA, and (iii) a beta-blocker (as described previ-
ously [17]).

Baseline eGFR Subgroup Analysis
The present prespecified subgroup analysis (in pa-

tients eGFR ≥30 mL/min/1.73 m2 at screening) stratified
patients into subgroups based on baseline eGFR, cor-
responding with CKD stage. Outcomes in patients with
eGFR ≥60 mL/min/1.73 m2 (CKD stage 1–2) were
compared with those in patients with eGFR <60 mL/
min/1.73 m2 (CKD stage ≥3a – prespecified analysis),
and outcomes in patients with eGFR ≥45 mL/min/
1.73 m2 (CKD stage ≤3a) were compared with those in
patients with eGFR <45 mL/min/1.73 m2 (CKD
stage ≥3b – prespecified analysis). Although patients
with eGFR <30 mL/min/1.73 m2 (CKD stage >4) at
screening were excluded from the DIAMOND trial
because they were unable to be prescribed spi-
ronolactone [17, 19], patients could have eGFR <30 mL/
min/1.73 m2 at baseline and then a further post hoc,
exploratory subgroup analysis with patients stratified by
eGFR ≥30 versus <30 mL/min/1.73 m2 at baseline was
conducted.

Statistical Analyses
For the primary outcome, the least adjusted change

from baseline (95% confidence intervals [CIs]) was
reported for each treatment arm within each eGFR
subgroup and the estimated treatment difference (95%
CI) between placebo and patiromer arms was calculated
using a model for repeated measures with adjustment
for the following covariates: treatment, visit, geo-
graphic region, sex, diabetes, baseline eGFR (contin-
uous), and baseline sK+; p values for the interaction
between eGFR subgroup and treatment effect were
calculated for each subgroup pair (eGFR ≥60
vs. <60 mL/min/1.73 m2; ≥45 vs. <45 mL/min/1.73 m2;
and ≥30 vs. <30 mL/min/1.73 m2).

Key secondary outcomes were analyzed in a hierar-
chical manner in the order outlined above. For each key
secondary outcome, estimates by treatment arm within
each eGFR subgroup were calculated along with 95% CIs
for treatment differences; p values for the association
between eGFR subgroup and treatment outcomes were
calculated for each subgroup pair. Analyses (hazard ratio
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and p value) were carried out using a Cox proportional
regression model adjusted for treatment, geographic re-
gion, sex, diabetes, baseline sK+, and baseline eGFR for
time-to-first event endpoints; a negative binomial re-
gression model (event rate with the logarithm of the
individual follow-up time as offset) for investigator-
reported HK AEs endpoints adjusted for treatment,
geographic region, sex, diabetes, baseline sK+, and
baseline eGFR, and an unmatched win-ratio approach for
HK-related outcomes (adjusted for morbid events) and
comprehensive RAASi use score. For all analyses, SAS
version 9.4 (SAS Institute, Inc., Cary, NC, USA;
2000–2004) was used. Outcomes originally planned to be
assessed at the end-of-study visit were instead assessed using
the last available data on or before June 24, 2021 (study
closure announced) with the exception of safety outcomes,
for which all data are reported (no cutoff date was applied).

All results should be interpreted descriptively. Event-driven
endpoints were also assessed post hoc to determine the
absolute risk reduction (ARR) of patiromer versus placebo
and number needed to treat (NNT).

Results

RAASi Optimization during Run-in Phase
In total, 1,195 patients entered and 1,038 completed

the run-in phase of the DIAMOND trial; of these, 878
(85%) patients were able to achieve target doses of RAASi,
including MRA, with normokalemia while on patiromer.
These 878 patients were randomized in the withdrawal
double-blind treatment phase and 414, 210, and 42 pa-
tients had an eGFR at randomization of <60, <45,
and <30 mL/min/1.73 m2, respectively.

Fig. 1. Primary outcome: adjusted mean changes in sK+ level (mEq/
L) from baseline to end of study. Estimates are from analysis based
on model of repeated measures (MMRM). aFor the eGFR ≥/<60
and ≥/<45 mL/min/1.73 m2 subgroups, the error terms assume to
follow multivariate normal distribution with unstructured covari-
ance. Model: change = treatment + geographic region + sex +
baseline T2DM status + visit + baseline K+ value + baseline eGFR.
Interaction model: change = treatment + geographic region + sex +
baseline T2DM status + visit + baseline K+ value + baseline eGFR +
baseline eGFR subgroup + treatment and baseline eGFR subgroup
interaction. Regions defined as region A (USA and Canada), region
B (Mexico, Argentina, Brazil), region C (France, Germany, Italy,
Netherlands, Spain, UK, Israel, Belgium), region D (Bulgaria, Czech

Republic, Hungary, Poland, Russia, Serbia, Ukraine, Georgia). bFor
the eGFR ≥/<30mL/min/1.73 m2 subgroup, the error terms assume
to follow multivariate normal distribution with compound sym-
metry covariance. Model: change = treatment + geographic region
(USA, non-USA) + sex + baseline T2DM status + visit + baseline K+

value + baseline eGFR. Interaction model: change = treatment +
geographic region (USA, non-USA) + sex + baseline T2DM status +
visit + baseline K+ value + baseline eGFR + baseline eGFR subgroup
+ treatment and baseline eGFR subgroup interaction. CI, confidence
interval; eGFR, estimated glomerular filtration rate; K+, potassium;
n1, number of patients in the patiromer group; n2, number of
patients in the placebo group; sK+, serum potassium; T2DM, type 2
diabetes mellitus.
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At screening, approximately 70% of patients were not
receiving 100% recommended dose of ACEi/ARB/ARNi
(72.2, 71.0, and 69.0% with respective baseline eGFRs
of <60, <45, and <30 mL/min/1.73 m2) and approximately
30% were not on ≥50% recommended doses of ACEi/ARB/
ARNi (30.2, 30, and 26.2%, respectively). In addition, the
majority of patients were not on 100% recommended dose of
MRAs (74.2, 78.6, and 81.0%, respectively). A total of 62.3,
54.8, and 54.8%, respectively, of patients were receiving
MRAs. After the run-in phase, the proportion of patients on
100% recommended dose of ACEi/ARB/ARNi increased to

approximately two-thirds (61.8, 59.0, and 59.5% with re-
spective baseline eGFRs of <60, <45, and <30 mL/min/
1.73 m2), and the majority of patients were on ≥50% rec-
ommended doses of ACEi/ARB/ARNi (98.8, 97.6, and 100%,
respectively) and 100% recommended dose of MRAs (98.3,
99.0, and 100%, respectively) (Table 1).

Baseline Characteristics by eGFR Subgroup
For each subgroup pairing, the mean age, proportion of

women, median systolic blood pressure, and frequency of
diabetes at baseline were greater in the lower than higher

Fig. 2. Time-to-first event of HK of sK+ >5.5 mEq/L by baseline eGFR subgroup during the randomized double-
blind treatment phase, cumulative incidence function – FAS (n = 878). Aalen-Johansen estimators of the
cumulative incidence function with death as a competing event. Only data up to Week 54 are displayed. Data
cutoff at June 24, 2021. CI, confidence interval; eGFR, estimated glomerular filtration rate; FAS, full analysis set;
HR, hazard ratio; sK+, serum potassium.
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subset of each eGFR subgroup pairing (apart from the
systolic blood pressure and frequency of diabetes for the
eGFR ≥30 vs. <30 mL/min/1.73 m2 subgroup pairing, which
were similar in both subsets) (Table 1). Mean current left
ventricular ejection fraction and local sK+ were similar be-
tween eGFR subgroups at baseline; however, HK at screening
was less common in the higher than lower subset of the eGFR
subgroup pairings (for respective eGFR subgroups of ≥60
vs. <60, ≥45 vs. <45, and ≥30 vs. <30 mL/min/1.73 m2: 34.5
vs. 46.9%, 36.8 vs. 51.4%, and 38.6 vs. 73.8%, respectively).

Primary Outcome by eGFR Subgroup
The adjusted mean changes in sK+ level from baseline

to end of trial (primary endpoint; median follow-up 27
[13–43] weeks) favored patiromer versus placebo across
all eGFR subgroups analyzed, with estimated mean
treatment differences between patiromer and placebo
(95% CIs) of −0.07 (–0.11, −0.03) and −0.14
(−0.18, −0.09) mEq/L in the ≥60 and <60 mL/min/
1.73 m2 subgroups; −0.08 (−0.11, −0.04) and −0.19
(−0.26, −0.12) mEq/L in the ≥45 and <45mL/min/1.73 m2

eGFR 60 mL/min/1.73 m2 eGFR <60 mL/min/1.73 m2

eGFR <45 mL/min/1.73 m2eGFR 45 mL/min/1.73 m2

HR (95% CI) 0.81 (0.45; 1.46) HR (95% CI) 0.60 (0.39; 0.91)
Interaction P = 0.434

HR (95% CI) 0.79 (0.51; 1.21) HR (95% CI) 0.48 (0.28; 0.81)
Interaction P = 0.100

eGFR 30 mL/min/1.73 m2 eGFR <30 mL/min/1.73 m2

Interaction P = 0.814
HR (95% CI) 0.62 (0.44; 0.88) HR (95% CI) 0.81 (0.23; 2.89)

Fig. 3. Time to reduction of MRA dose below target (50 mg of spironolactone or eplerenone) by baseline eGFR
subgroup during the randomized double-blind treatment phase, cumulative incidence function – FAS (n = 878).
Aalen-Johansen estimators of the cumulative incidence function with death as a competing event. Only data up to
Week 54 are displayed. Data cutoff at June 24, 2021. CI, confidence interval; eGFR, estimated glomerular filtration
rate; FAS, full analysis set; HR, hazard ratio; MRA, mineralocorticoid receptor antagonist.
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subgroups; and –0.10 (−0.14, −0.07) and −0.27
(−0.42, −0.12) mEq/L in the ≥30 and <30mL/min/1.73 m2

subgroups (Fig. 1). The treatment effect was more pro-
nounced in the lower versus the higher subset of each
eGFR subgroup pairing, with p values for interaction of
0.027, 0.003, and 0.027 for the eGFR ≥/<60, ≥/<45, and ≥/
<30 mL/min/1.73 m2 subgroups, respectively. This effect
appeared to be primarily driven by smaller increases in sK+

in the higher than lower subset of the eGFR subgroup
pairings with placebo (for respective eGFR subgroups
of ≥60 vs. <60, ≥45 vs. <45, and <30 vs. ≥30 mL/min/
1.73m2: 0.12 vs. 0.14 mEq/L, 0.09 vs. 0.25mEq/L, and 0.08
vs. 0.22 mEq/L, respectively), that is, in the placebo group,

higher baseline eGFR was associated with lesser in-
creases in sK+, while the change in sK+ remained similar
across subgroups in the patiromer arm (for respective
eGFR subgroups of eGFR ≥60 vs. <60, ≥45 vs. <45,
and ≥30 vs. <30 mL/min/1.73 m2: 0.05 vs. 0.002 mEq/L,
0.02 vs. 0.06 mEq/L, and −0.03 vs. −0.05 mEq/L,
respectively).

In general, a greater effect of patiromer versus placebo
was reported with lower eGFR during the withdrawal
phase, with the greatest treatment effect observed in the
subset of patients with eGFR <30 mL/min/1.73 m2

(based on 42 subjects: 30 with patiromer vs. 12 with
placebo).

a

b

c

Fig. 4.HK-related outcomes during the randomized double-blind treatment phase – FAS (n = 878): stratified win
ratio for baseline (a) eGFR ≥60 mL/min/1.73 m2 versus eGFR <60 mL/min/1.73 m2, (b) eGFR ≥45 mL/min/
1.73 m2 versus eGFR <45mL/min/1.73 m2, and (c) eGFR ≥30mL/min/1.73 m2 versus <30mL/min/1.73 m2.Win
ratios relate to unmatched pairs. CI, confidence interval; CV, cardiovascular; HK, hyperkalemia; eGFR, estimated
glomerular filtration rate; FAS, full analysis set; K+, potassium.
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Secondary Outcomes by eGFR Subgroup
For the time-to-first hyperkalemic event >5.5 mEq/L

endpoint, the effect of patiromer versus placebo was not
significantly different between subsets of eGFR sub-
group pairings (p values for interaction all >0.05 for the
eGFR ≥/<60, ≥/<45, and ≥/<30 mL/min/1.73 m2

subgroups) (Fig. 2). Similarly, the effect of patiromer
versus placebo on time-to-first investigator-reported
hyperkalemic AE was not significantly different be-
tween subsets of eGFR subgroup pairings (online suppl.
Fig. S1; for all online suppl. material, see https://doi.
org/10.1159/000540453). However, the ARR in
sK+ >5.5 mEq/L between placebo and patiromer was
greatest (21.8%) and the NNT was lowest (n = 5) in the
subset of patients with eGFR <30 mL/min/1.73 m2

(Table 2).
The effect of patiromer versus placebo on time to

reduction of MRA dose below target was also not
significantly different between subsets of eGFR sub-
group pairings (p values for interaction of 0.434, 0.100,
and 0.814 for the eGFR ≥/<60, ≥/<45, and ≥/<30 mL/
min/1.73 m2 subgroups, respectively) (Fig. 3). For
these MRA dose-reduction events, the ARR with pa-

tiromer was greater and the NNT was less in the lower
subsets of the eGFR subgroup pairings, with the
greatest ARR between placebo and patiromer (24.7%)
in the subset of patients with eGFR <45 mL/min/
1.73 m2 (Table 2).

HK-related morbidity-adjusted outcome favored
patiromer versus placebo across all subgroups (Fig. 4).
However, the win ratio was higher as a function of
eGFR decreasing (win ratios [95% CIs] of 1.47 [1.07,
1.96] and 1.61 [1.20, 2.19] for eGFR ≥60 and <60 mL/
min/1.73 m2, respectively; 2.00 [1.36, 3.00] for
eGFR <45 mL/min/1.73 m2, and 3.59 [1.39; 12.89] for
eGFR <30 mL/min/1.73 m2). RAASi use score win-ratio
point estimates favored patiromer versus placebo
across eGFR subsets except the eGFR <30 mL/min/
1.73 m2 subset (Fig. 5).

In general, patiromer was favored over placebo across
subgroups for HK-related morbidity and RAASi use score
win-ratio point estimates, although some subgroup
findings were not significant. The time-to-first hyper-
kalemic event >5.5 mEq/L and the time to reduction of
MRA dose below target were also not significantly dif-
ferent between eGFR subgroups.

Fig. 5.RAASi use score – FAS (n = 878): win ratio by baseline eGFR
subgroup. Win ratios relate to unmatched pairs; RAASI used score
based on the additive components (0–8 points) at the end of the
comparable follow-up period for each subject and each compar-
ison (pair). Higher score will determine the winner (patiromer vs.

placebo). Win ratio is defined as the number of unmatched pairs in
favor of patiromer divided by the numbers of unmatched pairs in
favor of placebo. Ties are not part of the win ratio calculation. CI,
confidence interval; eGFR, estimated glomerular filtration rate,
RAASi, renin-angiotensin-aldosterone system inhibitor.
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Adverse Events
The proportions of patients reporting treatment-

emergent AEs (TEAEs), TEAEs leading to study drug
withdrawal, or serious TEAEs were similar in the patiromer
and placebo arms for the eGFR ≥/<60 mL/min/1.73 m2

and ≥/<45 mL/min/1.73 m2 subgroups (Table 3). A lower
proportion of patients with eGFR <30 mL/min/1.73 m2

reported TEAEs with patiromer than placebo (76.7 vs.
91.7%); however, a higher proportion of patients reported
serious TEAEs (13.3 vs. 8.3%) or TEAEs (6.7 vs. 0%) leading
to study drug withdrawal with patiromer than placebo in
this subpopulation. A similar proportion of patients with
eGFR ≥30 mL/min/1.73 m2 reported TEAEs in both
treatment arms (patiromer: 72.6%; placebo: 73.5%).

Treatment-emergent HK was reported in a higher
proportion of patients in the placebo arm than the pa-
tiromer arm across all eGFR subgroups (Table 4). HK was
most common in patients with lower eGFRs (<60 mL/
min/1.73m2, <45mL/min/1.73m2, <30mL/min/1.73m2).

The proportions of patients reporting TEAEs of hypo-
magnesemia, diarrhea, constipation, or nausea were similar
in all subgroups and for both treatment arms (Table 4).
Hypokalemia was reported in a higher proportion of pa-
tients in the patiromer arm than the placebo armwithin each
eGFR subset (eGFR ≥60 mL/min/1.73 m2: 17.2 vs. 12.2%;
eGFR <60 mL/min/1.73 m2: 12.7 vs. 8.9%; eGFR ≥45 mL/
min/1.73 m2: 15.6 vs. 11.0%; eGFR <45 mL/min/1.73 m2:
13.6 vs. 9.8%; eGFR ≥30 mL/min/1.73 m2: 15.4 vs. 11.0%
and eGFR <30 mL/min/1.73 m2: 10.0 vs. 0%). The majority
of these hypokalemia events were reported as mild.

Discussion

In the run-in phase of the DIAMOND trial, patiromer
treatment facilitated RAASi optimization, including MRA,
in the majority of patients even with reduced eGFR.
In the double-blind phase, long-term patiromer treatment

Table 3. Treatment-emergent adverse events by baseline eGFR subgroup

Patiromer (N = 439) Placebo (N = 439)

eGFR ≥60 mL/min/
1.73 m2 (n = 227)

eGFR <60 mL/min/
1.73 m2 (n = 212)

eGFR ≥60 mL/min/
1.73 m2 (n = 237)

eGFR <60 mL/min/
1.73 m2 (n = 202)

TEAEs, n (%)
Any TEAE 160 (70.5) 160 (75.5) 175 (73.8) 150 (74.3)
TEAEs leading to
study drug
withdrawal

6 (2.6) 6 (2.8) 5 (2.1) 6 (3.0)

Serious TEAE 24 (10.6) 30 (14.2) 30 (12.7) 28 (13.9)

eGFR ≥45 mL/min/
1.73 m2 (n = 321)

eGFR <45 mL/min/
1.73 m2 (n = 118)

eGFR ≥45 mL/min/
1.73 m2 (n = 347)

eGFR <45 mL/min/
1.73 m2 (n = 92)

TEAEs, n (%)
Any TEAE 229 (71.3) 91 (77.1) 253 (72.9) 72 (78.3)
TEAEs leading to
study drug
withdrawal

7 (2.2) 5 (4.2) 7 (2.0) 4 (4.3)

Serious TEAE 36 (11.2) 18 (15.3) 41 (11.8) 17 (18.5)

eGFR ≥30 mL/min/
1.73 m2 (n = 409)

eGFR <30 mL/min/
1.73 m2 (n = 30)

eGFR ≥30 mL/min/
1.73 m2 (n = 427)

eGFR <30 mL/min/
1.73 m2 (n = 12)

TEAEs, n (%)
Any TEAE 297 (72.6) 23 (76.7) 314 (73.5) 11 (91.7)
TEAEs leading to
study drug
withdrawal

10 (2.4) 2 (6.7) 11 (2.6) 0 (0.0)

Serious TEAE 50 (12.2) 4 (13.3) 57 (13.3) 1 (8.3)

TEAEs are those that occur during the double-blind treatment phase. eGFR, estimated glomerular filtration rate; TEAE,
treatment-emergent adverse event.
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maintained lower sK+ levels, reduced the incidence of hy-
perkalemic events, and enabled a greater proportion of
patients to maintainMRA at target dose than placebo across
all eGFR subgroups. Although the subgroups were not all
prespecified, greater effect sizes were observed in patients
with lower than higher eGFRs for most endpoints, sug-
gesting that these high-risk, high-need patients with lower
eGFRmay derive the greatest benefit from patiromer. This is
particularly emphasized by the lower NNT values in the
lower eGFR subgroups. Given that patients with CKD who
are at risk for HK are frequently excluded from clinical trials,
the results of this analysis of the DIAMOND trial, which
included patients with current HK or previousHK, highlight

that HK does not need to be a barrier to RAASi orMRA use,
even in patients with impaired kidney function.

The OPAL-HK study of patients with CKD (46% stage 3;
45% stage 4; 9% stage 2) receiving RAASi showed that
patiromer withdrawal had a median increase in sK+ of
0.72mEq/L over 8 weeks after withdrawal, versus no change
in sK+ in those randomized to continue patiromer [14]. The
AMETHYST-DN study also showed that patiromer could
maintain normal sK+ levels in patients with diabetic kidney
disease taking RAASi for 52 weeks [20]. In the DIAMOND
study, HK at screening was more frequent in the patients
with lower than higher eGFRs at baseline. Withdrawal of
patiromer and switch to placebo following the run-in

Table 4. Most commonly reported treatment-emergent adverse events by preferred term and by baseline eGFR subgroup

Preferred term Patiromer (N = 439) Placebo (N = 439)

eGFR ≥60 mL/min/
1.73 m2 (n = 227)

eGFR <60 mL/min/
1.73 m2 (n = 212)

eGFR ≥60 mL/min/
1.73 m2 (n = 237)

eGFR <60 mL/min/
1.73 m2 (n = 202)

TEAEs, n (%)
HKa 89 (39.2) 108 (50.9) 122 (51.5) 116 (57.4)
Hypokalemiaa 39 (17.2) 27 (12.7) 29 (12.2) 18 (8.9)
Hypomagnesemia 7 (3.1) 12 (5.7) 7 (3.0) 15 (7.4)
Hypotensiona 6 (2.6) 10 (4.7) 4 (1.7) 9 (4.5)
Diarrhea 10 (4.4) 9 (4.2) 8 (3.4) 7 (3.5)
Constipation 3 (1.3) 8 (3.8) 1 (0.4) 4 (2.0)
Nausea 3 (1.3) 1 (0.5) 3 (1.3) 1 (0.5)

eGFR ≥45 mL/min/
1.73 m2 (n = 321)

eGFR <45 mL/min/
1.73 m2 (n = 118)

eGFR ≥45 mL/min/
1.73 m2 (n = 347)

eGFR <45 mL/min/
1.73 m2 (n = 92)

TEAEs, n (%)
HKa 134 (41.7) 63 (53.4) 183 (52.7) 55 (59.8)
Hypokalemiaa 50 (15.6) 16 (13.6) 38 (11.0) 9 (9.8)
Hypomagnesemia 14 (4.4) 5 (4.2) 17 (4.9) 5 (5.4)
Hypotensiona 8 (2.5) 8 (6.8) 10 (2.9) 3 (3.3)
Diarrhea 12 (3.7) 7 (5.9) 9 (2.6) 6 (6.5)
Constipation 7 (2.2) 4 (3.4) 3 (0.9) 2 (2.2)
Nausea 4 (1.2) 0 (0.0) 3 (0.9) 1 (1.1)

eGFR ≥30 mL/min/
1.73 m2 (n = 409)

eGFR <30 mL/min/
1.73 m2 (n = 30)

eGFR ≥30 mL/min/
1.73 m2 (n = 427)

eGFR <30 mL/min/
1.73 m2 (n = 12)

TEAEs, n (%)
HKa 179 (43.8) 18 (60.0) 229 (53.6) 9 (75.0)
Hypokalemiaa 63 (15.4) 3 (10.0) 47 (11.0) 0 (0.0)
Hypomagnesemia 16 (3.9) 3 (10.0) 20 (4.7) 2 (16.7)
Hypotensiona 14 (3.4) 2 (6.7) 12 (2.8) 1 (8.3)
Diarrhea 18 (4.4) 1 (3.3) 15 (3.5) 0 (0.0)
Constipation 10 (2.4) 1 (3.3) 4 (0.9) 1 (8.3)
Nausea 4 (1.0) 0 (0.0) 4 (0.9) 0 (0.0)

MedDRA Dictionary (Version 23.0) is used for coding adverse events. TEAEs are those that occur during the double-blind
treatment phase. eGFR, estimated glomerular filtration rate; HK, hyperkalemia; TEAE, treatment-emergent adverse event. aIn-
vestigator-reported (i.e., not based on laboratory cutoffs).
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phase of the trial resulted in a greater rise in sK+ in the
patients with lower compared with higher eGFRs, and the
proportion of patients with treatment-emergent HK in the
placebo group was highest in patients with eGFR <30 mL/
min/1.73 m2. This suggests that the benefit of patiromer
for maintaining stable sK+ over time may be even greater
in those withworse kidney function, in whom the degree of
HK is most pronounced.

The STRONG-HF trial of patients hospitalized with
acute HF showed that high-intensity care of rapidly up-
titrating guideline-directed medical therapy, includ-
ing ≥50% of maximum MRA dose, within 2 weeks of
discharge followed by close monitoring improved out-
comes, including risk of all-cause death and HF read-
mission, compared with usual care [21]. Moreover, the
effect was numerically greater in patients with median
eGFR ≤59.4 mL/min/1.73 m2 than those with
eGFR >59.4 mL/min/1.73 m2. Nevertheless, MRAs are
only used in approximately 1.2% of patients with CKD
[22]; therefore, facilitating doses of RAASi including
MRAs, with proven effectiveness in patients with CKD,
especially in the presence of HFrEF, is a key unmet need. In
DIAMOND, similar numbers of patients with and without
CKD (≥ or <60 mL/min/1.73 m2) achieved RAASi opti-
mization while maintaining an sK+ level of ≥4.0
to ≤5.0 mEq/L; this suggests that patiromer can help
optimize RAASi dose while maintaining normokalemia in
patients across the spectrum of eGFR. This is in line with
the findings of the much smaller PEARL-HF trial [23].

During the DIAMOND randomized double-blind
treatment phase, the win ratio for overall RAASi use
score was higher with patiromer than placebo across all
eGFR subgroups, except the eGFR <30 mL/min/1.73 m2

subset. This supports the role of patiromer in allowing
maintenance of effective RAASi doses over time, irre-
spective of eGFR. Future analyses would be beneficial to
explore the effect of patiromer versus placebo on RAASi use
score in this high-risk subgroup. Patiromer also resulted in a
greater maintenance of MRA dose above target dose over
time compared with placebo across all eGFR subgroups.
This is in line with the findings from the AMBER study in
patients with resistant hypertension and CKD (eGFR 25
to ≤45 mL/min/1.73 m2), which showed that patiromer
enabled more patients (86%) to continue treatment with
spironolactone than placebo (66%), with less HK [24].

Patiromer was well tolerated by patients in all eGFR
subgroups; similar rates of TEAEs were reported by pa-
tients in the placebo and patiromer arms across eGFR ≥/
<60 mL/min/1.73 m2, ≥/<45 mL/min/1.73 m2,
and ≥30 mL/min/1.73 m2 subgroups, with a higher rate of
TEAEs in the placebo versus patiromer arm of the

eGFR <30 mL/min/1.73 m2 subset. The higher proportion
of patients experiencing hypokalemia in the patiromer
than placebo arm in the majority of eGFR subgroups was
also seen in the main DIAMOND analysis; however, the
majority of hypokalemia events were mild, with only 1
patient per treatment arm reporting severe hypokalemia.

The current subgroup analysis was limited by small
patient numbers especially in the exploratory post
hoc <30 mL/min/1.73 m2 subset (N = 42 overall; 30 in the
patiromer arm and 12 in the placebo arm). This is a
limitation of most subgroup analyses, and findings should
be interpreted with care. However, these results indicate
that patiromer can be used to prevent HK and support
RAASi and, in particular, MRA use.

Conclusion

In this DIAMOND subgroup analysis, patiromer enabled
use of effective RAASi/MRA doses, controlled sK+, and
minimizedHK risk in patients withHFrEF andCKDacross a
wide range of eGFRs. Patiromerwaswell tolerated by patients
across all eGFR subgroups. A greater treatment effect was
observed with lower eGFRs compared with higher eGFRs,
indicating that the benefit of patiromer may be more pro-
nounced in patients with more severe renal impairment who
have a higher need for RAASi but also a higher risk of HK.
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