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Background: Hyperkalemia is a potentially life-threatening condition that patients with heart 

failure or chronic kidney disease, especially those taking renin–angiotensin–aldosterone system 

inhibitors, are at high risk of developing. Sodium polystyrene sulfonate (SPS), a current treatment, 

binds potassium within the gastrointestinal tract to reduce potassium absorption. However, poor 

palatability limits its long-term use. RDX7675, a novel potassium binder in development for 

the treatment of hyperkalemia, is a calcium salt of a reengineered polystyrene sulfonate-based 

resin designed to have enhanced palatability. Here, the physical properties and palatability of 

RDX7675 and SPS are compared.

Methods: RDX7675 and SPS particle sizes were measured using wet dispersion laser diffraction. 

Palatability was assessed in a randomized, crossover, healthy volunteer study with two visits. 

At visit 1 (open label), volunteers evaluated high-viscosity, intermediate-viscosity, and water-

reconstituted formulations of RDX7675 (all vanilla flavor), and an equivalent reconstituted SPS 

(Resonium A®). At visit 2 (single-blind), volunteers evaluated RDX7675 as a high-viscosity 

formulation in vanilla, citrus, and mint flavors, and as intermediate-viscosity, low-viscosity, 

and reconstituted formulations in citrus flavor. Volunteers used a “sip and spit” technique to 

rate overall acceptability and seven individual characteristics from 1 (“dislike everything”) to 

9 (“like extremely”).

Results: RDX7675 particles were smaller than SPS particles, with a narrower size range 

(RDX7675, 80%, 14–52 µm; SPS, 11.3–124.2 µm), and had a smooth, spherical shape, in 

contrast to the shard-like SPS particles. Reconstituted RDX7675 was considered superior to 

SPS for five of the seven palatability characteristics and for overall acceptability (median, 

visit 1: reconstituted RDX7675, 5.0; SPS, 4.0). High-viscosity vanilla was the most highly 

rated RDX7675 formulation (median overall acceptability, visit 2: 7.0).

Conclusion: The smaller, more uniformly shaped, spherical particles of RDX7675 resulted in 

improved palatability over SPS when reconstituted in water. The overall results are promising 

for future patient acceptability of RDX7675 treatment.

Keywords: hyperkalemia, potassium, heart failure, chronic kidney disease, adherence, drug 

formulation

Introduction
Hyperkalemia, typically defined as a serum potassium level greater than 5.0 or 

5.5 mEq/L, is a relatively common and clinically relevant problem in patients with 

cardiovascular and renal diseases that accounts for 3% of the US hospitalizations.1,2 

Hyperkalemia has the potential to lead to life-threatening cardiac arrhythmias, and 

studies have shown that elevated potassium levels increase the risk of death.3–6 
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Conditions such as heart failure and chronic kidney disease 

(CKD) are associated with a significantly higher risk of 

hyperkalemia,3,6,7 and serum potassium levels greater than 

5.0  mEq/L are reported in more than half of predialysis 

patients with CKD.8 Hyperkalemia is also commonly associ-

ated with the use of some medications.9,10 Renin–angiotensin–

aldosterone system (RAAS) inhibitors are recommended 

by evidence-based treatment guidelines for the reduction of 

morbidity and mortality in both patients with heart failure 

and individuals with CKD.11–13 However, these medications 

can decrease potassium excretion, leading to an increased 

frequency of hyperkalemia.9,14,15 Despite the benefits of 

RAAS inhibition therapy, when hyperkalemia occurs, 

cardiologists and nephrologists follow current guideline 

recommendations that dosing of these agents be reduced or 

discontinued.11–13,16 Therefore, the concomitant long-term use 

of a serum potassium-lowering medication could facilitate 

optimal RAAS inhibitor therapy in this patient group.

The dominant mode of treatment for hyperkalemia is oral 

administration of cation exchange resins. These insoluble 

materials sequester excess potassium cations in the gastro-

intestinal tract, preventing them from being absorbed and 

leading to their elimination in the feces.17 Sodium polystyrene 

sulfonate (SPS; trade names Kayexalate® [Sanofi US, Bridge-

water, NJ, USA] or Resonium A® [Sanofi Winthrop Industrie, 

Amilly, France] – the active ingredient in the latter is chemi-

cally identical to Kayexalate, but the brand is not marketed 

in the US) is an insoluble ion exchange resin that has been 

available since the 1950s and is a mainstay of hyperkalemia 

treatment.17 There are, however, limitations associated with 

SPS that restrict its suitability for long-term use in patients 

with recurrent or chronic hyperkalemia. SPS is a milled 

product and consists of large, hard, irregularly shaped shard-

like particles that give it a gritty texture in the mouth which, 

together with its unpleasant taste, reduces palatability and lim-

its its use as a long-term treatment option. As described above, 

the risk of recurrent or chronic hyperkalemia is increased in 

individuals with heart failure and/or CKD, especially those 

taking RAAS inhibitors. These patients are prescribed mul-

tiple medications to take at various times of the day, making 

acceptability of a treatment particularly important to facilitate 

its long-term use. Furthermore, SPS contains sodium counter 

exchange ions; its use may therefore blunt the patient response 

to RAAS blockade and counteract the dietary salt restriction 

recommended for these individuals.11,13,18 Each gram of SPS 

taken removes 0.5–1.0 mmol of potassium in exchange for 

2–3 mmol of sodium; therefore, its use is associated with sig-

nificant sodium infusion and can result in volume overload in 

susceptible populations.19 Finally, SPS is often coadministered 

with sorbitol to alleviate its constipating effect, but this may 

be associated with gastrointestinal adverse events.20

RDX7675, a reengineered polystyrene sulfonate with a 

calcium counter exchange ion, is a novel potassium-binding 

resin being developed for the treatment of patients with 

hyperkalemia. RDX7675 has been specifically designed 

to avoid the undesirable aspects of SPS, with the goal of 

obtaining an agent consisting of small, smooth, and mal-

leable particles that translate into improved palatability. 

The use of calcium rather than sodium as the counter ion 

is aligned with best clinical practice for patients with heart 

failure and/or CKD,11,13 and it is not intended to be taken 

with sorbitol. Such an agent may be suitable for long-term 

management of hyperkalemia in patients with heart failure 

and/or CKD taking RAAS inhibitors. Here, the physical 

properties of RDX7675 and SPS are compared, and their 

relative palatability in healthy volunteers is examined. The 

effects of different formulations and flavors of RDX7675 on 

its palatability are also assessed.

Methods
Structure and synthesis of RDX7675
RDX7675 is the calcium salt of a sulfonated copolymer of 

divinylbenzene and styrene, commonly known as polystyrene 

sulfonate (Figure 1). It is an ionic, cross-linked copolymer 

that is insoluble in water and organic solvents. RDX7675 is 

prepared as small, spherical beads via the copolymerization 

of styrene and divinylbenzene in an aqueous suspension, with 

the divinylbenzene monomer added to achieve a nominal 

1.8% cross-linked polystyrene polymer. This intermediate 

is sulfonated, washed, and then treated with a basic form of 

calcium to produce the desired calcium salt.

Determination of particle size 
distribution and swelling ratio of 
RDX7675 and SPS
Particle size was measured by wet dispersion laser diffraction 

using a Mastersizer 2000 (Malvern Instruments, Malvern, 

Figure 1 Chemical structure of RDX7675.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Drug Design, Development and Therapy 2017:11 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

2665

Palatability of potassium-binding resin RDX7675

UK). Samples were introduced as suspensions in deionized 

water into a Hydro 2000S sampler (Malvern Instruments), 

sonicated if necessary to break down agglomeration, and 

allowed 5–10 minutes of circulation for equilibration before 

measurements were taken.

The swelling ratio was measured using a centrifugation 

method. Approximately 1 g of calcium polystyrene sulfonate 

resin was weighed and then immersed in approximately 

10–15 mL of deionized water (or 0.9% saline solution) 

in a 50-mL preweighed centrifuge tube, and shaken for a 

minimum of 30 minutes. The tube was then spun at a relative 

centrifugal force of 2,000× g or 2,500× g for 30 minutes, and 

the supernatant was removed. The weight of the pellet (ie, the 

wet sample) was determined, and the ratio between the wet 

sample weight and the dry sample weight was calculated.

RDX7675 formulation design
Several formulations of different viscosities in which to 

suspend the RDX7675 beads were developed for palatability 

assessment in healthy volunteers. Based on measurements 

performed on commercial liquid food products, includ-

ing fruit smoothies and syrups, formulations with a range 

of viscosities from drinkable liquids to spoonable semi-

solids were defined. These were labeled “low-viscosity” 

(resembling a yogurt), “intermediate-viscosity”, and “high-

viscosity” (resembling a thick jelly) formulations according 

to their consistency, and were prepared using RDX7675 in 

water thickened with increasing quantities of xanthan gum 

(0.33%, 0.67%, and 1.0%, respectively). These formula-

tions, and a water-reconstituted formulation of RDX7675 

(prepared without xanthan gum in the same way as SPS), 

were prepared for comparison with reconstituted SPS. To 

enhance the palatability of RDX7675 further, vanilla, citrus, 

and wintergreen garden mint flavors of the agent were also 

evaluated in this study.

Palatability of RDX7675 in healthy 
volunteers
The palatability, in terms of taste and mouth feel, of the dif-

ferent RDX7675 formulations was evaluated in a Phase I, 

single-center, randomized crossover study in healthy vol-

unteers. The study was conducted in accordance with the 

International Conference on Harmonisation Good Clinical 

Practice guidelines approved by the Committee for Medicinal 

Products for Human Use and the ethical principles outlined 

in the World Medical Association Declaration of Helsinki 

and its amendments. The study protocol and its amendments 

were approved by the Wales Research Ethics Committee 1 

(Health and Care Research Wales, Cardiff, UK), and all 

participants provided written informed consent before 

entering the study.

Study design
Palatability was assessed at two study visits separated by 

an interval of approximately 14 days, which allowed taste 

assessment data from visit 1 to be reviewed before selec-

tion of the formulations to be evaluated at visit 2. At visit 1, 

volunteers tested four different formulations; at visit 2, six 

different formulations were tested. Healthy volunteers were 

screened for inclusion in the study up to 28 days before the 

first visit. At each visit, eligible participants were admitted 

to the study unit at approximately 21:00 on the evening 

before the assessment day. On the study day, volunteers 

performed the first taste test approximately 2 hours after a 

standard breakfast. There was a washout period of at least 

1 hour between each taste test, during which time participants 

were allowed to cleanse their palates using mineral water and 

unsalted crackers. Apart from this, participants fasted from 

all food and drink, and were not permitted to use chewing 

gum, until completion of the taste tests.

Participants
Healthy men and women aged 18 years or older with a body 

mass index of 18.0–35.0 kg/m2 were eligible for inclusion 

in the study. Women of childbearing potential had to agree 

to use an appropriate method of contraception; women who 

were pregnant or lactating were excluded. Key exclusion 

criteria were as follows: a medical history that could impair 

their ability to taste; a clinically significant medical history or 

laboratory finding that could increase the risk to the partici-

pant, such as hypokalemia, hypocalcemia, obstructive bowel 

disease, or diseases that might cause difficulty swallowing; 

a history of any drug or alcohol abuse in the past 2 years; 

regular alcohol consumption exceeding 21 units/week in 

men and 14 units/week in women; and current smoking or 

smoking within the past 12 months. Volunteers who had 

taken any prescribed or over-the-counter drug (other than up 

to 4 g/day paracetamol, hormone replacement therapy, and 

hormonal contraception), herbal remedies, or experimental 

medication in the 14 days before the first day of the taste 

tests were also excluded.

Test formulations
At the first study visit, participants tasted each of the follow-

ing products in a random order:

•	 SPS (Resonium A) 1 g, reconstituted in water in line 

with the patient instructions on the package insert, vanilla 

flavor
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•	 RDX7675 1 g as a reconstituted formulation prepared in 

the same way as SPS (ie, in water, with added sweetener 

and vanilla flavor to match the SPS formulation)

•	 RDX7675 1 g as an intermediate-viscosity formulation 

(0.67% xanthan gum), vanilla flavor

•	 RDX7675 1 g as a high-viscosity formulation (1.0% 

xanthan gum), vanilla flavor.

After the first study visit, an interim data review was 

conducted to select the RDX7675 formulations to be tasted 

at the second study visit:

•	 High-viscosity formulation (1.0% xanthan gum), vanilla 

flavor

•	 High-viscosity formulation (1.0% xanthan gum), citrus 

flavor

•	 High-viscosity formulation (1.0% xanthan gum), winter-

green garden mint flavor

•	 Intermediate-viscosity formulation (0.67% xanthan gum), 

citrus flavor

•	 Low-viscosity formulation (0.33% xanthan gum), citrus 

flavor

•	 Reconstituted formulation (no xanthan gum), citrus 

flavor.

All formulations were administered orally in a volume 

of 4–6 mL. The quantity of resin at visit 2 varied within 

the volume, but was no more than 2 g for any regimen. 

Each volunteer received the formulations in a random order 

at visit 2, apart from the reconstituted RDX7675 formulation, 

which was always administered last. Treatment allocation 

sequences were determined using a Latin square design, and 

participants were assigned to a sequence using a computer-

generated randomization schedule, with numbers balanced 

for each allocation sequence. Testing at visit 1 was open-

label, while that at visit 2 was single-blind (except for the 

reconstituted RDX7675 formulation).

Taste test and evaluation
A standardized “sip and spit” technique was followed for each 

taste test, in which participants were asked to rinse out their 

mouth with tap water, sip the sample from the spoon and roll 

it around their mouth for 3 seconds before spitting it out, and 

then rinse out their mouth with water. Participants were trained 

in the technique before the first taste test and were observed 

by study staff during testing to ensure compliance.

Immediately after each test, volunteers completed a 

validated questionnaire (developed by Sensory Research Ltd, 

Cork, Ireland) rating the acceptability of seven characteris-

tics (smell, sweetness, bitterness, flavor, mouth feel/texture, 

grittiness, and aftertaste), as well as overall acceptability, 

on a 9-point scale ranging from 1 (“dislike everything”) to 

9 (“like extremely”).

Data analysis
The taste assessment population comprised all volunteers 

who received at least one formulation of RDX7675 or SPS. 

Data from the taste test were summarized by regimen for 

visit  1 and visit 2 separately. Based on experience from 

previous similar studies, a total of 20 enrolled volunteers 

(expected to result in a minimum of 16 evaluable volunteers) 

was considered to be sufficient for this exploratory study.

Results
Physical properties of RDX7675 and 
comparison with SPS
RDX7675 had the appearance of a cream to brown powder 

consisting of malleable spherical beads with a median particle 

size of approximately 30 µm and with 80% of particles in the 

range 14–52 µm, as measured using a wet dispersion tech-

nique (Table 1). By contrast, SPS had a wider range of particle 

sizes when measured using the same technique (Table 1). 

The appearance of the smooth, spherical RDX7675 beads 

contrasted with the irregularly shaped, shard-like particles 

of SPS (Figure 2). RDX7675 contained 8.5%–11.5% weight 

per weight of calcium, calculated on an anhydrous basis, and 

less than 0.1% of sodium. The swelling ratio of RDX7675 in 

water averaged 5.2, compared with 2.9 for SPS (Table 1).

RDX7675 human palatability study
In total, 20 healthy volunteers (8 men and 12 women) were 

enrolled in the RDX7675 formulation palatability study. 

Table 1 Key physical and chemical properties of RDX7675 
and SPS

Parameter RDX7675 SPS: 
Kayexalate®

SPS: 
Resonium A®

Calcium content 
(%, w/w)a

8.5–11.5 0.001 0.011

Sodium content 
(%, w/w)a

#0.1 11.6 10.9

Water content (%) #10.0 6.6 8.7

Particle sizeb (µm)
D10 14.4±1.2 8.2 11.3
D50 31.0±1.3 45.9 55.3
D90 52.2±1.7 119.7 124.2
Swelling ratio (water) 5.2 2.9 2.9

Notes: Dx represents distribution(x%). 
aCalculated on an anhydrous basis. bMeasured 

using a wet dispersion technique. RDX7675 data are mean ± SD values obtained 
from eight different batches of drug substance; data for Kayexalate® and Resonium 
A® are from a single batch of each drug.
Abbreviations: SPS, sodium polystyrene sulfonate; SD, standard deviation; w/w, 
weight per weight.
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Nineteen volunteers were white, and one was Asian. Their 

ages ranged from 19 to 65 years (mean ± standard deviation 

[SD]: 35.9±15.4 years), and their mean (±SD) body mass 

index was 25.0 (±3.2) kg/m2. All volunteers completed all 

of the taste tests at visits 1 and 2.

Visit 1
A summary of the taste and overall acceptability assess-

ments at visit 1 is given in Table 2 and Figure 3. SPS had 

the lowest overall acceptability among the formulations 

tested at visit 1 (median score: 4.0; Table 2), with eight of 

the 20 participants (40%) rating it as 2 (“dislike very much”) 

or 3 (“dislike moderately”) (Figure 3). The equivalent for-

mulation of RDX7675, reconstituted with vanilla flavor, 

scored more highly than SPS (median overall acceptability 

score: 5.0). In total, nine participants (45%) gave the RDX7675 

reconstituted formulation a positive rating for overall accept-

ability of 6 (“like slightly”) to 9 (“like extremely”), compared 

with four (20%) for SPS. SPS also had the lowest or equal 

lowest median scores for all of the individual character-

istics, and was particularly poorly rated for mouth feel/

texture (median: 3.0) and grittiness (median: 3.0) (Table 2). 

For mouth feel/texture, scores ranged from 2 (“dislike very 

much”) to 6 (“like slightly”), with 17 of the 20 participants 

(85%) rating it as 4 or below. For grittiness, scores ranged 

from 1 (“dislike everything”) to 5 (“neither like nor dislike”), 

with 18 of the 20 participants (90%) rating it as 4 (“dislike 

slightly”) or below. The RDX7675 reconstituted formulation 

was rated more highly than SPS for five of the seven individual 

assessment items, and was rated equal for the remaining two. 

Of note, for the RDX7675 reconstituted formulation, the 

median score for mouth feel/texture was 4.5 (vs 3.0 for SPS), 

and for grittiness, it was 3.5 (vs 3.0 for SPS).

Among the RDX7675 formulations of various viscosities, 

the high-viscosity vanilla formulation had the highest median 

score (7.0) for overall acceptability of the four formulations 

tested at visit 1. In all, 13 of the 20 participants (65%) gave 

this formulation a score of 7 (“like moderately”) or above, 

with scores ranging from 3 (“dislike moderately”) to 8 (“like 

very much”). The RDX7675 intermediate-viscosity vanilla 

formulation also had a high rating for overall acceptability 

(median: 6.0), with scores ranging from 4 (“dislike slightly”) 

to 8 (“like very much”). The RDX7675 high-viscosity vanilla 

and intermediate-viscosity vanilla formulations also scored 

most highly for the individual assessment items (Table 2).

Visit 2
On the basis of the results from visit 1, the RDX7675 

high-viscosity vanilla formulation was considered to have 

the most acceptable taste profile and mouth feel, and was 

therefore selected for further assessment at the second visit. 

Two other flavors of the high-viscosity formulation, citrus 

and mint, were also tested at visit 2. Testing of the RDX7675 

intermediate-viscosity vanilla formulation produced similar 

results to the high-viscosity formulation tested at visit 1, so 

the intermediate-viscosity formulation underwent further 

testing at visit 2 in another flavor, citrus. In addition, a yogurt-

like formulation with lower viscosity than the previously 

tested high and intermediate viscosities, and a reconstituted 

formulation, both citrus flavor, were tested at visit 2.

A summary of the taste and overall acceptability assess-

ments at visit 2 is given in Table 3 and Figure 4. Among 

the citrus-flavored formulations tested at visit 2, the high-

viscosity formulation was preferred over the formulations 

of lower viscosity, having the joint highest median overall 

acceptability score of all formulations tested (7.0; Table 3). 

Figure 2 Optical micrograph of RDX7675 (A) and sodium polystyrene sulfonate (B; Kayexalate®) particles in water, at the same magnification.
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The reconstituted formulation in citrus flavor was the least 

acceptable of the formulations tested at visit 2 (median 

score: 4.0), with 14 of the 20 (70%) participants scoring 

it as 4 (“dislike slightly”) or below (Figure 4). While the 

RDX7675 high-viscosity formulations in vanilla and citrus 

flavors both had equal median scores for overall acceptability 

(7.0), vanilla had the higher mean score of the two flavors 

(6.8 vs 6.4). Compared with the citrus-flavored high-viscosity 

formulation, the vanilla-flavored high-viscosity formulation 

had a narrower range of scores, with 17 of the 20 participants 

(85%) rating it as 6 (“like slightly”) or above (Figure 4).

The RDX7675 high-viscosity vanilla and citrus formu-

lations scored most highly for the individual assessment 

items (Table 3), with vanilla having the highest or joint 

highest median and mean scores across all items apart from 

grittiness. For the high-viscosity vanilla formulation, 4 

(“dislike slightly”) was the lowest rating from any partici-

pant for any of the seven measures, and at least 18 of the 

20 participants (90%) rated it as 5 (“neither like nor dislike”) 

or above for all items except grittiness. The reconstituted 

formulation had the lowest or joint lowest median scores for 

all of the individual items. Median scores for the reconstituted 

formulation were lowest for mouth feel/texture, grittiness, 

and aftertaste (each 4.0), with 14 of the 20 participants (70%) 

rating the reconstituted formulation as 4 (“dislike slightly”) 

or below for mouth feel/texture and grittiness, and 11 of the 

20 participants (55%) rating it as 4 or below for aftertaste.

Discussion
RDX7675 is a novel potassium-binding resin being devel-

oped for the treatment of patients with hyperkalemia. It is a 

polystyrene sulfonate resin with a calcium counter exchange 

ion, which binds potassium ions in the gut by exchanging 

the counter ion for potassium, thereby reducing potassium 

absorption. Patients with heart failure and/or CKD, especially 

those taking RAAS inhibitors, are at high risk of developing 

hyperkalemia.9,14 Concomitant administration of a serum 

potassium-lowering therapy that is acceptable to patients for 

long-term use would facilitate receipt of the maximum benefit 

from an optimized RAAS inhibitor regimen, as recommended 

by treatment guidelines.11–13 RDX7675 has been designed to 

have optimum palatability, with the goal of obtaining an agent 

suitable for long-term management of hyperkalemia.

Current polystyrene sulfonate-based potassium exchange 

resins consist of large, hard, and irregular shard-like particles. 

This gives them sand-like properties in the mouth, which may 

have a negative impact on patient acceptability and adherence 

to treatment. SPS, for example, is a milled product that T
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consists of irregularly shaped particles with a large range of 

sizes; in the present study, 80% of the particles were found 

to have a diameter in the range ~10–120 µm. Other inves-

tigators report that SPS particles have an average diameter 

of ~165 µm (measured dry)21 or ,150 µm (measured wet).22 

In contrast, the RDX7675 polystyrene sulfonate resin has 

been reengineered to have a low level of cross-linking, 

leading to the generation of more malleable and uniformly 

sized particles. Here, RDX7675 was confirmed to have a 

relatively narrow size range, with 80% of particle diameters 

in the range 14–52 µm. The spherical shape of the RDX7675 

particles, in contrast to the shard-like SPS particles, and their 

higher swelling ratio compared with SPS may contribute 

to RDX7675 having a smoother, softer feel in the mouth. 

Subsequently, in the study in healthy volunteers comparing 

the palatability of RDX7675 with SPS, the latter had the 

lowest or equal lowest median scores for all of the individual 

taste assessment items, and received particularly low ratings 

for mouth feel/texture and grittiness. Furthermore, SPS 

was rated lowest for overall acceptability, with the major-

ity of participants disliking it “slightly”, “moderately”, or 

“very much”. In contrast, the water-reconstituted formula-

tion of RDX7675 was rated higher than SPS, both overall 

and for five of the seven individual items, even though the 

two formulations were prepared in the same way. This 

shows that the underlying reengineered physical properties 

of RDX7675 described here have a marked positive effect 

on its palatability.

In addition to the physical properties of the particles, 

the formulation of an ion exchange resin is important for its 

palatability. As well as flavor, a key characteristic consid-

ered during formulation development is the viscosity of the 

substance in which the particles are suspended, which can 

further attenuate the sensation of foreign matter on the palate. 

Several RDX7675 formulations of differing viscosities were 

therefore evaluated in this study: all of the formulations 

tested at visit 1 (high viscosity, intermediate viscosity, and 

reconstituted) were found to outperform water-reconstituted 

SPS consistently in all aspects of the taste assessments. 

Thus, while the physical properties of RDX7675 increase 

its palatability compared with SPS, optimization of its 

formulation leads to further improvements.

Figure 3 Distribution of scores for overall acceptability of different formulations of RDX7675 and sodium polystyrene sulfonate at visit 1.
Notes: Each formulation was rated by 20 healthy volunteers. Overall acceptability was rated on a 9-point scale (1, dislike everything; 2, dislike very much; 3, dislike moderately;  
4, dislike slightly; 5, neither like nor dislike; 6, like slightly; 7, like moderately; 8, like very much; 9, like extremely); no participant gave any formulation a score of 1.
Abbreviation: SPS, sodium polystyrene sulfonate.
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In the palatability testing in healthy volunteers, the 

high-viscosity preparation was the preferred RDX7675 for-

mulation, with highest or joint highest median scores for all 

items apart from bitterness and the highest median score for 

overall acceptability at visit 1. At visit 2, the high-viscosity 

formulations flavored with vanilla or citrus were rated most 

highly for overall acceptability and between them had the 

highest or joint highest median scores for all of the individual 

items. Although the intermediate-viscosity formulation also 

received high ratings at visit 1, at visit 2, participants scored 

the intermediate-viscosity formulation lower than the vanilla 

or citrus high-viscosity formulations (except for bitterness, 

for which all had a median score of 5.0). Generally, for the 

high-viscosity formulation, vanilla appeared to be the pre-

ferred flavor among participants. Although both the vanilla 

and citrus high-viscosity formulations were highly rated at 

visit 2, the vanilla high-viscosity formulation had the highest 

or joint highest median and mean scores across all items apart 

from grittiness. Furthermore, slightly more participants rated 

the high-viscosity citrus formulation unfavorably for overall 

acceptability compared with the high-viscosity vanilla formu-

lation (three volunteers and one volunteer, respectively).

The palatability of an oral formulation is an important 

factor influencing how acceptable a treatment is to patients, 

particularly treatments used for chronic conditions. Accept-

ability is likely to be of particular importance to patients 

most at risk of hyperkalemia, such as those with heart failure 

and/or CKD, who are prescribed multiple medications to take 

at various times of the day. Currently available sodium and 

calcium polystyrene sulfonate resins used for the treatment of 

hyperkalemia are acknowledged to have a gritty texture and 

unpleasant taste, which can make them difficult for patients 

to take.23,24 Studies involving other oral medications also 

show the importance of palatability. Unpleasant taste was 

associated with poor compliance with therapy in patients 

receiving antibiotics for the treatment of skin and soft tissue 

infections,25 while a survey of elderly patients and their health 

care professionals showed that compliance with prescribed 

oral nutritional supplements was low and was affected by 

taste, texture, and flavor, among other factors.26

The issue of palatability, and how this affects patient 

acceptability and adherence to therapy, is also pertinent to 

other novel ion exchange treatments developed for hyper-

kalemia. These include patiromer (Relypsa, Inc., Redwood 

City, CA, USA), which is approved in the US,27 and sodium 

zirconium cyclosilicate (ZS-9; AstraZeneca Pharmaceuti-

cals LP, Wilmington, DE, USA), for which the marketing T
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Figure 4 Distribution of scores for overall acceptability of different formulations and flavors of RDX7675 at visit 2.
Notes: Each formulation was rated by 20 healthy volunteers. Overall acceptability was rated on a 9-point scale (1, dislike everything; 2, dislike very much; 3, dislike 
moderately; 4, dislike slightly; 5, neither like nor dislike; 6, like slightly; 7, like moderately; 8, like very much; 9, like extremely); no participant gave any formulation a 
score of 1 or 9.
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application is currently under review in the US. Patiromer 

has been shown to reduce serum potassium levels in short-

term clinical trials in patients with hyperkalemia and CKD or 

heart failure,28,29 and in a long-term study in individuals with 

hyperkalemia and diabetic nephropathy.30 Like RDX7675, 

patiromer is an insoluble, non-absorbed polymer made up of 

spherical particles; approximately 90% of patiromer particles 

are in the size range 74–179 µm, considerably larger than 

RDX7675.31 ZS-9 is an insoluble, inorganic mineral that 

sequesters potassium ions for excretion in the feces, and like 

SPS, consists of milled, irregularly shaped particles (80% in 

the range 4–57 µm32). Two large clinical trials have shown 

that ZS-9 lowers potassium levels in a broad cross section of 

patients with hyperkalemia.33,34 However, palatability studies 

have not yet been reported for either ZS-9 or patiromer.

Conclusion
In summary, all formulations of RDX7675 were considered 

to be markedly more palatable than SPS, including water-

reconstituted RDX7675 prepared in the same way as SPS. 

This demonstrates the positive effect that the characteristics of 

RDX7675 – smooth, malleable, spherical particles with a nar-

row size range – have on palatability. Of the different RDX7675 

formulations, the high-viscosity formulation was rated most 

highly by healthy volunteers, with vanilla being the preferred 

flavor. The overall findings of this study are promising in terms 

of future patient acceptability of RDX7675 treatment.
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