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Pill burden Results: 200 patients surveyed. PBs had the highest daily pill requirements

Hemodialysis (4.8 pills/day) vs. diabetes, high cholesterol, high blood pressure, and
depression medications (1.2-2.6 pills or injections/day). Among non-compliant
group (<80% compliant), 58% rated taking PBs as directed as “extremely
important,” vs. 67%-100% for other medications. PB non-compliance was
~3-fold higher vs. other medications (37% of patients vs. 12-18%, p<0.05).
Self-reported non-compliant patients were 2.6-times more likely to report
uncontrolled phosphate levels. Among 126 patients with <100% compliance,
top barriers were forgetting to take PBs, too many pills, and large pill size.
Patients were 4- and 2-times more likely to be compliant with fewer and
smaller pills, respectively.

attributes on compliance.

Conclusion: PBs had the highest pill burden and lowest compliance. Pill
number and size were two of the top barriers. Patients preferred regimens
with fewer, smaller pills. Reducing pill burden and enhancing the perceived
importance of phosphate control may improve adherence and phosphate
management.

Plain Language Summary

Of the approximately 600,000 US patients undergoing dialysis,*
over 43% have elevated serum phosphate concentrations,? which is
associated with negative health outcomes and increased risk of death.!
Phosphate binders are used to decrease phosphate concentrations.
However, many patients do not take phosphate binders according to
the prescribed dosing instructions, which decreases effectiveness.
We conducted an online survey to gain a better understanding of
patient perspectives on challenges related to phosphate binder
therapy. Overall, phosphate binders have the highest number of
pills per day (~5), and patients also saw phosphate binders as less
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important than their other medications such as diabetes,
high blood pressure, and high cholesterol. Two of the key
barriers to taking phosphate binders as instructed were
the high number and large size of pills. Addressing these
barriers may improve adherence to phosphate binders.

Introduction

Of the approximately 600,000 US patients with end-
stage kidney disease (ESKD) undergoing dialysis,® over
43% have serum phosphate >5.5 mg/dL>? which is
associated with increased mineral bone disorder and risk
of death.! The development of hyperphosphatemia (serum
phosphate concentrations >4.5 mg/dL) is associated with
significant pathophysiology and increased mortality risk,
including an associated elevated risk of cardiovascular
disease,® and an estimated 23% increased mortality
risk in CKD patients for each 1 mg/dL increase in serum
phosphate.* Therefore, there is an unmet need for strategies
that achieve and maintain target serum concentrations in
patients with ESKD.

Despite a multifaceted approach to phosphate
control, including restricting dietary phosphorus intake,
enhancing phosphate elimination with dialysis, and use of
phosphate binders, management of hyperphosphatemia
remains unsuccessful in many patients.> One contributor
to unsuccessful hyperphosphatemia management is
poor adherence to prescribed phosphate binder dosing
instructions. Recent studies report phosphate binder
(PB) non-adherence rates up to 78%.° Low adherence is
attributed to pharmacological characteristics including
perceived side effects and intake inconvenience, such as
taste, number and size of pills, and having to take with
meals.® Additionally, phosphate binders are the single
largest contributor to the daily pill burden in patients on
dialysis, accounting for ~50% of total daily pills.’

It should be acknowledged that there is some
controversy around whether phosphate binder use
has beneficial effects on relevant clinical outcomes. For
example, although the Kidney Disease Improving Global
Outcomes (KDIGO) guidelines recommend lowering
elevated phosphate levels toward the normal range, they
also state that “trial data demonstrating that treatments
that lower serum phosphate will improve patient-centered
outcomes are still lacking, and therefore the strength
of this recommendation remains weak”? Additionally,
a network analysis of randomized trials concluded that
“There is currently no evidence that phosphate-binder
treatment reduces mortality compared to placebo in
adults with CKD.”” However, the authors acknowledged
that their results were limited by high risks of reporting
bias among included studies and short study durations
(median of 6 months).’ In contrast, observational studies
provide evidence for survival benefits with phosphate

binder therapy. Indeed, the KDIGO guidelines highlight
three large cohort studies that support improved survival
and better nutritional status with phosphate binder use:
a 3-year follow-up, multi-center study of 6,797 patients
found that, in an adjusted multivariate analysis, patients
prescribed phosphate-binding agents showed a 29 and
22% lower all-cause and cardiovascular mortality risk,
respectively;'® a 1-year study of 10,044 patients found
that “treatment with phosphorus binders is independently
associated with improved survival among incident
hemodialysis patients”;'! and a study of 23,898 patients
from 12 countries (using DOPPS data from 1996-2008)
found that patients prescribed phosphate binders had
25% lower mortality (adjusted HR=0.75, 95% CI 0.68-
0.83) and phosphate binder prescriptions were associated
with better nutritional status (e.g., higher values for serum
creatinine, albumin, normalized protein catabolic rate).!?

Understanding patient perspectives on challenges
related to phosphate binder therapy is critical for
improving adherence and phosphate management. In this
prospective, internet-based study, we aimed to assess the
perspectives of patients with ESKD on daily pill burden
across diagnosed medical conditions, the perceived
importance of taking medications as directed, compliance
with medication regimen, and top barriers to phosphate
binder compliance.

Methods

A 20-minute online survey was conducted between
February 15 and May 16, 2024 in patients recruited
entirely from the National Kidney Foundation (NKF) email
list. Patients were screened for the following inclusion
criteria: currently receiving dialysis (either in-center or at
home), at least 40 years of age, currently using at least one
treatment to manage phosphate levels, and having active
health insurance coverage. Patients not meeting all these
criteria were excluded from participating. All participants
were recruited exclusively via NKF’'s database. Survey
participants were compensated for their time in order to
reduce nonresponse bias.

The survey assessed patient perspectives on their
current daily pill burden across all medical conditions,
challenges and preferences around phosphate binders,
factors driving non-adherence, and the impact of various
phosphate binder attributes on compliance. Demographic
data (e.g., age and sex) were gathered. As this study was
conducted exclusively via an online survey, no further
clinical data (e.g., serum phosphate, blood pressure, eGFR,
hemoglobin, urine protein) were collected.

All responses were manually reviewed by Reason
Research to ensure data quality following ISO 20252:2019
protocols for survey research. Data were analyzed using SPSS
v22, applying a hierarchical Bayesian choice-based conjoint
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Table 1. Dialysis Patient Research Demographics Table — All Patients (n=200)

Adge (Y Mean 63
" gelvears) Median (Q:-Qs) i 63 (56-71)
____________ Gender(%) __ _Maes 5

_White 5T
Back 26
Race/Ethnicity (%) _latinx 0
_Asin A
___________________________________ Oters 4
_ Renvela/Renagel (sevelamer carbonate) =~ 47
_PhosLo/Phoslyra (calcium acetate) 21
_ Velphoro (sucroferric oxyhydroxide) - 16
Current Treatments (%) _ TUMS (calcium carbonate) - 13
_Auryxia (ferric citrate) 8

Fosrenol (lanthanum carbonate) 5
" XPHOZAH (tenapanor) A T

Category C Weaswes | Values |

_Chronic kidney disease 100
_High blood pressure 68

Iron deficiency anemia 36
Medical Conditions Diagnosed’ (%) ,g,:gg%ggléﬁéﬂ”,,,,,,,,,,,,,,,,,,,,gg ffffffffff
_Depression ..M
_Parkinson's Disease . o .
___________________________________ None oftheabove 0
_Suburban . 53
Community Type (%) uban 27
___________________________________ Rural .2
JSouth 38
West . 25 .

Location/Region (USA) (%) Northeast 19
“Northwest T qg

US Territory 1

patients could report multiple medical conditions

model via Sawtooth Software. An example choice task is
shown in Exhibit A, whereby the size of the hypothetical
pills was shown on-screen to ensure “small” and “large” had
the same meaning to all patients (Supplementary Figure 1).
Statistical significance was evaluated using two-tailed t-tests
and a = 0.05 with Bonferroni correction.

Results

Demographics

200 patients were surveyed. Their mean age was 63
years, and the majority were male (52%) and White (57%)
(Table 1). The most commonly used phosphate binder was
sevelamer carbonate (47%), followed by calcium acetate
(21%) and sucroferric oxyhydroxide (16%). Co-morbid
medical conditions self-reported were high blood pressure
(68%), iron deficiency anemia (36%), diabetes (32%), high
cholesterol (27%), and depression (14%).

Pill Burden Across Diseases

Phosphate medications required significantly more pills
or injections compared to all other surveyed conditions.
45% of patients required six or more phosphate binders

daily. In contrast, only 9%, 6%, and 2% of patients needed
six or more pills or injections per day for high blood
pressure, diabetes, and high cholesterol, respectively. No
patients needed six or more daily pills or injections to treat
depression (Figure 1a). Phosphate binders had the highest
daily pill requirements (4.8 pills/day) compared to other
medications for diabetes, high cholesterol, high blood
pressure, and depression (ranging from 1.2-2.6 pills or
injections/day) (Figure 1b).

Perceived Importance of Taking Medication as
Directed

The perceived importance of taking phosphate binders as
directed was among the lowest of medications for surveyed
conditions, with 79% rating taking phosphate binders as
directed as “extremely important”, compared to 72%, 81%,
90% and 92% for high cholesterol, depression, high blood
pressure, and diabetes respectively (Figure 1b). Within the
non-compliant group (<80% self-reported compliance),
58% rated taking phosphate binders as directed as
“extremely important,” compared to 67%, 80%, 94%, and
100% for high cholesterol, depression, high blood pressure,
and diabetes medications, respectively (Figure 1c).
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Percent of Patients

B = Pils/njections

6-8 Pills/Injections

45
17
29
9 0
—— 6 J/ 2
7 6 — " 0
Phosphate High Blood Diabetes ‘ High Cholesterol ‘ Depression
Pressure
Medications
n= 200 136 64 54 27

Figure 1a: Proportion of patients requiring 26 pills/injections daily by medication

Pills/injections per day

100 @ Fills/injections
) per day % %
High Depression High Blood Compliance Take as
95 Pressure Is Important | Directed
- Cholesterol
1 Diabetes i
E 90 4 Depression 81 92
a High
< 85 a Cholesterol e 2
2 Phosphate .
© High Blood
o P 90 89
2 80 ressure
Diabetes 92 86
75
Phosphate 79 78
70 75 80 85 90 95 100

% Feel That Compliance Is ‘Extremely Important’

Figure 1b: Daily pill requirement by patients’ perceived value of compliance vs self-reported compliance across medical conditions

Number of pills/injections per day

94 100
80
67
] I
Phosphate . High . Depression High Blood Diabetes
Cholesterol Pressure
Medications

Figure 1c: Perceived importance! of taking medication as directed
in patients who self-report as not compliant with phosphate
medications? (n=733)

1People who rated 4 (extremely important) on a 1-4 scale

’Not compliant is <80% of the time compliant with phosphate
medications, by self-report; Compliant is >80% of the time
compliant

3n numbers range from 10-73 across medications

Compliance with Medication Regimen

Of all medications surveyed, compliance was the
lowest for phosphate binders, with 78% of patients self-
reporting taking them as directed, compared to 86%, 89%,
90%, and 92% for diabetes, high blood pressure, high

Percent
37
18
H = = -
Phosphate Diabetes ‘ High Blood ‘High Cholesterol‘ Depression
Pressure
Medications [ psoos |
n= 200 51 125 48 26

Figure 1d: Proportion of patients that self-report as <80% compliant
by medications

cholesterol, and depression respectively (Figure 1b). The
proportion of patients non-compliant (<80% self-reported
compliance) to phosphate binders is approximately 3-fold
higher compared to other medications (37% vs. 12-18%,
p<0.05 for all) (Figure 1d). Self-reported non-compliant
patients are 2.6-times more likely to also report that
their phosphate levels are not under control (Figure 2a).
Self-reported compliance was 1.3-times higher (95% vs
75%) for patients who reported that their phosphate was
‘controlled’ vs ‘not controlled’ (Figure 2b).
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Barriers to Phosphate Medication Compliance

Factors Odds Ratio (95% ClI)

Based on responses from 126 patients with <100% self- 3t0 12 Pills P 3.9 (25-6.0)

reported compliance, forgetting to take phosphate binders, Neutral to Metallic Taste S 35(2.3-55)

too many pills, and large size of pills are the top three No Gastrointestinal Issues vs Occasional Gl — 3.2(21-4.9)

reported barriers to taking phosphate binder medication Small to Large Pills —— 2.0 (13-3.0)

(Figure 3a). Other barriers included difficulty carrying With Meals vs No Restriction hH 12(08-1.7)
. 0 1 2 3 4 5 6 7

Percent

Figure 3b: Odds ratio (95% Cl) for factors impacting patient
preferences — all patients (n=200)

14
pills outside patients’ home, GI side effects, and unpleasant
— — taste or after-taste. Patients are 4- and 2-times more likely
Compliant Not Compliant to b liant with f d I il tivel
Self-Reported Binder 0 be compliant with fewer and smaller pills, respectively
Compliance (Figure 3b).
n= 127 73

Discussion
Figure 2a: Proportion of patients self-reported phosphate levels

not under control The goal of phosphate management for patients
'Compliantisself-report >80% of the time compliantwith phosphate . \vith chronic kidney disease (CKD) or ESKD is to achieve
medications; Not compliant is <80% of the time compliant normal phosphate levels of 3 to 4.5 mg/dL,'* per KDIGO
recommendations.® Several large observational studies
Percent found that phosphate binders are associated with

25/(75-190) decreased mortality (all-cause!®!? and cardiovascular'?)
and improved nutritional status.'? However, despite
widespread phosphate binder treatment, alarge proportion
of patients on dialysis have phosphate concentrations over
5.5 mg/dL,® which highlights the current deficiencies in
phosphate management. By systematically identifying
and quantifying patient-reported barriers, our research

Not Under Control Under Control

Phosphate Control' i i L. . .
n= 45 146 highlights critical gaps in current treatment strategies.
Figure 2b: Median (Q,-Q,) percent of time phosphate medication ~ These findings are crucial as they provide actionable
was taken as directed? by self-reported phosphate control! insights that can inform the development of more patient-

'Percent of time phosphate medication was taken as directed and friendly phosphate binders, improve adherence, and lead
phosphate control, as self-reported by patients to better phosphate control and clinical outcomes.

% of Patients! W Ranked #1

Ranked #2
M Ranked #3

16 [N 89

Forgetting to take

i T +7
i I+

22 (N 45

Too many pills to take

Large size of pills
Difficult to carry pills with me
Gastrointestinal side effects G 10 FNENY 29
Unpleasant taste or after-taste & 9 E 20
Embarrassment taking my pills in social situations 4“ 13

Too expensive to take as directed J" 5% 10

Figure 3a: Barriers to taking phosphate binder medication ranked by patients! (n=126)

patients with self-reported <100% compliance.
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Our data suggest that reducing pill size and the number
of daily pills may improve phosphate binder compliance,
as patients were found to be 4x more likely to adhere to
regimens with fewer pills and 2x more likely with smaller
pills. Consequently, identifying a phosphate binder that
combines high phosphate binding capacity with good intake
convenience may improve adherence and patient quality
of life related to pill burden. Investigational therapies,
such as oxylanthanum carbonate, which requires fewer
and smaller pills that can be swallowed whole without
chewing, may address phosphate binder compliance issues
seen with current binders.

Additionally, increasing patient education on the
importance of preventing hyperphosphatemia may
also increase compliance by addressing current patient
perceptions that taking phosphate binders is not
important or less important compared to medications
for other conditions. Education should stress that
hyperphosphatemia may have negative effects, e.g,
increased cardiovascular risk, even though patients may
not immediately experience any negative effects after
not taking phosphate binders as directed. However, scant
randomized trial evidence for benefits of phosphate
binders on patient-centered clinical outcomes remains a
valid concern that may lessen the perceived importance
of phosphate binders compared with other medications
by clinicians as well as patients, particularly in light of
the high pill burden of phosphate binders. Thus, further
clinical trial evidence on the effects of phosphate binders
and phosphate control on clinical outcomes is needed.

While this study offers important insights, there
are several limitations to consider. First, patients were
recruited solely from the NKF database, which may
introduce sampling bias, as these patients may be more
engaged in their care, more compliant, and potentially
skewed towards younger, more educated, or wealthier
demographics due to the online nature of the survey. The
study relied on self-reported data, which may introduce
bias or inaccuracies in patient responses regarding
compliance and phosphate control. Recall bias may also
affect the accuracy of these responses, as patients may
not accurately remember or report their past behaviors.
Additionally, the survey was conducted via the internet,
which may limit its generalizability, as it may not fully
represent the broader population of dialysis patients,
particularly those with limited access to technology.
Another potential limitation is the self-fulfilling prophecy
where patients with good phosphate control may
be praised for compliance, regardless of their actual
adherence, while those with poor phosphate control
may be assumed to be non-compliant. Furthermore,
this study focused on patient perceptions of compliance
and did not collect biochemical (e.g.,, serum phosphate

concentrations) or clinical outcome data (e.g., survival).
Future studies should aim to corroborate these findings
with real-world clinical data and explore the long-term
impact of reduced pill burden on phosphate control.

Increasing medication adherence to phosphate binders
is critical for their efficacy in improving phosphate control.
The insights gained from this study can inform the design
and development of more patient-centric treatments
that address common compliance barriers, such as pill
burden and size. Survey results also highlight the need
for stronger patient education on the potential adverse
effects of hyperphosphatemia and why consistently
taking phosphate binders as directed is important. By
making phosphate binders easier to take and improving
patient understanding and awareness of their importance,
healthcare providers may be able to improve adherence.

Conclusions

These survey findings highlight significant challenges
in achieving patient compliance with phosphate binder
therapy. Phosphate binders had the highest pill burden
and lowest compliance rate, further reinforcing the need
to address these barriers. Among patients with <80% self-
reported compliance, phosphate binders were perceived as
less important compared to other medications, a trend not
observed with other treatments. Additionally, self-reported
non-compliance was strongly associated with self-reported
inadequate phosphate control, with self-reported non-
compliant patients being 2.6 times more likely to report
uncontrolled phosphate levels. The excessive number and
size of phosphate binder pills emerged as two of the top
barriers to consistent medication use, from both the simple
stated and conjoint-derived perspective. In simulated
scenarios, patients were more likely to prefer medication
regimens with fewer and smaller pills, underscoring the
impact of pill burden on compliance. Strategies to reduce
pill burden and enhance the perceived importance of
phosphate control may be critical in improving adherence
and possibly phosphate management in this population.
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Supplementary Figure 1: Scenario Example: Choosing Between Hypotheticals

Number of
Pills per Day
and Size

Chew/Swallow

Must swallow whole with water
(cannot be crushed)

Must chew, neutral taste

Time of Day Must be taken with meals Take with or without food
Gastrointestin | Occasional constipation None

al Side Effects

Option to Be Much easier | Slightly easier | Slightly easier | Much easier
Selected to take to take to take to take

A as directed

A as directed

B as directed

B as directed
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