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Abstract: Population-based studies have shown that most patients with advanced chronic kidney
disease (CKD) do not have optimal phosphate levels. Meta-analyses suggest that there is
a morbidity and mortality benefit associated with the lowering of serum phosphate levels.
However, to date there is no conclusive evidence from randomized controlled trials (RCTs) that
lowering serum phosphate levels reduces the risk of morbidity and mortality. However, hyperpho-
sphatemia may pose a risk to patients and treatment should be considered. We therefore sought to
conduct a multidisciplinary review to help guide clinical decision-making pending results of
ongoing RCTs. Restricting dietary phosphate intake is frequently the first step in the management
of hyperphosphatemia. Important considerations when proposing dietary restriction include the
patient’s socioeconomic status, lifestyle, dietary preferences, comorbidities, and nutritional status.
While dietary phosphate restriction may be a valid strategy in certain patients, serum phosphate
reductions achieved solely by limiting dietary intake are modest and should be considered in
conjunction with other interventions. Conventional dialysis is also typically insufficient; however
phosphate removal may be augmented by increased frequency or duration of dialysis, or through
enhanced methods such as hemodiafiltration. Phosphate binders have been shown to reduce
absorption of dietary phosphate and lower serum phosphate levels. There are several phosphate
binders available, and while they all lower phosphate levels to variable degrees, they differ with
respect to their pill burden, potential to induce or exacerbate vascular calcification or ectopic
calcification, tissue accumulation, safety, and tolerability. The widespread treatment of hyperpho-
sphatemia requires convincing data from RCTs to ascertain whether lowering serum phosphate
levels improves patient-important outcomes, as well as the optimal method and degree of phosphate
control. In the interim, the decision and approach used to treat hyperphosphatemia should be based
on the best available data, as well as patient needs and clinical judgment.
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Introduction

Significant controversy exists about whether and how best to treat hyperphospha-
temia. While several meta-analyses and retrospective cohort studies have suggested
that hyperphosphatemia is associated with an increased relative risk of hospitaliza-
tion, cardiovascular events, and death, evidence from randomized controlled trials
(RCTs) demonstrating that lowering serum phosphate levels improves these out-
comes is not yet available.'”

However, hyperphosphatemia is common in the later stages of chronic kidney

disease (CKD) when kidney function is significantly impaired.®® Documented
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symptoms and clinical complications of hyperphosphatemia
include pruritus, bone disease, and calciphylaxis.9 Clinicians
must therefore use the best data available to continue to
manage patients and the consequences of hyperphosphate-
mia. To facilitate clinical decision-making pending the
results of ongoing RCTs, we conducted a multidisciplinary
review of the existing data and examined clinical considera-
tions and care gaps in the treatment of hyperphosphatemia.

Materials and Methods

Information was gathered by a PubMed search of recent
publications and landmark studies on the management of
hyperphosphatemia, as well as national and international
societies’ guidelines. We have attempted to provide
a comprehensive review of the available data using numer-

ous diverse studies and extensive review of the literature.

Impact of Hyperphosphatemia on
Morbidity and Mortality

Several retrospective studies have observed an association
between hyperphosphatemia and morbidity and mortality
in patients with CKD.*!%12

An analysis of retrospective data from 40,538 hemodialysis
patients by Block et al in 2004 found that serum phosphate
concentrations >1.61 mmol/L (>5.0 mg/dL) were associated
with an increased relative risk of death.'® Similarly, survival
models of data from 25,588 patients on hemodialysis in
DOPPS I, DOPPS 1II, or DOPPS III suggest that the lowest
mortality risk is in patients with phosphate 1.16—1.61 mmol/L
(3.6-5.0 mg/dL), whereas the greatest risk of mortality is when
phosphate levels are >2.26 mmol/L (>7.0 mg/dL)."" Likewise,
in patients with CKD not on chronic dialysis, serum phosphate
levels >1.13 mmol/L (>3.5 mg/dL) have been associated with
a significantly increased risk of death, with the mortality risk
increasing linearly with each subsequent 0.16 mmol/L (0.5 mg/
dL) increase in phosphate levels.®

Hyperphosphatemia has also been significantly associated
with
hospitalization,'® as well as with cardiovascular events and
mortality.'?

all-cause, cardiovascular, and fracture-related

Outcomes Associated with

Lowering Phosphate Levels

Phosphate binders have been shown to significantly lower
serum phosphate in patients with CKD."* However, sec-
ondary analyses of Medicare claims data in the Dialysis
Clinical Outcomes Revisited (DCOR) trial found that

lowering phosphate levels with sevelamer versus calcium-
based phosphate binders does not affect overall mortality,
cause-specific mortality, morbidity, or cause-specific hos-
pitalization in patients on hemodialysis.'* While other data
suggest that lowering phosphate levels improves morbidity
and mortality, that data is retrospective in nature, occa-
sionally conflicting, and inconclusive.'
One

a decrease in all-cause mortality with non-calcium-based

systematic review noted a trend towards
versus calcium-based phosphate binders (relative risk [RR]
0.68; 95% CI 0.41-1.11) but no statistically significant
difference in cardiovascular mortality and coronary artery
calcification.! An updated meta-analysis later showed that
patients assigned to non-calcium-based phosphate binders
had a 22% reduction in all-cause mortality compared with
those assigned to calcium-based phosphate binders.’

Similarly, another systematic review and network meta-
analysis of patients with bone-mineral disorders randomized
to receive calcium (as calcium acetate, calcium citrate or
calcium carbonate), non-calcium-based binders (sevelamer
hydrochloride, sevelamer carbonate, lanthanum carbonate,
SFOH, and ferric citrate), phosphate restricted diet, placebo,
or no treatment, found a higher rate of mortality with cal-
cium than either sevelamer (RR, 1.89 [95% CI, 1.02 to
3.50]) or non-calcium-based binders (RR, 1.76 [95% CI,
1.21 to 2.56). There was also a higher rate of hospitalization,
although non-significant, with calcium than non-calcium-
based binders (RR, 1.293 [95% CI, 0.94 to 1.74]).2

A more recent systematic review comparing sevelamer or
lanthanum with other phosphate binders in CKD reported that
sevelamer was associated with a nonsignificant reduction in
mortality, but significantly lower hospitalization rates and
hypercalcemia compared with calcium-based binders. In con-
trast, lanthanum and iron-based binders did not show super-
iority for any clinically relevant outcomes. This analysis also
found that outcomes, such as cardiac events, fractures, calci-
phylaxis, and health-related quality of life (HRQOL) remain
understudied.’

A Cochrane review of 104 clinical trials with 13,744
patients with CKD also underscored the need for addi-
tional evidence of the clinical impact of lowering phos-
phate levels. The analysis found that in patients with CKD
stage 5 on dialysis, sevelamer may lower death (all causes)
compared to calcium-based binders and may result in less
treatment-related hypercalcemia. However, no clinically
important benefits of any phosphate binder on cardiovas-
cular death, myocardial infarction, stroke, fracture, or cor-
onary artery calcification were found. In patients with
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CKD stages 2-5, the effects of sevelamer, lanthanum, and
iron-based phosphate binders on cardiovascular, vascular
calcification, and bone outcomes compared to placebo or
usual care, were also uncertain.*

Prospective and Ongoing RCTs

The Two phosphAte taRGets in End-stage renal disease
Trial (TARGET) was a pilot RCT that aimed to assess
whether lowering phosphate concentrations with binders
improves patient-important outcomes. Hemodialysis
patients receiving a calcium-based phosphate binder were
randomized to an intensive phosphate goal of 0.75-1.50
mmol/L (2.3-4.7 mg/dL) or a liberalized target of 2.00—
2.50 mmol/L (6.2—7.8 mg/dL). The mean serum phosphate
level reported at 26 weeks was 1.46 mmol/L (4.5 mg/dL)
in the intensive group and 1.95 mmol/L (6.1 mg/dL) in the
liberalized group. There were no statistically significant
differences between groups in the risk of hypercalcemia,
hypocalcemia, parathyroidectomy, or major vascular
events. While these findings suggest that it is feasible to
achieve and maintain a difference in serum phosphate
levels by titrating the dose of phosphate binder, a larger
trial is needed to determine if targeting a lower serum
phosphate level improves clinical and patient-related
outcomes."”

To this end, the HiLo and Pragmatic Randomized Trial
of High Or Standard PHosphAte Targets in End-stage
(PHOSPHATE) RCTs are
conducted.'®!” HiLo is an open-label, multicenter, RCT
of ~4400 patients with end-stage kidney disease (ESKD)

undergoing maintenance hemodialysis. The primary objec-

Kidney Disease being

tive of the HiLo trial is to test whether less stringent
control of serum phosphate to >2.10 mmol/L (>6.5 mg/
dL) will yield a reduction in the hierarchical composite
outcome of time to all-cause mortality and all-cause hos-
pitalization compared with serum phosphate targets of
<1.77 mmol/L (<5.5 mg/dL). The trial will also assess
whether compared to strict phosphate control, less strin-
gent control will reduce the risk of all-cause mortality,
enhance markers of diet and nutrition, and improve
HRQOL.'® The PHOSPHATE trial will evaluate whether
compared to high levels, lowering phosphate levels
reduces mortality or major events due to heart disease,
improves physical health, and is cost-effective. An esti-
mated 3600 ESKD patients receiving dialysis will be ran-
domized either to intensive (<1.50 mmol/L [<4.7 mg/dL])
or liberalized (2.0-2.5 mmol/L [6.4-7.8 mg/dL]) serum
phosphate levels."’

However, both trials are still recruiting, and estimated
study completion dates are in April 2023 for the HiLo trial
and December 2025 for the PHOSPHATE trial.'®'” In the
interim, clinicians must use the best data available to select
a strategy to manage hyperphosphatemia and its conse-
quences in their patients.

Strategies to Manage
Hyperphosphatemia

Common strategies to manage hyperphosphatemia include
dietary phosphate restriction, the dialytic removal of phos-
phate, and the use of phosphate binders.'®

Restriction of Dietary Phosphate Intake
Restricting dietary phosphate intake is frequently the first
step in the management of hyperphosphatemia. Important
factors to consider when proposing dietary phosphate
restriction include the source and bioavailability of the
phosphate."”

Common sources of dietary phosphate include 1) organic
phosphate in plant foods; 2) organic phosphate in animal
protein; and 3) inorganic phosphate used to prolong shelf-life
and to improve taste and texture in processed foods.?
However, the amount of phosphate present does not necessa-
rily reflect phosphate uptake as bioavailability varies according
to the form and food source. Inorganic phosphate from food
additives has an 80-100% bioavailability, compared with
organic phosphate from plant foods and animal protein which
have a 20-40% and 40-60% bioavailability, respectively.
Moreover, inorganic phosphate is not protein-bound and so
dissociates easily in the gut lumen, is readily absorbed across
the intestinal wall, and therefore has the most impact on
hyperphosphatemia.'®*° Thus, inorganic phosphates are
often underappreciated as a source of dietary phosphate.*’

Drugs that are commonly prescribed to patients on
dialysis may also be an unrecognized source of phosphate
(Table 1).>' Other drugs may also contain phosphate and
information on their phosphate content is not always
available.

The National Kidney Foundation’s Kidney Disease
Outcomes Quality Initiative (KDOQI) Clinical Practice
Guideline for Nutrition in CKD: 2020 Update and the
Kidney Disease: Improving Global Outcomes (KDIGO)
2017 Clinical Update for the
Diagnosis, Evaluation, Prevention, and Treatment of
CKD-mineral and bone disorder (CKD-MBD) recom-
mend limiting dietary phosphate intake in the treatment

Practice Guideline
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Table | Common Medications High in Phosphate

Medication and Dosage (mg) Phosphate Content (mg)*
Paroxetine

10.0 mg 17.1-147.9 mg

20.0 mg 55.8-295.8 mg

30.0 mg 443.7 mg

40.0 mg I11.5 mg
Amlodipine

2.5 mg 20.9-29.1 mg

5.0 mg 3.8-82.8 mg

10.0 mg 7.9-165.6 mg
Lisinopril

5.0 mg 3.6-184 mg

10.0 mg 21.4-32.6 mg

20.0 mg 7.4-30.7 mg

30.0 mg 27.4 mg

40.0 mg 26.2-30.8 mg
Sitagliptin

25.0 mg 7.3 mg

50.0 mg 13.2 mg
Acetaminophen

8 mg Codeine 60 mg

15 mg Codeine 60 mg

30 mg Codeine 60 mg

Notes: *Variations in phosphate content occur based on manufacturer; adapted
from Li J, Wang L, Han M, et al. The role of phosphate-containing medications and
low dietary phosphorus-protein ratio in reducing intestinal phosphorus load in
patients with chronic kidney disease. Nutr Diabetes. 2019;9(1):14.8*

of hyperphosphatemia and considering the bioavailability
of phosphate in different foods.****

However, foods that do not contain additives are often
more costly than their additive-containing equivalents and
socioeconomic factors (eg, age, education level, income,
employment status) have been shown to influence adher-
ence to a low-phosphate diet.”*** Dialysis patients in
particular acknowledge that dietary restriction is challen-
ging and longer dialysis vintage is associated with a lower
rate of dietary adherence.*”

In addition, phosphate-restricted diets may result in
impaired nutritional status in patients on dialysis. As high-
protein foods are an important source of phosphate, impos-
ing dietary phosphate restriction is commonly associated
with a reduction in protein intake. This has been linked to
malnutrition, reduced quality of life, protein-energy wast-

ing, and increased mortality.”>®

Therefore, patient education is critical to the successful
implementation of a phosphate restriction diet. Effective
education should involve a multidisciplinary approach and
include a discussion of the role of phosphate in disease and
the importance of adherence to dietary recommendations.
Suggestions for foods with minimal inorganic phosphate
content or additives, low phosphate-to-protein ratios, and
adequate protein content should also be offered. Patient
education may also include a discussion of “hidden” phos-
phate content in additives such as modified starches or
baking powder.?’ In addition, as boiling causes deminer-
alization of food, thus reducing phosphate content, boiling
should be recommended as the preferred cooking techni-
que. Patients should be advised that the degree of mineral
loss is proportional to the amount of boiling water that is
used, the size of the pieces, the cooking time, and the
absence of the peel for plants.?

Educational initiatives should involve patients’ families
and friends and be tailored to patients’ lifestyle, environment,
career, ethnicity, cultural background, and socioeconomic
status.”® The Phosphate Pyramid is an example of a useful
tool that can be used with the patient to present the phosphate
load of various foods (Figure )%

Phosphate Removal by Dialysis
Elimination of phosphate by dialysis is another cornerstone in
the management of hyperphosphatemia. Phosphate clearance
by hemodialysis is dependent on blood and dialysate flow rate,
dialyzer membrane surface area, and ultrafiltration volume.*
The dialytic removal of phosphate is approximately 300 mg/
day in patients on peritoneal dialysis and approximately
350 mg/day in hemodialysis patients on a 3x-weekly
regimen.’'*? However, phosphate intake commonly averages
1000-2000 mg/day, of which approximately 60% is
absorbed.”** Thus, conventional hemodialysis or peritoneal
dialysis are insufficient to achieve a neutral phosphate balance.
Phosphate removal by dialysis may be enhanced by
increased frequency and duration. Data suggest that noc-
turnal hemodialysis more effectively lowers serum phos-
phate than conventional hemodialysis (from 1.78 to 1.44
mmol/L [5.5 to 4.5 mg/dL]).>*** In the Nocturnal trials,
patients receiving 6x-weekly sessions experienced
a relative decrease of 0.40 mmol/L (1.2 mg/dL) in mean
serum phosphate compared with patients receiving 3x-
weekly sessions. Similarly, the Daily trial demonstrated
that patients receiving 6x weekly sessions experienced

a relative decrease of 0.15 mmol/L (0.5 mg/dL) in mean
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Figure | The Phosphate Pyramid.

0
d%;

£ - Y q
m@ Hard cheeses: parmesan, cheddar, etc.

Beverages and foods with phosphate additives:
Soft drinks; dehydrated milk; processed cheese and
meats, packaged desserts, instant coffees

Nuts and egg yolk

Meat: sausages, organ meats (liver, brain)?
Turkey, shrimp; squid; salmon?
Soft cheeses: cottage cheese, mozzarella

Meat: rabbit, lamb, pork, veal, ham with no preservatives®
Chicken;? trout; tuna; cod; hake; sole
Milk; yogurt

Cereals: bread, pasta, rice, couscous, corn flour, etc.
Legumes: peas, broad beans, chickpeas, lentils, soy, etc.

Egg white, butter,d sugar,® protein-free productsf
Fruits and vegetables:¢ olive oil and vegetable fatsd

Notes: Foods are grouped into 6 levels based on phosphate content, phosphate-to-protein ratio, and phosphate bioavailability. *Foods with unfavorable phosphate to protein
ratio (>12 mglg); “foods with favorable phosphate to protein ratio (<12 mg/g); “fruits and vegetables must be used with caution in dialysis patients to avoid excessive
potassium load; %fats must be limited in overweight/obese patients, to avoid excessive energy intake; ®sugar must be avoided in diabetic or obese patients; protein-free
products are dedicated to patients not on dialysis therapy and who need protein restriction but a high energy intake.?® Adapted from D’Alessandro C, Piccoli GB, Cupisti
A. The “phosphorus pyramid™: a visual tool for dietary phosphate management in dialysis and CKD patients. BMC Nephrol. 2015;16:9.%°

serum phosphate levels compared with patients receiving
3x weekly sessions.*

Although phosphate removal by peritoneal dialysis has
been less thoroughly studied, peritoneal phosphate clearance
plays a role in achieving adequate phosphate homeostasis.
Peritoneal creatinine clearance is a strong determinant of peri-
toneal phosphate clearance. In addition, peritoneal dialysis
modality and membrane transport category (high, high aver-
age, low, average-low) have been independently associated
with peritoneal phosphate clearance. Thus, peritoneal dialysis
regimes with longer dwell times may help control hyperpho-
sphatemia in lower transporters.”’

While hemodiafiltration may be another attractive
option, offering the combined benefits of diffusive hemo-
dialysis with the advantages of large convective volumes,
no additional benefits as compared with high-flux hemo-
dialysis have been conclusively reported.*®

Phosphate-Binding Agents

Phosphate binders reduce absorption of dietary phosphate in
the gastrointestinal (GI) tract through the exchange of the anion
phosphate with an active cation (carbonate, acetate, oxyhydr-
oxide, and citrate) to form a nonabsorbable compound that is

excreted in the feces.'® There are several phosphate binders
currently available, and while they all lower phosphate levels
to variable extents, each has unique advantages and disadvan-
tages (Table 2).*

Aluminum-Containing Phosphate Binders
Aluminum-hydroxide has a high ionic binding affinity, low
pill burden, and is relatively inexpensive.** However, in the
1970s an increasing number of dialysis patients experienced
severe aluminum intoxication. While dialysis fluid contam-
ination by aluminum was identified as the culprit, intoxica-
tion with aluminum-containing phosphate binders was later
reported in non-dialyzed patients.'® Sucralfate, which con-
tains nearly half the aluminum content found in aluminum
hydroxide, has demonstrated superior phosphate lowering
efficacy and may be considered with close monitoring for
fixed periods of time.*” However, because of the potential
for toxicity, current KDIGO guidelines recommend against
long-term use of aluminum-based phosphate binders.**

Calcium Carbonate, Calcium Acetate, and Calcium
Citrate

Calcium-based binders are the most prescribed class of phos-
phate binder. However, a key concern with these agents is the
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Table 2 Key Characteristics of Phosphate Binders

Type Daily Dose Daily Advantages Disadvantages
Pill

Burden
Aluminum No safe dose identified - Effective, inexpensive Potential for aluminum toxicity. Patient
hydroxide requires careful monitoring
Calcium 667 mg 612 Effective, potentially more so than Potential for hypercalcemia; extra-skeletal
acetate capsules | calcium carbonate with less calcium calcification; PTH suppression; Gl side effects

absorption
Calcium 500-1250 mg 3-6 Effective, inexpensive Potential for increased hypercalcemia — could
carbonate tablets lead to vascular calcification; Gl side effects
Calcium 4000-6000 mg 4-6 pills | Effective, inexpensive Enhancement of aluminum absorption; Gl
citrate (equivalent to 250 mg side effects; not recommended in CKD
calcium per day)

Sevelamer 800 mg 6-12 Effective; lipid-lowering effect; no Cost; Gl side effects; potential development
hydrochloride capsules calcium of metabolic acidosis
Sevelamer 800 mg 6-12 Effective; lipid-lowering effect; no Cost; Gl side effects
carbonate capsules calcium
Lanthanum 250-1000 mg 3-6 Effective; no calcium Cost; Gl side effects; systemic absorption
carbonate chewable may be a concern due to potential for

tablets accumulation
Sucroferric 500 mg 2-6 Effective; no calcium; does not lead to | Cost; discolored feces; Gl side effects
oxyhydroxide chewable | iron overload

tablets

Note: Data from these studies.'82%8-87

Abbreviations: CKD, chronic kidney disease; Gl, gastrointestinal.

development of a positive calcium balance which may aggra-
vate vascular calcification and result in ectopic calcification —
which has been recognized as a major contributing factor for
the increased risk of cardiovascular mortality in CKD
patients.”>*'** Tt has therefore been recommended that the
dose of calcium-based phosphate binders be limited to avoid
calcium overload and possibly exacerbating vascular calcifica-
tion, and that in patients not taking active vitamin D analogues,
total elemental calcium intake be adjusted to maintain neutral

calcium balance.>*

Lanthanum Carbonate

Lanthanum carbonate has been shown to effectively lower
phosphate levels with a daily pill burden of less than half
compared with other phosphate binders.**** Moreover, in
patients on hemodialysis randomized to lanthanum carbonate
or calcium carbonate, lanthanum produced comparable reduc-
tions in phosphate levels without the hypercalcemia observed

in the calcium carbonate group.**® In a multicenter

randomized, double-blind, placebo-controlled trial lanthanum
carbonate was also shown to effectively lower phosphate levels
in nondialysis CKD stage 4 to 5 patients.*’

Adverse events associated with lanthanum carbonate
were reported in a systematic review and included vomit-
ing, diarrhea, intradialytic hypotension, cramps, myalgia,
and abdominal pain.*® Lanthanum carbonate also has
a relatively low solubility and has been reported to accu-
mulate in the bone with a 50-80-fold increase after 1 to 3
years of treatment in chronic dialysis patients. However,
this has not been shown to be associated with clinical

48—
consequences. 50

Sevelamer

Sevelamer hydrochloride was the first non-metal-

containing, nonabsorbable anion exchange binder. It is
a crosslinked polymer that exchanges hydrogen chloride
(sevelamer hydrochloride) or carbonate (sevelamer carbo-

nate) for phosphate in the GI tract.’'->>
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Sevelamer has been shown to be effective in control-
ling hyperphosphatemia in both hemodialysis and perito-
neal dialysis patients without inducing hypercalcemia.>*>>
Sevelamer has also been associated with improvement in
endothelial function and inflammatory markers.’® In addi-
tion, studies have suggested that sevelamer may prevent
the accumulation of advanced glycation end-products.’’
Moreover, in addition to chelating phosphate, sevelamer
binds bile salts, thereby reducing serum total cholesterol
and low-density lipoprotein (LDL) cholesterol in dialysis
patients.”®>’

However, there is a relatively high pill burden asso-
ciated with sevelamer and important GI side effects, such
as nausea and constipation, have been reported. As a resin-
based binder, sevelamer can crystallize and result in GI
mucosal injury. There have been reported cases of dyspha-
gia, bowel obstruction, and perforation, with some requir-

ing hospitalization and surgery.”’

Magnesium-Containing Phosphate Binders

Magnesium-containing phosphate binders have been pro-
posed as an alternative to calcium-containing phosphate
binders to allow hemodialysis patients to reduce their
calcium load.®® While the efficacy and safety of magne-
sium carbonate in combination with calcium acetate was
noninferior to sevelamer in a Phase 3 RCT of 255 hemo-
dialysis patients, in a 2-year, open-label RCT of patients
with CKD stage 3—4 with risk factors for vascular calcifi-
cation (N = 125) magnesium oxide had no effect on serum

phosphate levels.®'-%?

Novel Phosphate Binding Agents
and Approaches

Sucroferric Oxyhydroxide

Sucroferric oxyhydroxide (SFOH) is an iron-based, non-
calcium phosphate binder, approved for the control of
serum phosphate levels in patients with ESKD on
dialysis.®* SFOH is a potent phosphate binder that offers
patients a relatively low pill burden compared with other
phosphate binders, which may increase adherence in the
clinical setting.®*

The efficacy and safety of SFOH was compared with that
of sevelamer carbonate in an open-label, randomized, active-
controlled phase 3 study of hemodialysis and peritoneal dialy-
sis patients with hyperphosphatemia. The study found that
SFOH was non-inferior to sevelamer carbonate in lowering
serum phosphate over 24 weeks. The mean pill burden
remained greater with sevelamer carbonate (8.1 tablets/day)

than with SFOH (3.1 tablets/day) over the course of the study.
GI disorders were the most frequent adverse event in both
treatment arms, observed in 45.1% of SFOH-treated patients
and 33.6% of sevelamer carbonate-treated patients.®> A phase
3 extension study to assess the long-term efficacy and safety of
SFOH found that serum phosphate levels were maintained to
Week 52 and the tolerability of both treatments improved over
time.®

The long-term real-world effectiveness of SFOH in
managing serum phosphate levels in hemodialysis patients
over a l-year period was assessed in a historical cohort
analysis. Comparisons were made between the 91-day
period prior to initiation of SFOH and the 4 consecutive
91-day intervals of SFOH treatment. The analysis revealed
that 1 year after switching to SFOH therapy, the proportion
of patients achieving target serum phosphate levels (<1.78
mmol/L [<5.5 mg/dL]) increased from 17.7% to 36.0% (P
<0.0001). Patients also experienced an average decrease of
50% from baseline in pill burden (P <0.0001).’

The real-world effectiveness of SFOH versus other
phosphate binders in hemodialysis patients over 2 years
was examined in another retrospective cohort study. The
analysis comprised adult in-center hemodialysis patients
prescribed 2 years of uninterrupted SFOH (maintenance)
and patients who discontinued SFOH within 90 days of
their first prescription and switched to other phosphate
binder(s) for 2 years (discontinuation). The study found
that, as compared to patients who discontinued SFOH,
patients who maintained SFOH therapy achieved lower
serum phosphate levels, were more likely to achieve target
serum phosphate levels of <1.78 mmol/L (<5.5 mg/dL),
were prescribed ~50% fewer phosphate binder pills
per day, and had lower annual hospitalization rates.®®

Tenapanor

Tenapanor is a non-binder, sodium/hydrogen exchanger
isoform 3 (NHE3) inhibitor.*” It is approved for the treat-
ment of irritable bowel syndrome with constipation in
adults and being studied as an inhibitor of dietary phos-
phate absorption.”

In a Phase 2 RCT assessing the effects of tenapanor on
serum phosphate concentration in patients with hyperpho-
sphatemia receiving hemodialysis, tenapanor provided
dose-dependent reductions in serum phosphate levels.
Diarrhea was the most common adverse event and more
frequent with high doses of tenapanor.”' These findings
were confirmed in a phase 3 RCT of twice-daily oral tena-

panor in patients with hyperphosphatemia receiving
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hemodialysis. During the 8-week treatment period, tenapa-
nor significantly decreased mean serum phosphate levels.
Adverse events were largely limited to softened stool and an
increase in bowel movement frequency, resulting from
increased stool sodium and water content.”? The long-term
safety and efficacy of tenapanor has also been reported in
the 52-week phase 3 PHREEDOM study.”® Another recent
report assessing tenapanor in dialysis patients with difficult-
to-control hyperphosphatemia suggested that this novel
agent effectively lowers serum phosphate levels as both
monotherapy and dual mechanism therapy (tenapanor +
phosphate binder).”

Nicotinamide
Nicotinic acid is a water-soluble compound that can be
metabolized to nicotinamide which has been shown to
lower sodium-dependent intestinal phosphate absorption
by reducing NaPi2b expression.”” Several studies in hemo-
dialysis patients have suggested that nicotinamide treat-
ment may lower serum phosphate levels, although patients
in these studies experienced a high number of adverse
events, including thrombocytopenia.”®"®

It has also been hypothesized that the combination of
a phosphate binder and nicotinamide may result in greater
reductions in serum phosphate levels than either alone.”
To this end, COMBINE, a recent RCT, sought to assess
whether the combination of lanthanum carbonate with
nicotinamide is more effective than placebo or either
compound alone. However, the study found that after
a year, serum phosphate levels did not differ between the
groups. Moreover, Gl-related adverse events in the combi-
nation therapy arm limited treatment adherence.®

Conclusion

Hyperphosphatemia is common in patients with CKD and has
been associated with an increased relative risk of hospitaliza-
tion, cardiovascular events, and death.®®'*!? Strategies to
manage hyperphosphatemia include dietary phosphate restric-
tion, the dialytic removal of phosphate, and the use of phos-
phate binders.'® When considering hyperphosphatemia and its
management, the authors suggest:

1. While awaiting the results of ongoing RCTs assessing
the clinical utility of lowering serum phosphate levels, it
is reasonable to continue to target lower phosphate
levels given the currently available data demonstrating
an association between hyperphosphatemia and mor-
bidity and mortality in patients with CKD.*!"12

2. Patient education should include general recommen-
dations on the role of dictary phosphate restriction
with emphasis on the hidden phosphate intake from
phosphate additives in processed foods and carbo-
nated beverages. Nutrient composition tables can be
used to recommend food substitutions that can con-
siderably reduce the daily intake of organic

phosphate.?’** Guidance should also be offered on

preparing foods at home, using methods such as
boiling which may remove ~50% of phosphate
content,?>#!-52

3. Given that higher calcium concentrations have been
linked to increased nonfatal cardiovascular events and
mortality in adults with CKD, the dose of calcium-
based phosphate binders should be restricted.** In the
opinion of the authors, previous KDOQI guidelines®
suggesting the total dose of elemental calcium provided
by calcium-based phosphate binders not exceed
1,500 mg/day seems reasonable.

4. The current KDIGO guidelines recommend that in
adults with CKD receiving phosphate-lowering treat-
ment, the dose of calcium-based phosphate binders be
restricted. Further to this, we suggest that for patients
with evidence of vascular calcification, consideration be
given to use of non-calcium-based phosphate binders.

5. Pill burden and GI side effects such as abdominal bloat-
ing, diarrhea, and constipation, are significant impedi-
ments in patient adherence to phosphate binders.?’ The
multidisciplinary teams who see these patients should
specifically address these concerns and consider switch-
ing phosphate binders to maximize adherence. Newer
phosphate binders may offer lower pill burden and

improved GI intolerance.®*%*

In conclusion, the widespread treatment of hyperphosphatemia
requires validation through completion of prospective rando-
mized trials underway to ascertain whether and which method
and degree of phosphate control results in optimal clinical
outcomes in patients with CKD. In the interim, the decision
and approach used to treat hyperphosphatemia should be based
on the best available data, as well as patient needs and clinical
judgment. The authors recommend that in CKD G5D patients
with progressive and persistent hyperphosphatemia, phosphate
lowering therapies be implemented. Clinicians should consider
limiting the prescribed dose of calcium-based phosphate bin-
ders, especially in the setting of hypercalcemia, vascular or
ectopic calcification or calciphylaxis. Furthermore, we recom-
mend that patients with CKD receive nutritional education
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with respect to the dietary phosphate content of foods, includ-
ing the bioavailability of phosphate depending on the protein
source and the large contribution of inorganic phosphate found
in food additives.
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