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Abstract Sucroferric oxyhydroxide (Velphoro®), an
iron-based oral phosphate binder, is available for the con-
trol of serum phosphorus levels in patients with chronic
kidney disease (CKD) on dialysis. In a pivotal phase III
trial, sucroferric oxyhydroxide 1000-3000 mg/day for
24 weeks was noninferior to sevelamer carbonate
4800-14,400 mg/day with regard to lowering serum
phosphorus levels. Additionally, sucroferric oxyhydroxide
at maintenance dosages was significantly more effective
than low dosage sucroferric oxyhydroxide (250 mg/day)
with regard to maintaining controlled serum phosphorus
levels during weeks 24-27 of treatment. Sucroferric
oxyhydroxide had a numerically lower mean daily pill
burden and better treatment adherence than sevelamer
carbonate. Treatment with sucroferric oxyhydroxide was
generally well tolerated over 24 weeks’ treatment, with the
most frequently reported treatment-emergent adverse
events being mild, transient diarrhoea and discoloured
faeces. In a 28-week extension study, the efficacy and
tolerability profile of sucroferric oxyhydroxide remained
similar to sevelamer carbonate for up to 52 weeks. In
conclusion, sucroferric oxyhydroxide is a valuable treat-
ment option for hyperphosphataemia in CKD patients on
dialysis, providing an effective and generally well tolerated
noncalcium-based phosphate binder therapy with a lower
pill burden than sevelamer carbonate and the potential for
improved treatment adherence.
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Sucroferric oxyhydroxide in chronic kidney disease

patients with hyperphosphataemia undergoing dialysis:
a summary

Oral, iron-based phosphate binder with a practically
insoluble active moiety (polynuclear iron[III]-
oxyhydroxide)

Noninferior efficacy to sevelamer carbonate in
lowering serum phosphorus levels

Significantly more effective in maintaining
controlled serum phosphorus levels with
maintenance dosage than with low dosage

Numerically lower pill burden and better treatment
adherence than sevelamer carbonate

Generally well tolerated, with a similar long-term
tolerability profile to sevelamer carbonate

Minimal iron absorption, with no evidence of iron
accumulation over 52 weeks

1 Introduction

Chronic kidney disease (CKD) patients experience a pro-
gressive deterioration of mineral homeostasis due to de-
clining kidney function that leads to abnormal serum and
tissue levels of phosphorus [1]. International clinical
practice guidelines suggest lowering serum phosphorus
levels towards the normal range in CKD patients on dia-
lysis [1]. To achieve this, restriction of dietary phosphate is
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recommended and increased dialytic removal of phosphate
in patients with persistent hyperphosphataemia is suggested
[1]. However, as dietary phosphate restriction is compli-
cated and often inadequate for maintaining controlled
serum phosphorus levels, oral phosphate binder therapy is a
necessary component of hyperphosphataemia management
for most CKD patients on dialysis [2—4]. Calcium-based
binders (e.g. calcium carbonate and calcium acetate) have
been the mainstay of phosphate binder therapy for many
years, and are recommended as first-line therapy in the UK
treatment guidelines [5]; however, at high dosages they are
associated with an increased risk of hypercalcaemia and
vascular calcification [6]. This has led to the development
of noncalcium-based phosphate binders in recent years [3].

Sucroferric oxyhydroxide (Velphoro®) is an oral, iron-
based phosphate binder that is indicated for the treatment
of hyperphosphataemia in CKD patients undergoing dia-
lysis in the USA [7] and EU [8]. A new drug application for
sucroferric oxyhydroxide in this indication has been sub-
mitted in Japan [9]. This article provides an overview of
the pharmacological properties of sucroferric oxyhydroxide
and reviews the clinical data underpinning its use in hy-
perphosphataemia in CKD patients undergoing dialysis. In
this review, the dose of sucroferric oxyhydroxide is ex-
pressed in terms of iron content (i.e. 250 mg or 500 mg per
tablet). Although the dose of sucroferric oxyhydroxide has
been described in terms of tablet weight in earlier studies,
the dose description in this article is exclusively based on
iron content to maintain consistency and avoid
misinterpretation.

2 Pharmacodynamic Properties

Sucroferric oxyhydroxide binds dietary phosphate in the
gastrointestinal (GI) tract by ligand exchange involving its
hydroxyl groups and/or associated water molecules [7, 8].
Serum phosphorus and calcium-phosphate product levels
are consequently decreased due to reduced dietary phos-
phate absorption, with bound phosphate being eliminated
in the faeces [7, 8].

In vitro, sucroferric oxyhydroxide had high phosphate
binding capacity over the physiologically relevant pH
range found throughout the GI tract, indicating that phos-
phate binding could start in the stomach [10]. Phosphate
adsorption peaked at a final pH value of 2.6, with a
stoichiometric phosphate to iron ratio of 0.47 mmol
phosphorus/mmol iron (0.26 mg phosphorus/mg iron).
Based on this finding, three sucroferric oxyhydroxide
500 mg tablets had an estimated in vitro binding capacity
of 126 mmol (390 mg) of phosphorus, which would meet
the average daily phosphorus binding requirements for
CKD dialysis patients of =120 mmol (371 mg) [10].
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In patients with stable preterminal renal failure and
hyperphosphataemia, oral administration of powdered
sucroferric oxyhydroxide 500 mg three times daily resulted
in a median decrease in urinary phosphate of 37 % and a
calculated binding capacity of ~1.33 mmol phosphorus
for sucroferric oxyhydroxide 250 mg [11].

3 Pharmacokinetic Properties

Sucroferric oxyhydroxide consists of a mixture of
polynuclear iron(Ill)-oxyhydroxide (=~33 %), sucrose
(~30 %), starches (~28 %) and water (<10 %), and has
an iron content of 21 % [10]. The active moiety,
polynuclear iron(III)-oxyhydroxide, is practically insoluble
and not intended to be absorbed or metabolized, while the
sucrose and starches are digested to absorbable carbohy-
drates (i.e. glucose, fructose and maltose) [7, 8].
Sucroferric oxyhydroxide is formulated as a chewable
tablet to allow for optimal phosphate adsorption without
the need for additional fluid intake [12]. In vitro,
sucroferric oxyhydroxide tablets had adequate chewability
that was comparable to other commercially available
chewable phosphate binder tablets [12].

No classical pharmacokinetic studies have been per-
formed on sucroferric oxyhydroxide due to its insolubility
and degradation characteristics [7, 8]. Mononuclear iron
can potentially be released from the surface of polynuclear
iron(IlT)-oxyhydroxide as a degradation product and ab-
sorbed [7, 8]. In vitro, there was minimal iron release from
sucroferric oxyhydroxide (0.26-0.35 %) under conditions
simulating administration on a full stomach during passage
through the GI tract (final pH 2.6-8.0) [10]. Iron release
of ~0.3 % corresponded to 4.5 mg of iron released for
three sucroferric oxyhydroxide 500 mg tablets. Under
conditions simulating administration on an empty stomach
(i.e. initial pH 1.2), iron release from sucroferric
oxyhydroxide was 67 and 6 % in the absence and presence
of phosphate. X-ray photoelectron spectroscopy showed
that iron phosphate was predominantly formed when
sucroferric oxyhydroxide was exposed to a phosphate
solution under acidic conditions, whereas iron(III)-
oxyhydroxide was present under alkaline conditions [10].

In healthy volunteers and CKD patients, there was very
low iron uptake at 21 days after oral administration of ra-
diolabelled sucroferric oxyhydroxide, with healthy volun-
teers having = 10-fold higher iron uptake than CKD
patients [13]. The median expected iron absorption from
sucroferric oxyhydroxide 2000 mg/day was ~ 1.2 and
0.4 mg/day for nondialysis and haemodialysis (HD) CKD
patients, respectively. Therefore, patients receiving
sucroferric oxyhydroxide in a clinical setting are thought to
have a very low risk of iron overload [13].
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In a pivotal phase III trial in CKD patients with hyper-
phosphataemia on dialysis (Sect. 5), there were sig-
nificantly (p < 0.0001) greater increases from baseline in
median transferrin saturation levels with sucroferric
oxyhydroxide than sevelamer carbonate at week 24, while
increases from baseline in serum ferritin did not sig-
nificantly differ between treatment groups and there were
no significant changes from baseline in iron or haemoglo-
bin levels [14]. Increases in iron parameters occurred early
during treatment and stabilized with ongoing therapy,
suggesting there was no iron accumulation with sucroferric
oxyhydroxide [14]. In a 28-week extension of this trial
(Sect. 5.4), there was no evidence of iron accumulation
with sucroferric oxyhydroxide over 52 weeks of treatment,
with transferrin saturation and serum ferritin levels re-
maining stable in these patients [15]. In subgroup analysis
of iron parameters by region, baseline median serum fer-
ritin levels were at least 75 % higher in patients from the
USA than patients from Europe and other countries, with
numerically larger increases from baseline at week 24
observed in patients from the USA than in patients from
other regions [14]. During the phase III trial, concomitant
intravenous iron products were received by 71 % of
sucroferric oxyhydroxide and 74 % of sevelamer carbonate
recipients, with a generally higher proportion of patients
receiving intravenous iron in the USA (73 %) compared
with Europe (53 %) and other countries (33 %) [14]. In
post hoc analysis at week 52, changes in iron parameters
were mainly attributed to concomitant intravenous iron
treatment [16].

4 Drug Interactions

Potential drug interactions have been identified in vitro be-
tween sucroferric oxyhydroxide and alendronic acid,
doxycycline, levothyroxine sodium, cephalexin, doxercalciferol
and paricalcitol [7, 8]. In vitro studies have also demon-
strated that there are no relevant interactions between
sucroferric oxyhydroxide and any of the following medica-
tions:  ciprofloxacin, enalapril,  hydrochlorothiazide,
metformin, metoprolol, nifedipine, quinidine, cinacalcet,
clopidogrel or pioglitazone [7, 8]. The US prescribing in-
formation recommends administration of doxycycline >1 h
before sucroferric  oxyhydroxide, and states that
levothyroxine sodium should not be prescribed with
sucroferric oxyhydroxide [7]. The EU label suggests that
any known or potentially interacting medication should
be administered >1 h before or 2 h after sucroferric
oxyhydroxide [8].

In healthy volunteers, there were no clinically relevant
effects on the systemic exposure of digoxin, furosemide,

losartan, omeprazole or warfarin when these agents were
administered simultaneously or 2 h after a single dose of
sucroferric oxyhydroxide 1000 mg [17]. In this study, peak
serum concentrations (C,x) of digoxin, furosemide,
losartan and omeprazole were decreased when adminis-
tered with sucroferric oxyhydroxide and food compared
with administration 2 h after food and sucroferric
oxyhydroxide. While it was considered possible that the
differences in C,,,, were due to the effect of food, a direct
effect of sucroferric oxyhydroxide on the absorption rate of
these medications could not be excluded [17].

In post hoc analysis from a phase I1I trial in CKD patients on
dialysis (Sect. 5), sucroferric oxyhydroxide had no effect on
the lipid-lowering effects of simvastatin, atorvastatin or other
statins, despite earlier in vitro data indicating that an interac-
tion occurs between sucroferric oxyhydroxide and atorvastatin
[18]. Another post hoc analysis from this trial revealed that
there was no interaction between sucroferric oxyhydroxide
and stable oral vitamin D agonist therapy [19]. In these ana-
lyses, the active control drug (sevelamer carbonate) impacted
the serum lipid parameters during treatment with statins [18]
and interacted with oral vitamin D agonists [19].

5 Therapeutic Efficacy

Sucroferric oxyhydroxide, when administered at 1000, 1500,
2000 or 2500 mg/day for 6 weeks, significantly (p < 0.05)
decreased mean serum phosphorus levels from baseline
(primary endpoint) in a phase II, dose-finding trial in CKD
patients on HD (n = 150), with efficacy that was compa-
rable to sevelamer hydrochloride 4800 mg/day and sig-
nificantly (p < 0.01) better than sucroferric oxyhydroxide
250 mg/day [20]. However, given the availability of a piv-
otal phase III trial [14] and its 28-week extension [15], this
phase II trial is not discussed further.

The efficacy of sucroferric oxyhydroxide in the treat-
ment of hyperphosphataemia in adult (>18 years) CKD
patients undergoing dialysis was compared with sevelamer
carbonate in a randomized, open-label, multinational, ac-
tive-controlled, parallel-group, prospective two-stage phase
IIT trial [14] plus a 28-week extension [15]. Patients had a
history of hyperphosphataemia treated with stable phos-
phate binder therapy for >1 month, and had been receiving
maintenance HD three times per week or peritoneal dia-
lysis (PD) for >3 months. Key exclusion criteria included
hypercalcaemia (total serum calcium >2.75 mmol/L)
while receiving calcium-free phosphate binders, hypocal-
caemia, intact parathyroid hormone (iPTH) levels >88
pmol/L and serum ferritin levels >4494 pmol/L. After a
washout period of 2-4 weeks during which previous
phosphate binders were stopped, eligible patients had
serum phosphorus levels >1.94 mmol/L [14].
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In stage 1 (baseline to week 24), patients received
sucroferric oxyhydroxide 1000-3000 mg/day (2-6 chew-
able tablets daily) or sevelamer carbonate 4800—
14,400 mg/day (6-18 tablets daily) [14]. Sucroferric
oxyhydroxide was started at 1000 mg/day (one chewable
500 mg tablet taken twice daily with the largest meals of
the day) and sevelamer carbonate was started at
4800 mg/day (two 800 mg tablets taken three times daily).
Stage 1 consisted of a dose-titration phase (weeks 0-8; the
dosage of either drug could be titrated for efficacy and
tolerability), a maintenance phase (weeks 8-12; dosage
adjustments were allowed only for tolerability) and a sec-
ond maintenance phase (weeks 12-24; dosage titration for
efficacy and tolerability was permitted). Sucroferric
oxyhydroxide could be titrated by 500 mg/day every 2 weeks
(within a range of 1000-3000 mg/day), while sevelamer
carbonate could be titrated by 2400 mg/day (within a range
of 2400-14,400 mg/day). In stage 2 (weeks 24-27), HD
patients from the sucroferric oxyhydroxide treatment group
were re-randomized to continue sucroferric oxyhydroxide
at the week 24 maintenance dosage (MD) or low dosage
250 mg/day (LD) (minimal or no effects were observed at
this dosage in the phase II trial [20]); dosage adjustments
were not permitted [14].

In stage 1, the main objective was to demonstrate non-
inferiority of sucroferric oxyhydroxide compared with
sevelamer carbonate by assessing the changes from base-
line in mean serum phosphorus levels at week 12 (sec-
ondary endpoint) [14]. In stage 2, the efficacy objective
was to establish superiority of sucroferric oxyhydroxide
MD compared with sucroferric oxyhydroxide LD by
assessing serum phosphorus from weeks 24-27 (primary
endpoint) [14]. Treatment adherence was assessed by de-
termining the actual tablet intake during the maintenance
treatment period relative to the expected tablet intake, with
the number of tablets returned by patients used for calcu-
lation purposes. Patients receiving 70-120 % of the ex-
pected tablet intake were recorded as being adherent [14].

In the full analysis set (FAS) in stage 1 (n = 1041),
patients had a mean age of 56 years and 92 and 8 % of
patients were undergoing HD and PD [14].

5.1 Noninferiority of Sucroferric Oxyhydroxide Versus
Sevelamer Carbonate (Stage 1)

Sucroferric oxyhydroxide was noninferior to sevelamer
carbonate in lowering serum phosphorus levels in CKD
dialysis patients with hyperphosphataemia [14]. At week
12, the least-squares mean difference in change from
baseline serum phosphorus levels between sucroferric
oxyhydroxide and sevelamer carbonate treatment groups
met predefined noninferiority criteria (Table 1). The serum
phosphorus-lowering effect was maintained at week 24 for
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both treatment groups. For the entire study period, there
were no significant interactions with treatment effect for
baseline demographic and disease covariates, including
sex, age, ethnicity, geographical region, baseline serum
phosphorus levels, dialysis modality, time from first dia-
lysis, aetiology of end-stage renal disease, number of pre-
vious phosphate binders received and previous use of
sevelamer carbonate [14].

5.2 Other Outcomes (Stage 1)

Patients receiving sucroferric oxyhydroxide had a nu-
merically lower mean pill burden than those receiving
sevelamer carbonate during stage 1 of this trial [14]. From
baseline to week 24, FAS patients in the sucroferric
oxyhydroxide and sevelamer carbonate groups had mean
pill burdens of 3.1 and 8.1 tablets/day. Over the same study
period, treatment adherence was 83 and 77 % in patients
receiving sucroferric oxyhydroxide and sevelamer
carbonate [14].

In CKD, hyperphosphataemia is associated with
elevated PTH levels and decreased 1,25-dihydroxy-vitamin
D [1,25(0OH),D] levels as a result of impaired conversion
from 25-hydroxy-vitamin D [25(OH)D] [1]. At week 24 of
the study, patients in both treatment groups had significant
(p < 0.05) decreases from baseline in median serum iPTH
levels, with a significantly (p = 0.04) greater reduction in
iPTH levels with sucroferric oxyhydroxide than sevelamer
carbonate [14]. At week 24, median serum 25(OH)D levels
had also significantly (p < 0.0001) decreased from base-
line in the sucroferric oxyhydroxide and sevelamer
carbonate groups, with sevelamer carbonate recipients
having a significantly (p = 0.019) greater reduction in
serum 25(OH)D levels than sucroferric oxyhydroxide
recipients. Patients in the sevelamer carbonate group had
significant (p = 0.0065) decreases from baseline in median
serum 1,25(OH),D levels at week 24, but median serum
1,25(0OH),D levels did not significantly decrease from
baseline in patients receiving sucroferric oxyhydroxide
[14].

5.3 Superiority of Sucroferric Oxyhydroxide
Maintenance Dosage Versus Low Dosage (Stage 2)

Treatment with sucroferric oxyhydroxide MD for 3 weeks
was significantly more effective than sucroferric
oxyhydroxide LD with regard to maintaining serum phos-
phorus levels following 24 weeks of treatment (Table 1)
[14]. There was no significant change in mean serum
phosphorus levels from weeks 24-27 for patients in the
sucroferric oxyhydroxide MD treatment group, while pa-
tients in the sucroferric oxyhydroxide LD group had a
significantly greater increase in serum phosphorus levels
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Table 1 Efficacy of sucroferric oxyhydroxide in chronic kidney disease patients on dialysis with hyperphosphataemia. Results from a phase III
trial as assessed in the per-protocol (stage 1) and primary efficacy (stage 2) populations [14, 21]

Treatment (dosage) No. of Mean serum phosphorus (mmol/L)*
ts
P BL® LSM change from BL Difference in LSM change Upper limit of one-sided
(timepoint)®? from BL 97.5 % CI

Stage 1 (week 0-24)
PA21 (1000-3000 mg/day; 461 2.48 —0.71 (week 12) 0.08 (week 12) 0.15

2-6 tablets/day) —0.73 (week 24)°
SEV-carb (4800-14,400 mg/day; 224 2.45 —0.79 (week 12)

6-18 tablets/day)g —0.80 (week 24)°
Stage 2 (week 24-27)
PA21 MD" 44 1.53 0.08 (week 27)*
PA21 LD (250 mg/day) 49 1.61 0.62 (week 27)

BL baseline, LD low dosage, LSM least-squares mean, MD maintenance dosage, PA2/ sucroferric oxyhydroxide, pts patients, SEV-carb

sevelamer carbonate
* p <0.001 vs. PA21 LD

a

® Recorded at randomization for stage 1 or at week 24 for stage 2

c

Where levels were provided in mg/dL, units were converted to mmol/L by multiplication by a conversion factor of 0.323

Efficacy endpoints; recorded at week 12 for stage 1 (secondary endpoint) or at week 27 for stage 2 (primary endpoint)

9" Analysis for weeks 12 and 24 included last observation carried forward data

¢ Raw arithmetic mean change from BL

Noninferiority of PA21 vs. SEV-carb was established as the upper limit of the one-sided 97.5 % CI was <0.19 mmol/L (predefined margin)

€ From weeks 12-24, SEV-carb dosage could be titrated to 2400-14,400 g/day (3-18 tablets/day)

and the between-group difference significantly favoured
sucroferric oxyhydroxide MD treatment (Table 1). Co-
variance analyses demonstrated no significant interaction
with treatment effects when week 24 serum phosphorus
levels or other baseline patient characteristics (Sect. 5.1)
were used as covariates [14].

5.4 Extension Study

The efficacy of sucroferric oxyhydroxide was maintained
throughout a 28-week extension and the total treatment pe-
riod of 52 weeks [15]. Patients who completed treatment to
weeks 24 or 27 (excluding those receiving sucroferric
oxyhydroxide LD) were enrolled in a 28-week extension in
which they continued to receive maintenance dosages of
either sucroferric oxyhydroxide (n = 384) or sevelamer
carbonate (n = 260). At week 52, there was no significant
difference between treatment groups in the change from
extension study baseline in mean serum phosphorus levels
(0.02 vs. 0.09 mmol/L with sucroferric oxyhydroxide vs.
sevelamer carbonate). In a pooled analysis of data from the
initial 24-week trial and its 28-week extension, changes
from baseline in mean serum phosphorus levels also did not
significantly differ over the total 52-week treatment period
between the sucroferric oxyhydroxide (—0.70 mmol/L) and

PA21 continued at the same dosage as receiving at the end of stage 1 (week 24) with no adjustments

sevelamer carbonate (-0.66 mmol/L) groups. Mean serum
phosphorus levels for both treatment groups remained within
the Kidney Disease Outcomes Quality Initiative target range
of 1.13-1.78 mmol/L. at each timepoint throughout the
28-week extension. Among patients completing 52 weeks’
treatment, 52 and 55 % of sucroferric oxyhydroxide and
sevelamer carbonate recipients were within this target range
at week 52 [15]. In subgroup analysis, the efficacy of
sucroferric oxyhydroxide and sevelamer carbonate were
similar in HD versus PD patients (abstract [22] and abstract
plus poster [23] presentations).

During the 28-week extension, sucroferric oxyhydroxide
recipients required a numerically lower mean daily pill
number compared with sevelamer carbonate recipients to
maintain control of serum phosphorus levels (4.0 vs.
10.1 tablets) [15]. Over this period, treatment adherence
was 86 and 77 % in the sucroferric oxyhydroxide and
sevelamer carbonate groups. In the pooled analysis, the
mean pill burden with sucroferric oxyhydroxide was 62 %
lower than that of sevelamer carbonate over 52 weeks’
treatment (3.3 vs 8.7 tablets/day). During this period,
treatment adherence was 83 % with sucroferric
oxyhydroxide and 80 % with sevelamer carbonate [15].

At week 52, there were significant (p < 0.001) increases
in mean iPTH levels from extension study baseline in both
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treatment groups [15]. Bone-specific alkaline phosphatase
levels significantly (p < 0.001) decreased from extension
study baseline to week 52 with sucroferric oxyhydroxide,
but did not significantly change with sevelamer carbonate.
There was no significant difference in mean total serum
calcium levels from extension study baseline to week 52 in
either treatment group. The between-group differences
were not significant for any of these parameters [15].

6 Tolerability

Sucroferric oxyhydroxide was generally well tolerated in
the phase III trial and its 28-week extension discussed in
Sect. 5. The incidence of treatment-emergent adverse
events (TEAEs) was 83 and 76 % in patients receiving
sucroferric oxyhydroxide and sevelamer carbonate over
24 weeks (stage 1) [14]. The incidence of serious TEAEs
was 18 and 20 % in the sucroferric oxyhydroxide and
sevelamer carbonate groups, although sucroferric
oxyhydroxide recipients had a numerically higher inci-
dence of GI TEAEs (45 vs. 34 %) and withdrawal due to
TEAESs (16 vs. 7 %) than sevelamer carbonate recipients,
the latter being primarily related to GI TEAEs (e.g. diar-
rhoea). However, nonadherence to study treatment was
reported in 15 and 21 % of sucroferric oxyhydroxide and
sevelamer carbonate recipients. Withdrawal due to hyper-
phosphataemia occurred in 1 % of patients receiving
sucroferric oxyhydroxide and none of the patients receiving
sevelamer carbonate; this was thought to be due to the low
starting dosage of sucroferric oxyhydroxide. The mean daily
number of tablets in the sucroferric oxyhydroxide group was
3.6 by weeks 12-24, indicating that most of these patients
required three tablets daily for effective control of serum
phosphorus levels [14].

Over 24 weeks’ treatment, the most common adverse
events (AEs) with sucroferric oxyhydroxide were diar-
rhoea, discoloured faeces and hyperphosphataemia,
whereas nausea and constipation were the most common
AEs with sevelamer carbonate (Fig. 1) [14]. Treatment-
related AEs were reported in 40 % of patients receiving
sucroferric oxyhydroxide and 20 % of those receiving
sevelamer carbonate. The difference between the treatment
groups was mainly due to the incidence of discoloured
faeces and diarrhoea during sucroferric oxyhydroxide
treatment. All reports of sucroferric oxyhydroxide-related
discoloured faeces occurred during the titration phase
(weeks 0-8), and the event rarely resulted in treatment
withdrawal (<1 %). Given that sucroferric oxyhydroxide is
an oral iron preparation, the occurrence of discoloured
faeces was to be expected [14]. While this event may po-
tentially mask GI bleeding, sucroferric oxyhydroxide does
not affect faecal occult blood tests [8]. Of the patients who
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Fig. 1 Treatment-emergent adverse events with a >5 % incidence
over 24 weeks in a phase III trial in chronic kidney disease patients on
dialysis [14]. PA21 sucroferric oxyhydroxide, SEV-carb sevelamer
carbonate

reported diarrhoea during treatment, most cases were mild
and transient in both the sucroferric oxyhydroxide (69 %)
and sevelamer carbonate (58 %) groups [14]. Additionally,
most cases of diarrthoea occurred early for both treatment
groups and resolved without study drug discontinuation. It
should also be noted that 38 % of patients in this trial had
received sevelamer carbonate during the 12 months before
study entry. These patients may have already been accli-
mated to sevelamer carbonate-related AEs, which may
have affected the reporting of AEs in this treatment group.

Serious treatment-related GI AEs occurred in two
sucroferric  oxyhydroxide recipients and none of
the sevelamer carbonate recipients. One sucroferric

oxyhydroxide patient was hospitalized for assessment of
faecal discolouration and recovered without study drug
discontinuation, while the other patient experienced a
duodenal ulcer with GI bleeding that later resolved [14].

During the 28-week extension, the incidence of TEAEs
with sucroferric oxyhydroxide decreased to 74 % [15] from
83 % during weeks 0-24 [14], and was consistent with the
incidence of TEAEs with sevelamer carbonate (77 %) [15].
Serious TEAEs were reported in 20 % of patients in both
treatment groups, and <1 % of these events were consid-
ered related to treatment; all serious treatment-related AEs
were GI disorders. Treatment-related AEs were reported in
15 and 9 % of sucroferric oxyhydroxide and sevelamer
carbonate recipients [15].
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The most common TEAE in both treatment groups
during the extension study was hyperphosphataemia, oc-
curring in 12 and 11 % of sucroferric oxyhydroxide and
sevelamer carbonate recipients [15]. Aside from hyper-
phosophataemia, the most common TEAEs with sucroferric
oxyhydroxide were hypertension (10 vs. 8 % with
sevelamer carbonate) and diarrhoea (8 vs. 6 %), while the
most common events with sevelamer carbonate were
secondary hyperparathyroidism (9 vs. 4 % with sucroferric
oxyhydroxide) and hypotension (8 vs. 5 %) [15]. The
incidence of diarrhoea and discoloured faeces, which were
the most frequent treatment-related AEs with sucroferric
oxyhydroxide during the first 24 weeks’ treatment [14],
decreased over time in the extension study [15].

In the extension study, the incidence of TEAEs resulting
in withdrawal was 8 % (decreasing from 16 % over the
first 24 weeks), while 5 % of sevelamer carbonate re-
cipients experienced TEAEs that resulted in withdrawal
[15]. In both treatment groups, hyperphosphataemia was
the most common TEAE causing withdrawal (occurring in
3 % of patients from either group), while GI TEAEs led to
withdrawal in 2 and <1 % of sucroferric oxyhydroxide and
sevelamer carbonate recipients. Other than a GI haemor-
rhage that occurred in one sevelamer carbonate recipient,
all GI TEAEs resulting in withdrawal were of mild to
moderate intensity. In a pooled analysis of data from the
initial 24-week trial and its 28-week extension, the inci-
dence of TEAEs resulting in withdrawal over 52 weeks
was 21 and 10 % with sucroferric oxyhydroxide and
sevelamer carbonate [15].

In post hoc analysis at week 52, sucroferric oxyhydroxide
recipients had a significantly (p < 0.05) higher relative risk
(RR) of mild diarrhoea (RR 2.3) and moderate diarrhoea
(RR 1.9) than sevelamer carbonate recipients, with no sig-
nificant difference in RR reported for severe diarrhoea,
although there was a significantly (p < 0.05) lower risk of
hyperparathyroidism (RR 0.6), nausea (RR 0.7), decreased
appetite (RR 0.5) and constipation (RR 0.5) with sucroferric
oxyhydroxide than sevelamer carbonate (abstract presenta-
tion) [24].

7 Dosage and Administration

In the USA [7] and EU [8], oral sucroferric oxyhydroxide
is indicated for the control of serum phosphorus levels in
adult patients with CKD on dialysis. In the EU, the use of
sucroferric oxyhydroxide as part of a multiple therapeutic
approach is suggested; this may include calcium supple-
mentation, 1,25-dihydroxy-vitamin D3 or one of its ana-
logues, or calcimimetics to control renal bone disease
development [8].

Each woodberry flavoured sucroferric oxyhydroxide
chewable tablet contains 500 mg iron [7, 8]. The recom-
mended starting dosage is three sucroferric oxyhydroxide
tablets (1500 mg) per day, administered as one tablet three
times daily. Sucroferric oxyhydroxide tablets must be
chewed and not swallowed whole; however, the tablets
may be crushed to aid with chewing and swallowing. Ad-
ditional fluid intake above the usual amount is not required.
Sucroferric oxyhydroxide must be taken with meals, with
the total daily dose divided across the meals of the day to
maximize dietary phosphate binding [7, 8]. The EU label
also recommends that patients remain adherent to their
prescribed diets [8]. If one or more doses of sucroferric
oxyhydroxide are missed, the medication should be re-
sumed with the patient’s next meal [7, 8].

The dosage of sucroferric oxyhydroxide should be ti-
trated in increments or decrements of one tablet per day
until acceptable serum phosphorus levels are reached
(=<1.78 mmol/L), with subsequent regular monitoring [7,
8]. In the EU, dosage titration every 2—4 weeks is recom-
mended [8], while the US label states that titration can start
from 1 week after treatment initiation with adjustments
made at weekly intervals as needed [7]. In clinical studies,
an average dosage of 3—4 tablets/day (1500-2000 mg/day)
was required to control serum phosphorus levels [7, 8]. The
maximum recommended dosage in the EU is 6 tablets/day
(3000 mg/day) [8].

Sucroferric oxyhydroxide is contraindicated in patients
with haemochromatosis or any other iron accumulation
disorder in the EU [8], and the US label recommends
monitoring the effects on iron homeostasis in these patients
[7].

Local prescribing information should be consulted for
detailed information, including warnings and precautions,
contraindications, potential drug interactions and adminis-
tration in special patient populations.

8 Place of Sucroferric Oxyhydroxide
in the Management of Hyperphosphataemia
in Chronic Kidney Disease Patients Undergoing
Dialysis

Management of hyperphosphataemia in CKD patients on
dialysis is essential due to the associated increased risk of
cardiovascular and all-cause mortality, with most patients
requiring oral phosphate binder therapy for adequate con-
trol of serum phosphorus levels [2—4, 25, 26]. Phosphate
binders account for approximately one-half of a typically
high daily pill burden in CKD dialysis patients [27]. Higher
pill burdens have been associated with lower health-related
quality of life (HR-QOL) scores and significantly reduced
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treatment adherence [27, 28], which is common in CKD
dialysis patients [2, 3, 25]. In a study of HD patients re-
ceiving phosphate binder therapy, increased adherence was
associated with lower mean phosphorus levels and a higher
proportion of patients with serum phosphorus <1.78
mmol/L [28]. This study concluded that phosphate binder
formulations with lower pill burdens and equivalent
phosphate binding capacity are likely to result in increased
patient adherence and potentially improved control of
serum phosphorus levels [28].

An ideal phosphate binder should effectively bind dietary
phosphate across a physiological pH range, have minimal
systemic absorption, an acceptable tolerability profile, a low
pill burden and be cost effective [2, 3, 25]. Of the currently
available phosphate binders, calcium-based binders are ef-
fective, well tolerated and inexpensive [4, 25]. However,
they can be associated with a positive calcium balance that
can lead to oversuppression of PTH, adynamic bone disease
and vascular calcification due to calcium deposition in tis-
sues and vessels [4, 25], and clinical guidelines recommend
avoiding high dosages in certain patients populations [1].
Sevelamer is an anion-exchange resin that effectively binds
phosphate while avoiding the risk of hypercalcaemia due to
its nonabsorbable properties [4, 25]. However, sevelamer-
based binders (i.e. sevelamer hydrochloride and sevelamer
carbonate) are expensive and have an increased risk of GI
AEs compared with calcium-based binders; sevelamer
hydrochloride has also been attributed to an increased inci-
dence of metabolic acidosis [3, 25]. Moreover, sevelamer-
based binders require high pill burdens (6-12 tablets/day)
for effective management of hyperphosphataemia [3].

Sucroferric oxyhydroxide, an iron-based phosphate
binder, has been approved for the treatment of hyper-
phosphataemia in CKD patients undergoing dialysis [7, 8].
In a pivotal phase III trial, sucroferric oxyhydroxide
1000-3000 mg/day had noninferior efficacy to sevelamer
carbonate 4800-14,400 mg/day in lowering serum phos-
phorus levels in CKD patients on dialysis over 24 weeks
(Sect. 5.1). Furthermore, sucroferric oxyhydroxide MD
(1000-3000 mg/day) was significantly more effective than
sucroferric oxyhydroxide LD (250 mg/day) with regard to
maintaining serum phosphorus levels for a further 3 weeks
(Sect. 5.3). Sucroferric oxyhydroxide had a numerically
lower mean daily pill burden than sevelamer carbonate,
and treatment adherence was observed in a numerically
higher proportion of sucroferric oxyhydroxide versus
sevelamer carbonate recipients (Sect. 5.2). In a 28-week
extension, the efficacy of sucroferric oxyhydroxide was
maintained over 52 weeks of treatment with a numerically
lower pill burden than sevelamer carbonate (Sect. 5.4).

The reduced pill burden of sucroferric oxyhydroxide
compared with sevelamer carbonate has the potential for
improved treatment adherence in dialysis patients [14], and
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may also result in improved patient HR-QOL [27]. While
sevelamer carbonate is also available as a powder, which
may help to reduce its pill burden [2, 4], sucroferric
oxyhydroxide is formulated as a chewable tablet that does
not require any additional fluids (Sect. 7), which could
potentially provide a further clinical benefit for CKD
patients by avoiding excess fluid intake [12].

Sucroferric oxyhydroxide was generally well tolerated in
clinical trials (Sect. 6). Although TEAEs were reported with
numerically higher frequency in patients receiving sucroferric
oxyhydroxide than sevelamer carbonate during the phase III
trial, this difference was principally due to a higher incidence
of mild, transient diarrhoea and discoloured faeces with
sucroferric oxyhydroxide during early treatment. Other reported
GI TEAE:s, including constipation and nausea, were reported
with numerically higher frequency with sevelamer carbonate
than sucroferric oxyhydroxide. Over 24 weeks’ treatment,
hyperphosphataemia also occurred with numerically higher
frequency with sucroferric oxyhydroxide than sevelamer
carbonate; however, this was thought to be due to a study
design limitation, where the dose frequency at the initiation of
the dosage titration phase for sucroferric oxyhydroxide (twice
daily) was less than equivalent to that used for sevelamer
carbonate (three times daily). Other limitations of the phase
III clinical trial included its open-label design and that a large
proportion (more than one-third) of patients had previously
received sevelamer carbonate in the 12 months before study
enrolment [14]. These patients were potentially already ac-
customed to the adverse events associated with sevelamer
carbonate, which may have affected the reported incidence of
TEAES in this treatment group [14]. In the 28-week extension
study, the incidence of TEAEs were generally similar across
treatment groups over 52 weeks of treatment, with hyper-
phosphataemia being the most commonly reported event in
both treatment groups (Sect. 6).

Sucroferric oxyhydroxide administration is associated
with minimal iron absorption in CKD patients on dialysis,
and in the phase III trial, there were larger increases from
baseline in median transferrin saturation levels in patients
receiving sucroferric oxyhydroxide, especially those re-
ceiving concomitant intravenous iron (Sect. 3). However,
there was no evidence of iron accumulation over 52 weeks
[15], and given that iron deficiency is prevalent in CKD
patients, mild iron absorption from sucroferric oxyhydroxide
may be beneficial in these patients [26]. Longer-term studies
are needed to determine whether iron uptake is associated
with any potential drug toxicity [26].

There is limited pharmacoeconomic data available re-
garding the use of sucroferric oxyhydroxide in CKD dialysis
patients with hyperphosphataemia. However, a recent mod-
elled analysis assessing cost implications over a time horizon
of 10 years has indicated that treatment with sucroferric
oxyhydroxide was cost effective compared with sevelamer
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carbonate from the perspective of the National Health Service
in Scotland (abstract presentation) [29]. Total costs per patient
were slightly lower with sucroferric oxyhydroxide than
sevelamer carbonate, while the estimated quality-adjusted life
years remained the same for both treatment groups [29].
Additional studies are required to confirm the cost effective-
ness of sucroferric oxyhydroxide in CKD dialysis patients
with hyperphosphataemia.

In conclusion, sucroferric oxyhydroxide was effective in
lowering serum phosphorus levels in CKD patients un-
dergoing dialysis and was generally well tolerated over
52 weeks, with noninferior efficacy, generally lower pill
burden and increased adherence compared to sevelamer
carbonate. Thus, sucroferric oxyhydroxide is a valuable
option for the treatment of hyperphosphataemia in CKD
patients undergoing dialysis.

Data selection sources: Relevant medical literature (including
published and unpublished data) on sucroferric oxyhydroxide was
identified by searching databases including MEDLINE (from
1946) and EMBASE (from 1996) [searches last updated 23 Fe-
bruary 2015], bibliographies from published literature, clinical
trial registries/databases and websites. Additional information
was also requested from the company developing the drug.
Search terms: Sucroferric oxyhydroxide, Velphoro, PA21, ferric
oxyhydroxide, iron oxyhydroxide, phosphate binder, Vifor.
Study selection: Studies in patients with hyperphosphataemia
and chronic kidney disease undergoing dialysis who received
sucroferric oxyhydroxide. When available, large, well designed,
comparative trials with appropriate statistical methodology were
preferred. Relevant pharmacodynamic and pharmacokinetic data
are also included.
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external funding. During the peer review process, the manufacturer of
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article. Changes resulting from comments received were made by the
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