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Sucroferric oxyhydroxide (Velphoro®; Vifor Fresenius Medical Care Renal Pharma Ltd) 
is an iron-based phosphate binder approved for the control of serum phosphorus 
concentrations in chronic kidney disease patients receiving dialysis. Clinical data 
indicate that sucroferric oxyhydroxide has similar efficacy to sevelamer carbonate in 
lowering serum phosphorus levels; however, with a substantially lower pill burden with 
on average three to four pills/day versus eight to nine pills/day of sevelamer carbonate. 
Sucroferric oxyhydroxide is associated with discolored feces, as expected for oral 
iron-based compounds. Some patients reported mild and transient diarrhea, mostly 
at the start of treatment, which did not require any interventions. There is minimal 
iron absorption, without risk of iron overload. Overall, sucroferric oxyhydroxide is an 
effective, well-tolerated new treatment for managing hyperphosphatemia in dialysis 
patients.
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Background
Chronic kidney disease (CKD) has an esti-
mated worldwide prevalence of 8−16%; com-
mon causes of CKD include hypertension, 
diabetes, and glomerulonephritis [1]. Hyper-
phosphatemia is a universal consequence of 
Stage 5 CKD and, if left untreated, is asso-
ciated with cardiovascular morbidity, and 
mortality [2]. Sources of phosphate include 
dietary protein, polyphosphates that are 
added to foods as preservatives, and com-
mon beverages [3–5]. An association between 
the consumption of such beverages high in 
phosphate content and hyperphosphate-
mia in dialysis patients has been reported 
[4,6]. Because dietary phosphate restriction 
and conventional dialysis treatment alone 
are often insufficient to adequately man-
age hyperphosphatemia, administration of 
oral phosphate binders to limit phosphorus 
absorption from ingested food is necessary in 
most patients [7]. Several studies have dem-
onstrated that control of hyperphosphate-
mia, including the use of phosphate binders, 

is associated with a significant reduction in 
mortality [2,8,9].

Properties of an ideal phosphate binder 
include a high phosphate-binding capac-
ity across the wide pH range found in the 
gastrointestinal (GI) tract, low pill burden, 
good safety and tolerability profile, and min-
imal absorption [10]. The presently available 
phosphate binders include sevelamer, lantha-
num carbonate, and compounds containing 
either aluminum, calcium, magnesium [2,9], 
iron [11,12], or colestilan [13]. It is challeng-
ing to find an established phosphate binder 
that possesses all the ideal properties. For 
example, aluminum-based binders are asso-
ciated with significant hematologic and neu-
rologic toxicity, as well as an increased risk of 
fractures [9,14,15]. Although oral aluminum-
containing phosphate binders may have a 
direct toxicological effect, it has also been 
suggested that exposure to aluminum in dial-
ysis fluid was the primary cause of the toxic-
ity [16]. Evidence indicates that calcium-based 
phosphate binders, such as calcium carbonate 
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or calcium acetate, affect the calcium balance [17], and 
are associated with hypercalcemia [18] and vascular cal-
cification [9,19]. Concerns have also been raised over 
the mortality rate associated with calcium-containing 
phosphate binders versus their non-calcium-based 
counterparts [20]. Although inconclusive results have 
been obtained from clinical studies (including the 
RIND study and DCOR study) [21], a meta-analysis 
indicated that calcium-based phosphate binders were 
associated with increased risk of all-cause mortality 
versus non-calcium-based phosphate binders [20]. The 
use of calcium-based phosphate binders is questionable 
when there is a positive calcium balance [22]. Finally, 
the majority of available phosphate binders are associ-
ated with a high pill burden, which might compromise 
a dialysis patient’s ability to take the prescribed medi-
cation [2,9]. Pill burden is a particularly important con-
sideration, because patients receiving dialysis are often 
required to take a large number of concomitant tablets 
each day [23]. Indeed, lower pill burden is associated 
with increased adherence to phosphate binders, and 
high levels of medication adherence are associated with 
increased control of serum phosphorus [24].

Sucroferric oxyhydroxide (Velphoro®, Vifor Fre-
senius Medical Care Renal Pharma Ltd), previously 
known as PA21, is a novel, non-calcium-, iron-based 
phosphate binder, which has received US FDA approval 
and EU marketing authorization for the control of 
serum phosphorus levels in CKD patients undergo-
ing dialysis. Sucroferric oxyhydroxide is a stabilized 
polynuclear iron(III)-oxyhydroxide-based compound, 
composed of approximately 33% m/m iron(III) oxy-
hydroxide, 30% m/m sucrose, 28% m/m starch and 
≤10% m/m water (Figure 1) [25]. Similar to other phos-
phate binders, sucroferric oxyhydroxide binds dietary 
phosphate in the GI tract, preventing its absorption 
into the blood. The bound phosphate is subsequently 
eliminated in the feces [26].

In vitro data demonstrate that sucroferric oxyhy-
droxide has a high phosphate-binding capacity over the 
entire physiologically relevant pH range found in the 
GI tract. Assuming 1 mg of iron binds 0.26 mg of phos-
phate, three sucroferric oxyhydroxide tablets contain-
ing a total of 1.5 g of iron are expected to bind 390 mg 
of phosphate [25]. In vitro data also support minimal 
iron absorption following sucroferric oxyhydroxide 
administration. Under conditions representative of a 
full stomach (i.e., in the presence of phosphate) and 
during passage through the GI tract (i.e., over the 
pH range of 2.5−8.0), iron release was ≤0.35% [25]. 
Data from a subsequent Phase I absorption, distribu-
tion, metabolism and excretion study demonstrated 
that iron uptake into the blood following oral admin-
istration of 59Fe-labeled sucroferric oxyhydroxide 

was minimal, particularly in dialysis patients [27]. At 
21 days, iron uptake was slightly lower in hemodialy-
sis patients (median: 0.02%; range: 0–0.04%) than 
in non-dialysis CKD patients (median: 0.06%; range: 
0.008–0.44%). Median uptake was approximately ten-
fold lower across both CKD subgroups, compared with 
healthy subjects with low iron stores (0.43%; range: 
0.16–1.25%). Phase I data in healthy volunteers also 
showed that there was a low risk of drug−drug interac-
tions, based on systemic exposure, between sucrofer-
ric oxyhydroxide and selected drugs commonly taken 
by dialysis patients, including losartan, furosemide, 
digoxin, warfarin, and omeprazole [28].

This article provides an overview of the clinical data 
from Phase II and III trials of sucroferric oxyhydroxide 
in patients with CKD receiving dialysis.

Efficacy
The efficacy of sucroferric oxyhydroxide in dialy-
sis patients was examined in a Phase II clinical trial 
(NCT00824460), the purpose of which was to deter-
mine the effect of varying doses of the compound 
on serum phosphorus levels [29]. In this international 
open-label study, 154 adult patients who had been 
receiving maintenance hemodialysis three times a 
week for a minimum of 3 months before screening, 
with stable calcium content in dialysate for at least 
1 month before screening, were included in the study. 
After a 2-week washout period, patients were random-
ized in equal proportions to one of five doses of sucro-
ferric oxyhydroxide (low dose: 250 mg iron/day; active 
doses: 1.0, 1.5, 2.0 and 2.5 g iron/day) or to sevelamer 
hydrochloride (HCl; 4.8 g/day). A fixed dose of the 
study treatment was maintained for 6 weeks, with 
dosing three-times a day with meals (the highest dose 
was taken with the largest meal[s] of the day). Patients 
who received 250 mg iron/day took one tablet per day 
with the largest meal. The primary end point of the 
study was the change in serum phosphorus concentra-
tion from baseline to end of treatment. All patients 
remained on a phosphate-restricted diet throughout 
the study. Demographics and baseline characteristics 
were similar across all five sucroferric oxyhydrox-
ide treatment groups and the sevelamer HCl control 
group. Mean age of patients was 60.4 years across the 
five sucroferric oxyhydroxide treatment groups and 
61.6 years for the sevelamer HCl control group, and 
the majority of patients were male (63.5 and 58.3%, 
respectively). A significant decrease in serum phos-
phorus concentrations was observed in all four active 
sucroferric oxyhydroxide dose groups (p < 0.05), thus 
meeting the primary end point. In patients who pro-
vided at least one post-baseline efficacy assessment (the 
efficacy population; n = 150), the mean magnitude 
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Figure 1. Structure of sucroferric oxyhydroxide.
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of the observed reduction tended to increase with 
increasing doses of sucroferric oxyhydroxide, reaching 
a maximum for the 2.0 g/day dose (-2.00 mg/dl) and 
2.5 g/day dose (-1.69 mg/dl; Figure 2). The observed 
reductions for the 1.0 g/day dose (-1.08 mg/dl) and 
the 1.5 g/day dose (-1.25 mg/dl) of sucroferric oxyhy-
droxide were similar to those observed with 4.6 g/day 
sevelamer HCl (-1.06 mg/dl). The change in serum 
phosphorus from baseline to end of treatment was 
significantly higher in all sucroferric oxyhydrox-
ide dosing groups compared with the 250 mg/day 
group (p < 0.05). A similar pattern was observed in 
those patients without major protocol violations (per 
protocol population; Figure 2) [29].

A Phase III program comprising an initial Phase III 
trial (NCT01324128) [11], followed by an extension 
study (NCT01464190) was subsequently performed 
[30]. The purpose of the initial two-stage, randomized, 
active-controlled, parallel-group, international, mul-
ticenter, open-label, Phase III study was to compare 
the efficacy and safety of sucroferric oxyhydroxide 
and sevelamer carbonate in managing hyperphospha-
temia in patients undergoing hemodialysis or perito-
neal dialysis. Patients eligible for the study were aged 
≥18 years, and had a history of hyperphosphatemia, 
for which they had been prescribed stable doses of 
phosphate binders prior to screening. After a wash-
out period of 2−4 weeks, 1059 patients were random-

ized in a 2:1 ratio to receive sucroferric oxyhydroxide 
1.0–3.0 g/day (two to six tablets/day; twice [at study 
start] or three-times daily with the largest meals) or 
sevelamer carbonate 2.4–14.4 g/day (three to 18 tab-
lets/day; three-times daily with meals) [11]. The objec-
tive of Stage 1 was to demonstrate the non-inferiority 
of sucroferric oxyhydroxide compared with sevelamer 
carbonate at 12 weeks. This stage commenced with 
an 8-week dose-titration period, during which doses 
were titrated for efficacy (to achieve serum phosphorus 
between 0.81 to 1.78 mmol/l [2.5 to 5.5 mg/dl]) or 
for tolerability. The dose-titration period was followed 
by a 4-week maintenance period, during which doses 
could be titrated for tolerability only, and non-inferior-
ity of sucroferric oxyhydroxide against sevelamer car-
bonate was assessed at the end of the 12-week period. 
During weeks 13–24 maintenance period, doses could 
be titrated for efficacy or tolerability. Baseline demo-
graphics were similar between the sucroferric oxyhy-
droxide and sevelamer carbonate treatment groups. 
Mean age of patients was 56 years across both of the 
treatment groups, and the majority of patients were 
male (55.2 and 63.1% in the sucroferric oxyhydrox-
ide and sevelamer carbonate treatment groups, respec-
tively). Across both treatment groups, 92% of patients 
were undergoing hemodialysis and the remaining 8% 
were undergoing peritoneal dialysis. No differences in 
diet were observed between the two treatment groups. 

Figure 2. Change in serum phosphorus concentrations from baseline (± standard error of the mean). 
Data taken from [29].

1.0

0.2

0.0

-0.2

C
h

an
g

e in
 seru

m
 p

h
o

sp
h

o
ru

s (m
m

o
l/l)

-0.4

-0.6

-0.8

Velphoro
250 mg/day

*p = 0.02
Efficacy population (n = 150)

Per-protocol population (n = 120)
**p = 0.003

***p < 0.001 (all versus baseline)
Data obtained using last observation carried forward.

Velphoro
1.0 g/day

*

**

*** ***

*** ***
*** ***

***

***

Velphoro
1.5 g/day

Velphoro
2.0 g/day

Velphoro
2.5 g/day

Sevelamer HCI
4.8 g/day

0.5

0.0

C
h

an
g

e 
in

 s
er

u
m

 p
h

o
sp

h
o

ru
s 

(m
g

/d
l)

-0.5

-1.0

-1.5

-2.0

-2.5



13www.future-science.comfuture science group

Clinical rationale of sucroferric oxyhydroxide for controlling hyperphosphatemia in patients with CKD    Drug Evaluation

Figure 3 shows that, in both treatment groups, rapid 
reductions in mean serum phosphorus were observed 
and were maintained to the week 24 end point. At 
week 12, sucroferric oxyhydroxide was found to be 
non-inferior to sevelamer carbonate [11]. The serum 
phosphorus-reducing effect of sucroferric oxyhydrox-
ide was further analyzed across a number of patient 
subgroups. It was found that sucroferric oxyhydrox-
ide reduced serum phosphorus concentrations in the 
patient population, irrespective of their geographic 
region of origin, diabetic status, dialysis type, age, 
sex, weight, race, ethnicity or prior phosphate binder 
use [31,32].

The superiority of maintenance-dose sucroferric 
oxyhydroxide over low-dose sucroferric oxyhydroxide 
(250 mg/day) was demonstrated in Stage 2 of the trial. 
In total, 99 hemodialysis patients, who completed the 
initial 24 weeks of treatment with sucroferric oxyhy-
droxide, and had a controlled serum phosphorus level 
between 0.81 to 1.78 mmol/l (2.5 to 5.5 mg/dl), were 
randomized in a 1:1 ratio to receive either their main-
tenance dose (dose at week 24) or their regimen was 
changed to low-dose sucroferric oxyhydroxide during 
the following 3 weeks. At the start of Stage 2, mean 
serum phosphorus concentrations were similar in both 
the maintenance-dose (1.5 mmol/l; 4.7 mg/dl) and 
low-dose (1.6 mmol/l; 5.0 mg/dl) groups. Whereas 
mean serum phosphorus concentrations in the main-
tenance-dose group did not change significantly 
from week 24 to 27, in the low-dose group serum 
phosphorus concentrations increased by 0.6 mmol/l 
(1.8 mg/dl), resulting in a significant difference 
between the maintenance-dose and low-dose groups 
(p < 0.001), confirming superiority of the maintenance 
dose [11].

With the exception of patients who were random-
ized to the low-dose group, those who completed treat-
ment in either Stage 1 or 2 were eligible to enter the 
28-week extension study, continuing the same treat-
ment and dosage they were receiving at the end of the 
initial study. The objectives of the extension study 
were to evaluate the long-term efficacy and safety of 
sucroferric oxyhydroxide. In total, 659 patients were 
enrolled (sucroferric oxyhydroxide, n = 391; sevelamer 
carbonate, n = 268), and serum phosphorus control 
was maintained with both sucroferric oxyhydroxide 
and sevelamer carbonate over 1 year of treatment [30].

Pill burden
Clinical studies performed to date reveal that a major 
advantage of sucroferric oxyhydroxide is its association 
with a low pill burden, necessitating fewer tablets per 
day to attain similar levels of efficacy as the comparator 
phosphate binder. At week 24 of the initial Phase III 

trial, similar efficacy results were achieved with a lower 
number of pills in patients receiving sucroferric oxyhy-
droxide (mean 3.1 pills/day), compared with patients 
receiving sevelamer carbonate (mean 8.1 pills/day) [11]. 
Over 1 year, the mean number of tablets taken per day 
from baseline to the end of the extension study was 3.3 
for patients receiving sucroferric oxyhydroxide com-
pared with 8.7 for those receiving sevelamer carbonate 
[30]. It is possible that low pill burden may translate to 
greater adherence for patients prescribed sucroferric oxy-
hydroxide compared with other phosphate binders. It is 
noteworthy that adherence to study treatment (defined 
as taking 70−120% of the expected number of tablets) 
over the first 24 weeks of the study was 82.6% with 
sucroferric oxyhydroxide and 77.2% with sevelamer 
carbonate. Furthermore, non-adherence to study treat-
ment (defined as taking <70% of the expected number 
of tablets) appeared to be more common in patients 
receiving sevelamer carbonate compared with those 
taking sucroferric oxyhydroxide (21.3 vs 15.1%, respec-
tively) [11]. Over the entire 1-year study period, the pro-
portions of patients who were adherent were 83.0 and 
79.5% for patients receiving sucroferric oxyhydroxide 
and sevelamer carbonate, respectively.

Safety & tolerability
As discussed above, an ideal phosphate binder should 
be well tolerated and provide robust safety data. In the 
Phase II study, the most frequently reported adverse 
event (AE) among patients receiving sucroferric oxy-
hydroxide (across all dose groups) was hypophospha-
temia, defined by the study protocol as a serum phos-
phorus level <1.13 mmol/l (<3.5 mg/dl) (sucroferric 
oxyhydroxide, 18.0%; sevelamer HCl, 11.5%) [29]. This 
was least frequent (7.7%) in the 250 mg/day arm and 
most frequent (29.6%) in the 2.0 g/day arm. GI AEs 
were reported in 22.7% of sucroferric oxyhydroxide-
treated patients and 26.9% of sevelamer HCl-treated 
patients. There were no clinically significant differences 
in the occurrence of diarrhea, constipation, or vomit-
ing between the sucroferric oxyhydroxide groups and 
the sevelamer HCl arm, and no dose-dependence was 
noted in patients receiving sucroferric oxyhydroxide. 
As expected for an iron-based product, discolored feces 
were only reported in participants receiving sucroferric 
oxyhydroxide (11.7%). No severe or serious treatment-
related AEs (TEAEs) were reported. The most frequent 
causes of discontinuation due to AEs were hypophos-
phatemia, as cautiously predefined at a serum phospho-
rus level <3.5 mg/dl (sucroferric oxyhydroxide, 10.2%; 
sevelamer HCl, 7.7%), hypercalcemia (sucroferric oxy-
hydroxide, 4.7%; sevelamer HCl, 0%), and hyperphos-
phatemia (sucroferric oxyhydroxide, 3.9%; sevelamer 
HCl, 3.8%) [29].
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Safety and tolerability were investigated further in 
the Phase III program. In the first 24 weeks there was 
a higher incidence of TEAEs reported in the sucrofer-
ric oxyhydroxide arm compared with the sevelamer 
carbonate arm (Table 1). AEs reported more frequently 
with sucroferric oxyhydroxide included diarrhea, 

discolored stools, and hyperphosphatemia. However, 
constipation and nausea were reported more frequently 
in the sevelamer carbonate arm. Incidences of severe 
and serious TEAEs and deaths were similar between 
sucroferric oxyhydroxide and sevelamer carbonate treat-
ment groups. Few severe (sucroferric oxyhydroxide, 

Figure 3. Mean (± standard deviation) serum phosphorus concentrations and mean (± standard deviation) serum phosphorus 
changes from baseline. (A) Analysis of patients randomized to treatment who received at least one dose of study medication and had 
at least one post-baseline evaluable efficacy assessment (n = 1041). (B) Analysis of patients randomized to treatment who received 
at least one dose of study medication, had at least one post-baseline evaluable efficacy assessment, had completed from baseline to 
week 12, had at least one evaluable serum phosphorus result at or after week 12, and had no major protocol deviations (n = 685). 
Data taken from [11]. 
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1.0%; sevelamer carbonate, 1.1%) or serious TEAEs 
(sucroferric oxyhydroxide, 0.3%; sevelamer carbonate, 
0.0%) were related to study treatment, and no study 
drug-related fatal TEAEs were reported [11].

The most frequent TEAEs in either treatment group 
were GI related. Overall, the incidence of these TEAEs 
was higher in the sucroferric oxyhydroxide arm com-
pared with the sevelamer carbonate arm (Table 1). This 
difference between treatment groups was largely due to 
higher incidences of discolored feces and diarrhea in 
the sucroferric oxyhydroxide arm compared with the 
sevelamer carbonate arm. All cases of discolored feces 
associated with sucroferric oxyhydroxide were reported 
during the titration phase of the study and this AE 
rarely led to withdrawal (0.7%). Stool discoloration 
is a well-known phenomenon when using oral drugs 
containing iron and does not impact diagnostic tests 
for occult blood in stool. Regarding diarrhea, this AE 
was generally mild in severity in both the sucroferric 
oxyhydroxide (69%) and sevelamer carbonate (58%) 
groups, and presented early in treatment. More patients 
experienced diarrhea during the titration phase com-
pared with the maintenance phase for both sucroferric 
oxyhydroxide (17.3 vs 5.5%) and sevelamer carbonate 
(6.0 vs 2.3%). Moreover, cases of diarrhea typically 
resolved without the need for specific interventions or 
treatment changes, and led to withdrawal infrequently 
(sucroferric oxyhydroxide, 2.8%; sevelamer carbonate, 
0.6%) [11]. It is important to note that a high propor-

tion – approximately a third – of patients were taking 
sevelamer prior to their inclusion in the Phase III study. 
Therefore, the possibility of a selection bias in favor of 
sevelamer carbonate, which may have influenced the 
reporting of AEs, cannot be excluded.

Subgroup analysis showed that sucroferric oxyhydrox-
ide was generally safe and well tolerated among patients 
receiving either hemodialysis or peritoneal dialysis, 
and that no major differences in the safety profile were 
observed between these two groups. In terms of labora-
tory parameters, median serum intact parathyroid hor-
mone (iPTH) levels decreased significantly from base-
line to week 24 in both treatment groups, although the 
decrease was more pronounced in the sucroferric oxy-
hydroxide group compared with the sevelamer carbon-
ate arm (median values: -4.49 pmol/l [-40.8 pg/ml] vs 
-1.59 pmol/l [-14.5 pg/ml]; p = 0.040) [11]. As discussed 
below, this may be explained by the fact that vitamin D 
receptor agonists (VDRAs) are frequently prescribed 
to control secondary hyperparathyroidism, and that 
sevelamer carbonate, but not sucroferric oxyhydroxide, 
may interfere with their action [33,34].

A further subgroup analysis revealed that treatment 
with sucroferric oxyhydroxide was well tolerated in 
patients with diabetes [32]. The proportion of patients 
experiencing TEAEs appeared to be slightly higher in 
diabetic (sucroferric oxyhydroxide, 92%; sevelamer 
carbonate, 94%) versus non-diabetic (sucroferric 
oxyhydroxide, 87%; sevelamer carbonate, 85%) 

Table 1. Treatment-emergent adverse events occurring in ≥5% of patients in either 
treatment group†.

Adverse event Sucroferric oxyhydroxide 
(n = 707), %

Sevelamer 
(n = 348), %

Any TEAE 83.2 76.1

Any severe TEAE 11.5 10.9

Any serious TEAE 18.2 19.8

Withdrawals due to TEAEs 15.7 6.6

Death 1.8 2.0

Any GI TEAE 45.1 33.6

Any GI TEAE, excluding isolated discolored feces 39.0 33.3

Diarrhea 20.1 7.5

Feces discolored 15.4 0.3

Hyperphosphatemia 11.2 7.8

Nausea 7.2 11.2

Hypertension 6.4 7.5

Vomiting 4.4 5.5

Constipation 3.8 7.2
†Stage 1; n = 1055. 
GI: Gastrointestinal; TEAE: Treatment-emergent adverse event. 
Data taken from [11]. 
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patients, with no meaningful differences between treat-
ment groups. There was also no clinically significant 
effect on serum glucose levels [32].

Safety data from the extension study largely affirmed 
that TEAEs emerged early during treatment [30]. The 
overall incidences of GI TEAEs during the extension 
study were 25.6% in the sucroferric oxyhydroxide arm 
and 19.1% in the sevelamer carbonate arm. In particu-
lar, the incidence of diarrhea in the sucroferric oxyhy-
droxide arm was 8.2% (vs 5.6% in the sevelamer car-
bonate arm) [30]. A post-hoc analysis of pooled safety 
data over 1 year confirmed that there was a significantly 
higher relative risk (RR) of mild and moderate diar-
rhea with sucroferric oxyhydroxide treatment compared 
with sevelamer carbonate treatment (p < 0.05), but that 
there was no significant difference in the RR of severe 
diarrhea between treatment groups (p = 0.221) [35]. 
Conversely, patients receiving sucroferric oxyhydroxide 
had significantly lower RRs for nausea, decreased appe-
tite and constipation compared with those receiving 
sevelamer carbonate (p < 0.05) [35].

A higher incidence of TEAEs leading to withdrawal 
was observed with sucroferric oxyhydroxide (sucroferric 
oxyhydroxide, 15.7%; sevelamer carbonate, 6.6%) dur-
ing the initial 24 weeks [11] and over the entire 1-year 
treatment period (sucroferric oxyhydroxide, 20.9%; 
sevelamer carbonate, 10.3%) [30]. Withdrawals due 
to TEAEs predominantly occurred during the first 
24 weeks of treatment. Moreover, GI events (e.g., diar-
rhea, nausea, constipation, and vomiting) accounted for 
large proportions of the TEAEs leading to withdrawal 
in both sucroferric oxyhydroxide and sevelamer groups 
(54.0 and 43.5%, respectively) [11]. As mentioned above, 
over a third of the patients enrolled in the Phase III 
study were previously being treated with sevelamer that 
may have impacted reporting of TEAEs.

Vitamin D metabolism
A possible undesirable effect of phosphate binders is 
the adsorption or degradation of nutrients, necessitat-
ing supplementation of these dietary components [36]. 
For example, sevelamer HCl adsorbs copper and zinc 
ions and a number of vitamins [37]. Therefore, in addi-
tion to having high efficacy, a low pill burden, and low 
risk of side effects, a phosphate binder should also have 
minimal interaction with other dietary nutrients.

Study data indicate that sucroferric oxyhydroxide 
does not have a clinically relevant impact on vitamin D 
metabolism. Levels of the biologically active form of 
vitamin D, 1,25-dihydroxyvitamin D (1,25[OH]2D) 
and its prehormone, 25-hydroxyvitamin D (25[OH]
D), were assessed in subgroup analyses of the initial 
Phase III study and its 28-week extension [38,39]. In 
patients who had received at least one dose of study 

medication in the initial study (n = 1055), apparent 
increases in levels of 1,25(OH)D were observed from 
baseline to week 24 in both the sucroferric oxyhydrox-
ide (3.05 pmol/l; 1.27 pg/ml) and sevelamer carbonate 
(0.86 pmol/l; 0.36 pg/ml) groups [38]. Conversely, lev-
els of 25(OH)D appeared to decrease from baseline to 
week 24 in the sucroferric oxyhydroxide (-8.69 nmol/l; 
-3.48 ng/ml) and sevelamer carbonate (-12.15 nmol/l; 
-4.86 ng/ml) groups, which may have been a seasonally 
dependent effect [38]. Among patients completing 1 year 
of treatment (n = 549), significant increases in mean 
levels of 1,25(OH)D were observed across both treat-
ment groups (sucroferric oxyhydroxide: 8.08 pmol/l; 
3.37 pg/ml [p = 0.0006]; sevelamer carbonate: 
5.00 pmol/l; 2.08 pg/ml [p = 0.0112]) [39]. There were 
no significant changes from baseline in mean levels of 
vitamin 25(OH)D [39].

A post-hoc analysis of Phase III data was also con-
ducted to evaluate potential effects of sucroferric oxy-
hydroxide on oral VDRAs at 1 year of treatment, using 
serum iPTH concentrations as a surrogate marker 
(n = 525) [40]. In patients with CKD, VDRAs are an 
important means of controlling secondary hyperpara-
thyroidism [33]. As expected, in patients taking no 
VDRAs, mean levels of iPTH increased in both the 
sucroferric oxyhydroxide (5.7 pmol/l; 51.8 pg/ml) and 
sevelamer carbonate (6.2 pmol/l; 56.4 pg/ml) groups. 
However, in patients taking oral VDRAs, there was a 
decrease in iPTH levels in the sucroferric oxyhydroxide 
group (-2.7 pmol/l; -24.5 pg/ml), indicating no interac-
tion between VDRAs and sucroferric oxyhydroxide. By 
contrast, an increase in iPTH levels was observed in the 
sevelamer carbonate group (9.5 pmol/l; 86.4 pg/ml), 
consistent with a known interaction between sevelamer 
carbonate and oral calcitriol [34]. This difference 
between treatment groups was statistically significant 
(p = 0.023) [40].

Iron-related parameters
A further key requirement of an ideal phosphate binder 
is that it exhibits minimal systemic absorption. In this 
context, iron-related parameters have been extensively 
studied in clinical studies of sucroferric oxyhydroxide, 
and data suggest that there is minimal iron absorption 
and no iron accumulation in dialysis patients [11,27]. 
In the initial Phase III study, increases in some iron-
related parameters were observed, for example, median 
serum ferritin concentrations increased in both treat-
ment groups, whereas increases in transferrin saturation 
(TSAT) were only seen with sucroferric oxyhydroxide 
[11]. There were no significant changes in hemoglobin 
parameters [11]. Increases in iron-related parameters 
observed in the sucroferric oxyhydroxide group occurred 
early and plateaued with continuing treatment, indicat-
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ing no accumulation of iron. There is also evidence that 
the observed changes in iron parameters were driven by 
concomitant use of intravenous iron products [41].

The impact of another iron-based phosphate binder, 
ferric citrate, on iron indices has been investigated. In a 
Phase II study (n = 55), administration of ferric citrate 
4.5−11.25 g/day over 4 weeks to dialysis patients was 
associated with significant increases in iron, ferritin and 
TSAT serum levels from baseline (p < 0.05), which the 
authors linked to iron absorption [42]. A subsequent 
Phase III study (n = 90) also showed that significant 
increases in iron, ferritin and TSAT serum levels from 
baseline (p ≤ 0.01) occurred following administration 
of ferric citrate 1.5−6.0 g/day for 12 weeks to non-
dialysis patients with CKD. As a result, the iron sta-
tus of patients administered this compound should be 
regularly assessed [12].

Conclusion 
Clinical studies have shown that sucroferric oxyhydrox-
ide is potent, being at least as effective in lowering serum 
phosphorus levels as sevelamer carbonate. The same 
studies showed that equivalent efficacy was attained by 
sucroferric oxyhydroxide with a pill burden almost a 
third lower than that required with sevelamer carbonate. 
This lower pill burden may result in increased patient 
compliance and, thus, ultimately better phosphate con-
trol. Sucroferric oxyhydroxide was generally well toler-
ated and demonstrated a robust safety profile. It was 
associated with discolored feces, as can be expected for 
an oral iron-based compound, and an increased fre-
quency of mild diarrhea at the start of treatment, which 
was self-limiting. Further safety analysis showed that 
sucroferric oxyhydroxide administration led to minimal 
iron absorption without risk for iron overload or iron 
accumulation. Therefore, the use of sucroferric oxyhy-
droxide as a treatment to control serum phosphorous 
concentrations does not necessitate any additional mon-
itoring of iron stores or iron-related parameters. The 
results obtained from clinical studies investigating this 
new phosphate binder will need corroborating with data 
derived from observations and evaluations conducted in 
the ‘real-life’ clinical practice setting. In summary, the 
recently approved iron-based phosphate binder sucrofer-
ric oxyhydroxide is a valuable new option for the treat-
ment of hyperphosphatemia in CKD patients requiring 
hemodialysis or peritoneal dialysis.

Future perspective
Over the past decade, observational and in vitro 
cell culture studies linked hyperphosphatemia with 
cardiovascular morbidity and mortality in patients with 
CKD undergoing dialysis [43–46]. This link was demon-
strated with a 42% mortality reduction in association 

with phosphate binder therapy in the well-known 
ArMORR study in incident dialysis patients (n = 8610) 
[8]. Recent studies aim toward measurement of alternate 
biomarkers, such as FGF-23 [47], and its relationship 
to hyperphosphatemia, as well as the use of phosphate 
binder therapy in the stage 3 and 4 CKD population 
[48–50]. Some of these studies have demonstrated that 
treatment with non-calcium-based phosphate binders, 
such as lanthanum carbonate, is associated with reduc-
tions of serum FGF-23 [48], and similar results have been 
observed with sucroferric oxyhydroxide [51]. Analysis 
of the initial Phase III study and its 28-week extension 
showed that over 1 year, baseline FGF-23 concentra-
tions decreased in both the sucroferric oxyhydroxide and 
sevelamer carbonate treatment groups [51]. As a better 
understanding of the underlying physiologic mecha-
nisms between hyperphosphatemia and vascular miner-
alization emerges, it is important for clinicians to adapt 
multiple elements of the therapeutic approach to con-
trolling phosphorus levels including dietary phosphate 
restriction, intensified hemodialysis, and the use of novel 
phosphate binders.

Dietary phosphate restriction appears to be a practical 
adjunct to phosphate binders and a recent prospective 
study, by Sullivan et al., found that reduction in phos-
phate additives in an incident dialysis population led to 
a significant reduction in phosphorus levels (-0.6 mg/dl 
after 3 months versus placebo) [52]. However, the appli-
cation of dietary restriction of phosphate is difficult due 
to lack of patient compliance, the inability to regulate 
and label foods properly, and the risk of malnutrition. 
Phosphorus containing additives are increasingly being 
used in processed and fast foods in order to maintain 
color, moisture, and flavor. Therefore, individual phos-
phate consumption in the USA is rising [53] and it is 
hoped that the FDA will mandate labeling of phosphate 
content. Better educating both patients and their phy-
sicians of dietary exposure to inorganic phosphate may 
lead to limiting phosphate intake and possibly ultimately 
reduce the overall use of these additives by food-makers.

In addition to decreasing phosphate exposure, the use 
of more effective regimens of dialysis should be expanded. 
Increasing both the frequency and/or duration of hemo-
dialysis sessions has been shown to enhance phospho-
rus clearance. Preliminary data have demonstrated that 
extended nocturnal hemodialysis on 5–6 days weekly 
results in a decrease in serum phosphorus of up to 
1.24 mg/dl in comparison to conventional hemodialysis 
[54]; however, the issues of cost and availability have thus 
far made this a difficult option.

The evolution of phosphate binders has led to a num-
ber of studies comparing calcium and non-calcium-based 
phosphate binders, including sevelamer, lanthanum, and 
magnesium-based compounds. The RIND study [55] on 
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hemodialysis patients, as well as a recent, randomized 
study on non-dialysis patients (CKD Stage 3–4), dem-
onstrated reduced all-cause mortality with sevelamer. 
However, none of the available phosphate binders are 
ideal because, as stated above, they are associated with 
large pill burden, have variable GI absorption and toler-
ance, and have possible side effects of increased cardio-
vascular risk and hepatotoxicity. Thus, a new generation 
of phosphate binders, including colestilan, niacin/nico-
tinamide, and iron-based compounds are a welcomed 
addition to our current armamentarium. Colestilan 
is a well-known drug for the treatment of hyperlipid-
emia and has a similar mechanism of anion exchange 
as sevelamer, and has received regulatory approval for 
the treatment of hyperphosphatemia. Another medica-
tion, nicotinamide, which is an inhibitor of the intes-
tinal sodium-phosphate cotransporter-2b (NaPi-2b), 
has also shown encouraging results for lowering serum 
phosphorus, when used alone or as an add-on to estab-
lished phosphate binder therapy [56–58]. The potential of 
salivary phosphate secretion as a marker of hyperphos-
phatemia [6,59], and the use of salivary phosphate binders 
as a means of reducing serum phosphorus concentration 
in CKD patients [7], have been proposed. Preliminary 
studies with chitosan-loaded chewing gum initially 

showed reductions in serum phosphorus concentrations 
[60,61]; however, subsequent controlled studies have yet 
to affirm its effectiveness [62–64]. Finally, iron-based 
phosphate binders such as sucroferric oxyhydroxide and 
ferric citrate are potential new alternatives for treating 
hyperphosphatemia. Both sucroferric oxyhydroxide and 
ferric citrate have been approved for the control of serum 
phosphorus concentrations in dialysis patients. Sucrofer-
ric oxyhydroxide, in addition to being effective and gen-
erally well tolerated, has also been shown to have a low 
pill burden compared with ferric citrate. Clearly, future 
studies are required to determine if these therapies are 
able to reduce cardiovascular morbidity and mortal-
ity, in addition to controlling hyperphosphatemia, in 
patients with CKD and those undergoing dialysis.
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Executive summary

•	 The use of oral phosphate binders in Stage 4 and 5 chronic kidney disease is a mainstay of therapy for 
hyperphosphatemia, and is associated with a significant reduction in mortality. The properties of an ideal 
phosphate binder include a high phosphate-binding capacity in the gastrointestinal tract, low pill burden, and 
a good safety profile.

•	 Sucroferric oxyhydroxide (Velphoro®) is a novel, iron-based phosphate binder approved for the control of 
serum phosphorus levels in chronic kidney disease patients receiving dialysis.

•	 In a Phase II clinical trial, the efficacy of sucroferric oxyhydroxide was examined and the primary end point of 
the study was met, with a significant decrease in serum phosphorus concentrations observed in four active 
dosing groups.

•	 In a Phase III program, a two-stage, randomized, international, multicenter, open-label study compared 
sucroferric oxyhydroxide to sevelamer carbonate in the management of hyperphosphatemia in patients 
undergoing hemodialysis or peritoneal dialysis. In both treatment groups, rapid reductions in mean serum 
phosphorus were observed and maintained at the week 24 end point, with the non-inferiority of sucroferric 
oxyhydroxide to sevelamer carbonate demonstrated with a 97.5% confidence interval. In addition, an 
extension study enrolling 659 patients demonstrated that serum phosphorus control was maintained with 
both sucroferric oxyhydroxide and sevelamer carbonate following 1 year of treatment.

•	 One advantage of sucroferric oxyhydroxide is its association with a low pill burden in comparison to sevelamer 
carbonate in Phase III clinical trials (mean 3.1 vs 8.1 pills/day), allowing for better adherence.

•	 With regard to safety and tolerability, adverse events reported more frequently in a Phase III clinical trial with 
sucroferric oxyhydroxide, included diarrhea, discolored stools, and hyperphosphatemia. However, incidences 
of severe and serious treatment-emergent adverse events were similar between the sucroferric oxyhydroxide 
and sevelamer carbonate groups. Finally, a subgroup analysis revealed that treatment with sucroferric 
oxyhydroxide was generally well tolerated among both hemodialysis and peritoneal dialysis patients.

•	 In conclusion, clinical studies have shown that sucroferric oxyhydroxide is at least as effective in lowering 
serum phosphorus levels as the established phosphate binder, sevelamer carbonate, but with a lower pill 
burden and similar safety profile. Further clinical studies with the use of iron-based phosphate binders will be 
necessary to continue to explore this valuable treatment option for the treatment of hyperphosphatemia in 
patients with advanced chronic kidney disease.
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