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ABSTRACT

Background. Calcification propensity is associated with the risk for cardiovascular events and death in end-stage renal
disease patients. Here we investigated the effect of lowering serum phosphate with oral phosphate binder therapy on
calcification propensity.

Methods. We performed an open-label, randomized, controlled, crossover study in chronic haemodialysis patients with
hyperphosphataemia. Patients (n¼39) were randomized in a 1:1 ratio to either low-dose (250 mg/day) sucroferric
oxyhydroxide (SO) followed by high-dose (2000 mg/day) SO or vice versa, with washout phases before and after SO
treatment. The primary endpoint was changed in calcification propensity as measured by calciprotein particle formation
time (T50 test) between washout and high-dose SO treatment in patients with �85% adherence to the prescribed SO dose
(per-protocol analysis).

Results. In the primary per-protocol analysis (n¼28), 2000 mg/day SO treatment resulted in a mean increase in T50 of 66 min
(95% CI 49–84 min, P<0.0001), from 243 6 63 to 309 6 74 min compared with phosphate binder washout. Serum phosphate
decreased from 2.28 6 0.5 to 1.63 6 0.43 mmol/L (P<0.0001). SO at 250 mg/day did not influence T50 (P¼0.4) or serum
phosphate concentrations (P¼0.9) compared with phosphate binder washout. The secondary intention-to-treat analysis
(n¼39) showed similar results: an increase in T50 of 52 min (95% CI 31–74 min, P<0.0001) and a decrease in serum
phosphate from 2.18 6 0.5 to 1.64 6 0.46 mmol/L. No major adverse cardiovascular event, case of calciphylaxis or death
occurred during the study.

Conclusion. Phosphate binder treatment with SO improves serum calcification propensity of haemodialysis patients and
might lead to improved outcomes.
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INTRODUCTION

Disturbances in mineral and bone metabolism, which are
summarized as chronic kidney disease–mineral and bone
disorder (CKD-MBD) syndrome [1], are a major contributor of
cardiovascular morbidity and mortality in CKD and espe-
cially dialysis patients [2]. In CKD-MBD, an imbalance of pro-
moters and inhibitors of calciprotein crystal formation is
thought to cause vascular damage, ultimately leading to vas-
cular calcification [3]. Numerous promoters (e.g. phosphate
and calcium [4–8]) and inhibitors (e.g. magnesium [9, 10], bi-
carbonate [11] and fetuin-A [12]) of calcification have been
associated with mortality in dialysis patients. Despite wide-
spread clinical use, there is still a paucity of data demon-
strating the benefits of phosphate binder therapy on
lowering cardiovascular risk.

The so-called T50-test integrates the complex biological in-
terplay of promoters and inhibitors of calciprotein particle (CPP)
formation in blood into a single readout. In brief, patient serum
is supersaturated with calcium and phosphate, which triggers
the transition from primary to secondary CPPs within hours un-
der appropriate conditions in vitro [13]. The T50-test determines
the time needed for half-maximum transition from primary to
secondary CPPs, lending this assay its popular name. Short T50

times, indicating a low resistance of blood to the formation of
crystalline secondary CPPs, have been repeatedly associated
with an increased risk for cardiovascular events and mortality
in large cohort studies in patients with CKD [14, 15], kidney
transplant recipients [16–18] and dialysis patients [19]. Serum
phosphate has been consistently shown to independently and
inversely correlate with T50 in multivariable analyses in vitro [13]
and in different patient cohorts [14, 17, 19–21]. The aim of this
study was to investigate the effect of phosphate binder therapy
using sucroferric oxyhydroxide (SO) on the propensity of serum
for calcification as measured by the T50-test. We hypothesized
that phosphate binder treatment with SO would increase T50.

MATERIALS AND METHODS
Participants

The main criteria for study inclusion were age �18 years,
chronic (�3 months) treatment with haemodialysis or haemo-
diafiltration thrice weekly and hyperphosphataemia with or
without current phosphate binder use. The main exclusion cri-
teria were a history of calciphylaxis (calcific uraemic arteriolop-
athy), intact parathyroid hormone (iPTH) >800 pg/mL,
parathyroidectomy planned or expected, significant gastroin-
testinal or hepatic disorders and pregnancy.

This study was approved by the Ethics Committee of Upper
Austria (Study ID: A-VIII-16) and conducted according to regula-
tions of the International Conference on Harmonization on
Good Clinical Practice and the Declaration of Helsinki on Ethical
Principles for Medical Research Involving Human Subjects.
Patients were enrolled in this study after providing oral and
written informed consent. This study was registered before ini-
tiation at the European Union clinical trials register (EudraCT
2016-004789-24) and ClinicalTrials.gov (NCT03010072).

Study design and intervention

This randomized, single-centre, open-label, controlled, cross-
over, proof-of-principle study was conducted at the dialysis fa-
cility of the Ordensklinikum Linz Elisabethinen Hospital from
2017 to 2018. An independent statistician generated a randomi-
zation list using permuted block randomization in SAS (SAS
Institute, Cary, NC, USA) and prepared opaque, sealed and con-
secutively numbered envelopes containing the respective allo-
cation. Block sizes of four and six in alternating sequence were
used, starting with a block of four patients. Patients were ran-
domized in a 1:1 ratio to either receive low-dose (250 mg/day as
one 250 mg tablet) SO followed by high-dose (2000 mg/day as
four 500 mg tablets) SO (sequence A–B) or to receive high-dose
SO followed by low-dose SO (sequence B–A) with washout
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phases (no phosphate binder therapy at all) before and after ev-
ery SO phase. A schematic overview of the study sequences is
shown in Supplementary data, Figure S1. Each study phase
lasted 2 weeks and two consecutive study visits were performed
in the second week of each study phase during the second and
third dialysis sessions of the week. An open-label design with a
subtherapeutic dose of SO as a control treatment was chosen
because creating a convincing placebo for SO is not feasible due
to black discolouration of faeces during treatment as a conse-
quence of the iron content of SO. The dose of 250 mg/day of SO
was chosen as a control because it had no significant effect on
serum phosphate levels in adult dialysis patients in previous
studies [22, 23], allowing for comparison of a highly effective
phosphate binder therapy (SO 2000 mg/day) and ineffective
phosphate binder dosing (SO 250 mg/day) on T50. The dose of
2000 mg/day of SO was chosen because the mean dose neces-
sary to achieve adequate serum phosphate control in a previous
Phase III study in dialysis patients was 3.6 tablets/day [each tab-
let containing 500 mg of SO, which is the US Food and Drug
Administration (FDA) and European Medicines Agency (EMA)
approved dose per tablet], equaling 1800 mg/day [23].
Concomitant medications, especially vitamin D and calcimi-
metics, as well as the composition of the dialysis bath, were
held constant throughout the study as far as clinically justifi-
able as determined by the attending physicians.

Participant safety and rescue treatment

For adverse events (AEs) that were probably linked to SO
treatment, a dose reduction algorithm was pre-specified in the
study protocol. In case of patient-reported nausea, vomiting
or diarrhoea, which appeared to be intolerable as judged by the
patient, the SO dose was reduced from 250 mg/day to nil in the
low-dose phase and from 2000 to 1500 mg/day in the high-dose
phase and patients were allowed to continue study participation
and were also included in the per-protocol population for
statistical analysis. Patients who experienced further gastrointes-
tinal AEs on 1500 mg of SO per day were excluded from further
participation in the study and from the per-protocol analysis but
were included in the intention-to-treat analysis (ITT). Adherence
to study medication was defined as intake of �85% of prescribed
pills in the SO high-dose phase as determined by pill counting. In
case serum phosphate was >2.6 mmol/L in two consecutive
measurements, rescue treatment consisting of sevelamer
carbonate 1600 mg/day was initiated and titrated up to 3200 mg/
day if necessary to achieve serum phosphate levels <2.6 mmol/L.
Sevelamer rescue was then discontinued at the beginning of
each subsequent study phase. Patients were excluded from fur-
ther participation in the study if a serum phosphate level
<2.6 mmol/L could not be achieved despite sevelamer rescue of
3200 mg/day due to suspicion of poor compliance.

Laboratory measurements

Blood was collected in separating gel tubes (BD Vacutainer,
Becton Dickinson, Plymouth, UK) for serum and K3EDTA tubes
(Vacuette, Greiner BioOne, Kremsmünster, Austria) for plasma.
Samples were centrifuged at 1280 rcf for 15 min at room temper-
ature and aliquots were transferred directly to �80�C for stor-
age. T50 was measured in serum as described previously [19] at
Calciscon, Nidau, Switzerland, without knowledge of randomi-
zation group or study phase. Routine blood tests were per-
formed in the central laboratory facility of the Ordensklinikum
Linz Elisabethinen Hospital using Cobas analyzer systems

(Roche Diagnostics, Rotkreuz, Switzerland). Intact PTH was
measured using the Elecsys PTH(1–84) assay on a Cobas system
(Roche). Intact fibroblast growth factor 23 (iFGF23) was mea-
sured in ethylenediaminetetraacetic acid plasma samples using
the Diasorin iFGF23 chemiluminescent immunoassay on a fully
automated Liasion XL platform (DiaSorin, Saluggia, Italy).

Definition of study endpoints

The primary study endpoint was changed in T50 between wash-
out and high-dose (2000 mg/day) SO treatment. The means of all
laboratory parameters including T50 were calculated from both
study visits during a given study phase to decrease intra-
individual variation, which may result from day-to-day changes
in diet in this outpatient setting. The secondary study endpoint
was changed in serum phosphate between washout and high-
dose (2000 mg/day) SO treatment.

Sample size calculation

As changes in T50 in response to phosphate binder treatment in
dialysis patients were unknown until this study, sample size
calculation was based on estimations from previous studies [13,
14, 19–21] and the following assumptions: T50 in the washout
phase was expected to be 220 min, T50 in the SO treatment
phase was estimated to be 270 min, the standard deviation (SD)
of differences in T50 between the washout and treatment
phases was estimated to be 80 min and the dropout rate was
expected to be 15%. Thus a target population of 34 patients (29
patients completing the study per-protocol) will have a 90%
power to detect a difference in means of T50 minutes in the pri-
mary endpoint in a per-protocol analysis. The sample size cal-
culation is based on a paired t-test with a 0.05 two-sided
significance level and was performed using nQuery Advisor
software (Statistical Solutions, Cork, Ireland).

Statistical analyses

The characteristics of patients at study baseline were described
by mean and SD, median and interquartile range (IQR) or fre-
quency and percentage for normally distributed variables, non-
normally distributed variables and categorical variables,
respectively.

The primary endpoint, change in T50 between washout and
SO high-dose, was investigated per-protocol (pre-specified pri-
mary analysis, including only patients adhering to study medi-
cation) and ITT (pre-specified secondary analysis) applying the
most conservative assumption of no treatment effect by insert-
ing T50 values during washout (pretreatment phase value car-
ried forward) in case of missing values. P-values <0.05 were
considered statistically significant. The per-protocol approach
for the primary analysis was chosen because this is a proof-of-
principle study investigating the pharmacodynamic effects of
SO on T50. The ITT approach was chosen only as a secondary
analysis since it is based on the initial treatment assignment
and not on the treatment actually received. ITT analysis ignores
non-compliance, protocol deviations, withdrawal and anything
that happens after randomization [24] and therefore is not the
first choice for the analysis of proof-of-principle studies.

A linear mixed model was used to investigate the change in
mean T50 between SO low-dose and SO high-dose corrected for
the preceding washout phase as a dependent variable, treat-
ment group and treatment period as fixed effects and the pa-
tient as a random effect in the model. A carry-over effect was
assessed by testing the interaction of period and treatment
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group for statistical significance. In this study, no carry-over ef-
fect was detected (P¼ 0.3). Thus the interaction term for the
carry-over effect was not kept in the model. Changes in T50 are
reported as means and 95% confidence intervals (CIs). Data for
serum phosphate (pre-specified secondary outcome parameter)
were analysed the same way as T50. Results for other parame-
ters are shown in a descriptive manner to avoid type I errors
due to multiple testing.

Figures were prepared using GraphPad Prism version 8.3
(GraphPad Software, San Diego, CA, USA). Because no carry-over
effect was detected, data from both study sequences were
merged for statistical analysis and to allow for graphical illus-
tration of study results in one figure per parameter
(Supplementary data, Figure S1). Data sharing as defined by the
Recommendations for the Conduct, Reporting, Editing, and
Publication of Scholarly Work in Medical Journals, updated in
2019, of the International Committee of Medical Journal Editors
is not intended. M.C.H. was the leading statistician for this

study and confirms that the analyses are reliable and vouches
for the reliability of the findings.

RESULTS
Patients and intervention

Of 260 screened patients, 39 were randomized (ITT population)
and 28 completed the study as defined by the study protocol
(per-protocol population). A patient flow chart is given in
Figure 1. The numbers of patients not fulfilling the inclusion/ex-
clusion criteria, who were deemed to be unfit to participate in
the study (e.g. mental disease, language barriers and low life ex-
pectancy), who declined to participate and who dropped out or
did not adhere to the study protocol were all higher than antici-
pated. Therefore the study was closed due to feasibility reasons
after 39 randomized patients, resulting in a per-protocol popu-
lation of 28 instead of the intended 29 individuals. Patient

CONSORT 2010 flow diagram

Allocation

Analysis

Enrollment

Assessed for eligibility
(n= 260)

Randomized
(n=39)

Excluded (n=221):
• Not meeting inclusion/exclusion
  criteria or medical reasons (n=92)
• Declined to participate (n= 43)
• History of poor adherence to
  prescribed medication (n=86)

Follow-up

Allocated to intervention (n=39)
• Received at least 1 dose of study

  medication (n=37)
• Did not receive at least 1 dose of

  study medication (n= 2)
  (1 kidney transplantation,

  1 hospitalisation)

Lost to follow-up (n=0)

Failed to adhere to study medication
according to protocol (n=9) because of:

• Diarrhea (n=2)
• Diarrhea and vomiting (n=1)

• Percentage of prescribed pills
  actually taken below 85% (n=6)

Analysed:
• Primary analysis

  (per protocol) (n=28)
• Secondary analysis

  (intention to treat) (n=39)

FIGURE 1: Participant flow diagram according to Consolidated Standards of Reporting Trials recommendations.
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baseline characteristics are presented in Table 1. Of the 28
patients representing the per-protocol population, 5 patients re-
quired dose reductions of SO in the high-dose phase from 2000

to 1500 mg/day, resulting in a mean prescribed SO dose of
1911 mg/day during the high-dose phase for the per-protocol co-
hort. Sevelamer rescue due to serum phosphate levels repeat-
edly measuring >2.6 mmol/L was taken by six patients at some
point in time during the study in the per-protocol population.

T50 and serum phosphate

In the primary analysis (per-protocol population, n¼ 28), high-dose
SO treatment (2000 mg/day, consisting of four 500 mg tablets)
resulted in a mean increase in T50 (primary endpoint) of 66 min
(95% CI 49–84 min, P< 0.0001), from 2436 63 to 3096 74 min com-
pared with phosphate binder washout (Figure 2A). Simultaneously,
serum phosphate decreased from 2.286 0.5 to 1.636 0.43 mmol/L
(P< 0.0001; Figure 2B). Interestingly, we observed considerable
interindividual variability with regard to changes in T50 between
patients with comparable magnitudes of phosphate lowering
(Supplementary data, Figure S2).

SO at 250 mg/day did not influence T50 times (P¼ 0.4) or
serum phosphate values (P¼ 0.9) compared with phosphate
binder washout. In the linear mixed model analysis investigat-
ing the change in mean T50 between SO low-dose (control)
and SO high-dose corrected for the preceding washout phase,
an increase of 76 min (95% CI 49–103) for SO high-dose com-
pared with SO low-dose was found.

Six patients had missing values (in two of them T50 values
in both study phases were missing and in four only the last
study phase was missing), which were replaced by inserting T50

values of the preceding washout phase for ITT analysis to avoid
a risk of bias from overestimation of treatment effects. In the
ITT analysis (all randomized patients, n¼ 39), treatment with
high-dose (2000 mg/day) SO resulted in a mean increase in T50

times of 52 min (95% CI 31–74, P< 0.0001), while serum phos-
phate decreased from 2.18 6 0.5 to 1.64 6 0.46 mmol/L compared
with washout. Again, no significant differences between wash-
out and SO low-dose were found for changes in T50 (P¼ 0.4).

Other laboratory parameters

Results of other laboratory parameters of the per-protocol-
population (n¼ 28) are presented in Table 2. When comparing

Table 1. Baseline demographic data of patients (n¼39)

Age (years), mean 6 SD 63 6 27
Sex (male), n (%) 29 (74.3)
Primary renal disease, n (%)

Diabetes 6 (15.4)
Hypertensive/vascular 13 (33.3)
ADPKD 8 (20.5)
Glomerulonephritis 9 (23.1)
Other 3 (7.7)

Dialysis vintage (months), median (IQR) 24 (16–36)
Previous kidney transplants, n (%)

None 35 (89.7)
1 2 (5.1)
2 1 (2.6)
3 1 (2.6)

Vascular access, n (%)
AV fistula 34 (87.2)
Catheter 5 (12.8)

Baseline laboratory parameters
Calcium ionized (mmo/L) 1.09 6 0.06
Calcium, albumin corrected (mmol/L) 2.22 6 0.15
Phosphate (mmol/L) 1.77 6 0.53
Bicarbonate (mmol/L) 22.9 6 2.3
Magnesium (mmol/L) 1.03 6 0.14
iPTH (pg/dL), median (IQR) 309 (167–425)
iFGF23 (pg/mL), median (IQR) 4035 (1523–9273)

Hypertension, n (%) 29 (74.4)
Diabetes mellitus, n (%) 12 (30.8)
Coronary artery disease, n (%) 18 (46.2)
History of myocardial infarction, n (%) 4 (10.3)
History of congestive heart failure, n (%) 19 (48.7)
Atrial fibrillation, n (%) 12 (30.8)
Peripheral occlusive vascular disease or am-

putation, n (%)
16 (41.0)

Cerebrovascular disease, TIA or stroke, n (%) 15 (38.5)
Cigarette smoking, n (%) 9 (23.1)
Dialysate composition, n (%)

Calcium (mmol/L)
1.25 37 (94.9)
1.5 0
1.75 2 (5.1)

Bicarbonate (mmol/L)
32 36 (92.3)
35 3 (7.7)

Magnesium (mmol/L)
0.5 39 (100)

Dialysis modality, n (%)
HD 12 (30.8)
HDF 27 (69.2)

Medication, n (%)
Phosphate binders

Sevelamer carbonate 29 (74.3)
Calcium-containing 0
Other 8 (20.5)

Vitamin K antagonists 7 (17.9)
Active vitamin D 25 (64.1)

Cinacalcet 14 (35.9)
Etelcalcetide 2 (5.1)
Statin 4 (10.3)
Antihypertensives 37 (94.8)
Erythropoiesis-stimulating agent 23 (58.9)

ADPKD: autosomal dominant polycystic kidney disease; AV: arteriovenous; TIA:

transitory ischaemic attack; HD: haemodialysis; HDF: haemodiafiltration.
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preceding washout phase.

D: mean change between washout and SO 2000 mg/day.
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washout to SO 2000 mg/day, ionized calcium (1.07 6 0.08
to 1.11 6 0.067 mmol/L), albumin (3.9 6 0.27 to 4.0 6 0.28 g/dL),
magnesium (1.01 6 0.12 to 1.05 6 0.02 mmol/L) and bicarbonate
(22.6 6 2.28 to 23.4 6 2.24 mmol/L) increased, while iPTH [median
319 (IQR 194–419) pg/mL] to 244 [IQR 141–348]g and iFGF-23 [me-
dian 4217 (IQR 2149–11 989) pg/mL to 2462 (1082–4612)] de-
creased. Differences in these parameters between washout and
SO 250 mg/day tended to be in the same direction, but to a lesser
extent (data not shown).

Adverse events

At least one AE was reported by 30 of 39 patients. All patients
reported discolouration of faeces during the SO study phases,
which is suggestive of actual SO intake. The most common AE
probably linked to SO therapy were gastrointestinal side effects
such as loose stools/diarrhoea (n¼ 16), which either resolved
spontaneously over a few days or responded to a dose reduction
of SO. Three patients discontinued SO treatment in the
2000 mg/day phase because of diarrhoea (of which one patient
reported diarrhoea and vomiting) after a median of 2 days on
treatment. Three patients reported nausea and one patient
reported vomiting during the 2000 mg/day SO phase. Seven
patients reported nausea and four patients reported vomiting
during the washout phases. No allergic reactions to SO or cases
of acute liver injury were observed. No major adverse cardiovas-
cular events, cases of calciphylaxis or death occurred during the
study.

DISCUSSION

This study reports the effects of phosphate binder therapy on
calcification propensity (T50) in chronic haemodialysis patients.
The main finding is that phosphate binder therapy using
2000 mg/day SO significantly increased (i.e. improved) T50.
Furthermore, control treatment with SO at 250 mg/day does not
influence serum phosphate levels and T50. These results indi-
cate that lowering serum phosphate is the major contributor to
changes in T50 elicited by SO therapy. Based on the findings
presented here, lowering of serum phosphate by 0.1 mmol/L
leads to increases in T50 of �10 min. Of note, other parameters
known to associate with T50 in vitro or in patients in vivo, such as
ionized calcium, albumin, magnesium and bicarbonate, slightly
increased with SO 2000 mg/day treatment. For instance,
serum magnesium was slightly higher (�0.04 mmol/L) during
SO 2000 mg/day treatment compared with the washout, which
may be explained by reduced absorption of dietary magnesium
due to complexation with dietary phosphate in the absence of
phosphate binder treatment. As magnesium has been shown to
increase T50 in vitro [13] and in clinical trials [25, 26], this subtle

increase may have contributed to the increase in T50 found with
SO 2000 mg/day. It is thus possible that increases in T50 found
with SO 2000 mg/day treatment might be partly attributable to
changes in other laboratory parameters besides serum phos-
phate, but the magnitude of this contribution is probably small
and difficult to quantify.

We found that T50 responded swiftly to SO treatment and
phosphate binder washout, demonstrating that T50 values can
be modulated in short periods of time and that changes in T50 in
response to changes in serum phosphate are reversible.

So far, the largest body of evidence reporting on associations
between T50 and morbidity and mortality of haemodialysis
patients comes from a post hoc analysis of the Evaluation of
Cinacalcet Hydrochloride Therapy to Lower Cardiovascular
Events (EVOLVE) trial, where a statistically significant increase
in the hazard ratio for the primary composite outcome (all-
cause mortality, myocardial infarction, hospitalization for un-
stable angina, heart failure or peripheral vascular event) of 1.15
per 84 min lower T50 after multivariable adjustment was found
[19]. Therefore increases in T50 of 66 min with SO 2000 mg/day
monotherapy reported here might approach a clinically rele-
vant range. Furthermore, as higher T50 has been associated with
better patient outcomes [19], one might speculate that phos-
phate binder therapy in combination with other interventions
aimed at further increasing T50, such as adding magnesium [26]
or citrate [27] to the dialysis bath, might lead to relevant
improvements in patient outcomes, especially in patients with
low T50 at baseline. However, whether a combination of thera-
pies aimed at increasing T50 values leads to improved patient
outcomes remains to be studied.

AEs of SO treatment were within the expected spectrum.
There seems to be some kind of adaptation of the intestinal
tract to the laxative effect of SO, because the gastrointestinal
side effects tended to resolve spontaneously within days in
patients who continued the full SO dose, which has also been
described before [23]. It might be appropriate to implement a
dose-escalation strategy instead of starting with the full target
dose in future studies with SO, to minimize gastrointestinal
side effects and reduce dropout numbers.

The major strength of this study is the controlled crossover
design with intermittent washout phases, allowing for investi-
gation of the effects of potent phosphate binder therapy com-
pared with no phosphate binder therapy (washout versus SO
2000 mg/day), effective versus non-effective (SO 2000 versus SO
250 mg/day) phosphate lowering and also the reversibility of
effects of phosphate binder therapy (SO 2000 mg/day versus
washout) on T50. A specific feature of the study is the vigorous
selection of patients adherent to oral study medication based
on their medical history of adherence, supervision of actual SO
intake (pill counting and surveying for black stools as signs of

Table 2. Changes in analyte concentrations compared with baseline

Parameter Baseline SO 250 mg/day SO 2000 mg/day
Mean 6 SD Change in mean (95% CI) Change in mean (95% CI)

Calcium ionized (mmol/L) 1.09 6 0.06 �0.07 (�0.16–0.02) 0.01 (�0.005–0.025)
Albumin (g/dL) 3.9 6 0.3 0.1 (0.0–0.1) �0.1 (�0.4–0.2)
Bicarbonate (mmol/L) 22.9 6 2.3 �1.2 (�3.1–0.7) 0.7 (0.1–1.3)
Magnesium (mmol/L) 1.03 6 0.14 �0.06 (�0.13–0.02) �0.01 (�0.04–0.02)
iPTH (pg/dL) 309 (167–425)a 23 (�38–58)b �24 (�36 to �9)b

iFGF23 (pg/mL) 4035 (1523–9273)a 652 (�22–2023)b �72 (�387–782)b

aMedian (IQR).
bChange in median (95% CI).
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SO intake throughout the entire study) and the per-protocol (in-
cluding only patients adherent to SO therapy) analysis of data.
This approach ensures a reasonable level of confidence that the
study drug was actually taken in the outpatient setting and data
can be interpreted appropriately in this proof-of-principle
study. However, this meticulous patient selection might also be
viewed as a weakness of this study: adherence of dialysis
patients to oral medication, and especially to phosphate binder
therapy, is generally low [28, 29]. Therefore the data presented
here are probably not generalizable to the entire dialysis popu-
lation but may be applicable mainly to patients with good ad-
herence as well as tolerance to SO. Furthermore, counting pills,
which are returned by the patient at the end of the study phases
in this outpatient setting, does not guarantee that the patient
actually took the medication, and self-reported discolouration
of stools does not necessarily mean the patient took every dose
of SO as prescribed. Thus a certain degree of uncertainty regard-
ing adherence to SO remains. Further limitations of this study
are the open-label design, which may have influenced the die-
tary habits of patients and thus influenced serum phosphate
levels in addition to SO treatment. Finally, effects of changes in
calcification propensity induced by SO on clinical cardiovascu-
lar disease could not be assessed due to the short duration of
the study.

In conclusion, we report that lowering serum phosphate
with SO 2000 mg/day significantly increases T50 in prevalent
haemodialysis patients.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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