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ABSTRACT

Background. The iron-based phosphate binder (PB), sucroferric oxyhydroxide (SFOH), is indicated to control serum
phosphorus levels in patients with chronic kidney disease on dialysis.

Methods. This non-interventional, prospective, multicentre, cohort study conducted in seven European countries evaluated
the safety and effectiveness of SFOH in dialysis patients with hyperphosphataemia in routine practice. Safety outcomes
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included adverse drug reactions (ADRs) and changes in iron-related parameters. SFOH effectiveness was evaluated by
changes-from-baseline (BL) in serum phosphorus and percentage of patients achieving in-target phosphorus levels.

Results. The safety analysis set included 1365 patients (mean observation: 420.3 6 239.3 days). Overall, 682 (50.0%) patients
discontinued the study. Mean SFOH dose during the observation period was 1172.7 6 539.9 mg (2.3 pills/day). Overall, 617
(45.2%) patients received concomitant PB(s) during SFOH treatment. ADRs and serious ADRs were observed for 531 (38.9%)
and 26 (1.9%) patients. Most frequent ADRs were diarrhoea (194 patients, 14.2%) and discoloured faeces (128 patients, 9.4%).
Diarrhoea generally occurred early during SFOH treatment and was mostly mild and transient. Small increases from BL in
serum ferritin were observed (ranging from þ12 to þ75mg/L). SFOH treatment was associated with serum phosphorus
reductions (6.3 6 1.6 mg/dL at BL versus 5.3 6 1.8 mg/dL at Month 30; DBL: �1.0 mg/dL, P<0.01). Percentage of patients
achieving serum phosphorus �4.5 mg/dL increased from 12.0% at BL to 34.8% at Month 30, while the percentage achieving
serum phosphorus �5.5 mg/dL increased from 29.9% to 63.0%.

Conclusions. SFOH has a favourable safety and tolerability profile in a real-world setting, consistent with results of the Phase
3 study. Moreover, SFOH improved serum phosphorus control with a low daily pill burden.

Keywords: chronic kidney disease, end-stage kidney disease, haemodialysis, phosphate binder, peritoneal dialysis

INTRODUCTION

Hyperphosphataemia is a frequent complication among
patients with advanced chronic kidney disease (CKD), especially
for those with end-stage renal disease [1]. In this population, el-
evated serum phosphorus is independently associated with in-
creased morbidity and mortality [2–5]. In addition to dietary
phosphate restriction and dialytic phosphate removal, most di-
alysis patients require treatment with oral phosphate binders
(PBs) for management of hyperphosphataemia [6]. However,
real-world data [7] show 41% of European haemodialysis (HD)
patients still have serum phosphorus levels above the range
recommended by the Kidney Disease Outcomes Quality
Initiative (KDOQI) guidelines (3.5–5.5 mg/dL) [8], while 70% have
serum phosphorus levels above normal, the target suggested by
the Kidney Disease: Improving Global Outcomes (KDIGO) guide-
lines [5]. A major reason for poor serum phosphorus control is
low adherence to PB therapy, which may occur as a conse-
quence of high pill burden [9, 10].

Sucroferric oxyhydroxide (SFOH, VelphoroVR ) is a potent [11],
iron-based PB with a low daily pill burden approved in the USA
[12] and Europe [13] for the control of serum phosphorus levels
in patients with CKD on dialysis. Pivotal clinical trials demon-
strated that SFOH was well tolerated with a favourable safety
profile, and was effective for reducing serum phosphorus [14–
16]. In the Phase 3 trial and its extension study, SFOH was non-
inferior to sevelamer carbonate for serum phosphorus reduc-
tion, but had a substantially lower daily pill burden (3.3 pills/
day versus 8.7 pills/day, respectively) over a 1-year treatment
period [14, 15]. The most common adverse events (AEs) ob-
served with SFOH were mild transient diarrhoea and stool
discolouration.

Because prospective interventional clinical trials of SFOH
were performed in specialized centres and enrolled selected di-
alysis patients, it is of major interest to evaluate daily SFOH use
outside the controlled trial setting. This non-interventional
post-authorization safety study [Velphoro Evaluation of Real-
lIfe saFety, effectIveness and adherencE (VERIFIE)] was con-
ducted to obtain real-world data relating to the longer term
(>1 year) safety and effectiveness of SFOH for the treatment of
hyperphosphataemia in a large population of patients undergo-
ing HD or peritoneal dialysis (PD) in routine clinical practice.
Specific safety objectives of VERIFIE were to assess the potential
risk of iron accumulation with SFOH and to evaluate potential

masking of gastrointestinal (GI) bleeding by SFOH-induced stool
discolouration. Importantly, the real-world effectiveness of
SFOH for the reduction of serum phosphorus levels was also
evaluated.

MATERIALS AND METHODS
Patients and study design

VERIFIE was a non-interventional, prospective, multicentre co-
hort study, scheduled to enrol �1000 adult dialysis patients in
seven European countries.

Study inclusion criteria were as follows: adults (�18 years)
who had provided signed, informed consent and had an indica-
tion for SFOH in accordance with the product label [13]; preva-
lent HD or PD patients (dialysis vintage �6 months); and
patients who were either treatment-naı̈ve or pre-treated with
PBs. Exclusion criteria were prior participation in VERIFIE; cur-
rent participation in an interventional study; and enrolment in
a prior clinical trial of SFOH.

Patients newly prescribed SFOH or who had been treated
with SFOH up to 6 months prior to study entry were eligible. The
study design is displayed in Figure 1. The scheduled study dura-
tion was 3 years, with a recruitment phase of 2 years. The
planned prospective observation period per patient ranged from
12 to 36 months.

Ethical considerations

The study was conducted in accordance with the Declaration of
Helsinki [17], and the protocol was approved by Institutional
Review Boards within each participating country. All partici-
pants provided written informed consent. An external study
Steering Committee monitored study progress and ensured that
all predefined objectives were met. The study was registered on
ClinialTrials.gov (NCT02687594).

Study outcomes

Primary endpoints were the incidence and proportion of ad-
verse drug reactions (ADRs) and medical events of special inter-
est (MESIs; all AEs indicative of GI bleeding, diarrhoea and iron
accumulation irrespective of their relationship to SFOH).
Physicians’ evaluation of the potential masking effect of the
stool discolouration due to SFOH treatment on GI bleeding
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diagnosis, iron-related parameters [ferritin, transferrin satura-
tion (TSAT) and haemoglobin], and fatal events were also
assessed. Secondary endpoints included evaluation of labora-
tory parameters, including phosphorus (to evaluate SFOH effec-
tiveness) and other CKD–mineral bone disorder (CKD-MBD)
parameters, mean daily SFOH dose and dose changes and ad-
herence to SFOH therapy.

Study assessments and data collection

Study data were collected at the initial visit, baseline (BL; i.e.
SFOH treatment initiation), and Months 1, 3, 6, 12, 18, 24, 30
and 36 after treatment initiation. The number of observa-
tional time points for each patient depended on their length
of follow-up.

Investigators collected patient demographics, medical his-
tory and comorbidities for the 6 months before SFOH initiation
from medical records or the initial and/or BL visit. Routine
measurements and assessments (e.g. laboratory parameters)
were collected by investigators during patients’ routine practice
visits. Data relating to the presence or absence of prior and con-

comitant use of other PBs and intravenous (IV) or oral iron sup-
plements were collected.

Investigators assessed the potential impact of the stool dis-
colouration due to SFOH on the timing of diagnosis of GI bleed-
ing (i.e. the potential masking effect and diagnostic delay).
Details were collected via a physician questionnaire.

Patient-reported adherence to SFOH therapy was measured
using a shortened version (four questions) of the Morisky adher-
ence questionnaire (Supplementary data, Table S1) [18]. Data
were collected at BL (for prior PB use) and at each follow-up visit
(for SFOH use). For patients who completed the questionnaire,
responses were aggregated into a single measure of treatment
adherence by scoring answers of ‘No’ with 1 and ‘Yes’ with 0.
Four adherence categories were generated with the resulting
sum scores: 4 (most adherent patients), 3, 2 and 0–1 (least ad-
herent patients).

Analysis populations

All primary safety endpoint analyses were performed on
the ‘safety analysis set’, which included patients who received
�1 SFOH dose and who had �1 post-BL safety assessment avail-
able. Analyses of serum phosphorus levels and treatment ad-
herence were performed on the ‘full analysis set’, which
included all patients who received �1 SFOH dose, and who had
�1 BL and �1 post-BL serum phosphorus value available.

Statistical analysis

Sample size calculations were based on the expected occur-
rence of GI bleeding events, because evaluation of masking of GI
bleeding was a primary outcome of interest. A one-sample Chi-
square test with a 0.05, two-sided significance level was used
for the calculation. Based on data from the Dialysis Outcomes
and Patient Patterns Study (DOPPS) reporting a GI bleeding inci-
dence of up to 5% in real-world dialysis patients [19], the study
duration (up to 36 months), and potential dropout rate (up to
50%), a conservative calculation found n¼ 1000 patients was
sufficient to achieve the study target of 900–1000 patient-years
exposure.

For the primary endpoint analyses, crude incidence rates of
ADRs, MESIs and fatal events with 95% confidence intervals
(CIs) were calculated. Exposure-adjusted incidence rates (EAIRs)
per patient-year were also calculated as the number of patients
with a specific event, divided by total follow-up time for all
patients.

For the effectiveness analysis, mean 6 standard deviation
(SD) serum phosphorus values and changes from BL were sum-
marized at each study assessment for the full analysis set, along
with the proportion of patients achieving serum phosphorus
goal, based on KDOQI and KDIGO guideline recommendations
(�5.5 and �4.5 mg/dL, respectively). A subgroup analysis was
also performed to evaluate the effectiveness of SFOH monother-
apy versus SFOH administered in combination with other PB(s).

Mean 6 SD values and changes from BL in iron parameters
and CKD-MBD parameters were summarized for the safety
analysis set and full analysis set populations, respectively.

Month 36

Month 42

Prospective
sucroferric oxyhydroxide

(36 months) 

Prospective
sucroferric oxyhydroxide

(36 months) 

*

*

Sucroferric oxyhydroxide treatment

1

2

Baseline: start of sucroferric
oxyhydroxide treatment

Retrospective
prior treatment

(6 months)

Retrospective
prior treatment

(6 months)

Sucroferric oxyhydroxide treatment

Retrospective
sucroferric oxyhydroxide
(< 6 months)

FIGURE 1: VERIFIE study design. (1) Enrolment option for patients with SFOH treatment initiation at the time of inclusion into the study (treatment-naı̈ve patients):

treatment-naı̈ve patients have a prospective observation period of up to 36 months. Retrospective data covering a period of 6 months prior to SFOH treatment start are

collected. (2) Enrolment option for patients with SFOH treatment start up to 6 months prior to inclusion into the study (pre-treated patients): in pre-treated patients,

SFOH treatment is documented for up to 42 months (for patients pre-treated with SFOH for >3 months and up to 6 months) including retrospective documentation of

SFOH treatment up to 6 months and a prospective observation period of up to 36 months. Additionally, retrospective data covering a period of 6 months prior to SFOH

treatment start are collected. Asterisks indicate inclusion into the study.
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Mean 6 SD daily SFOH dose and associated pill burden (number
of pills/day) were calculated for patients in the safety analysis
set. Another subgroup analysis stratifying patients in the safety
analysis set according to concomitant IV or oral iron was per-
formed to evaluate the effect of SFOH therapy on serum ferritin
levels, independent of potential confounding from concomitant
iron supplement use.

All statistical analyses were performed using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA). P-values were generated
from an exploratory post hoc analysis.

RESULTS
Patients

The final study analysis was performed 36 months after the first
patient, first visit (data collection ended: 6 April 2019). In total,
1365 and 1322 patients were included in the safety analysis set
and full analysis set populations, respectively (Supplementary
data, Figure S1). Numbers of patients, centres and patients per
centre are shown in Supplementary data, Table S2.

BL characteristics of patients in the safety analysis set are
shown in Table 1. The majority were male (66.5%) and were un-
dergoing HD (87.8%). Most patients (62.3%) had received other
PB(s) prior to starting SFOH. During the study, 45.2% of patients
received other concomitant PB(s) in addition to SFOH treatment
(Supplementary data, Table S3).

In total, 682 patients (50.0%) in the safety analysis set prema-
turely withdrew from the study (Table 2). The most common
reasons for premature withdrawal among these patients were
discontinuation of SFOH for unspecified reasons (34.3%), ADRs
or MESIs (21.5%), death (17.2%) and kidney transplantation
(13.6%).

SFOH treatment duration

The mean 6 SD observation period for patients in the safety
analysis set was 420.3 6 239.3 days. A post hoc analysis showed
that mean 6 SD exposure duration to SFOH (excluding off-
treatment days) was 1.12 6 0.65 patient-years, and that 58.7% of
patients received treatment with SFOH for �12 months
(Supplementary data, Table S4).

Primary endpoint analyses

In total, 531 patients (38.9%) in the safety analysis set reported
�1 ADR during treatment with SFOH (Table 3). The most com-
mon ADRs were GI disorders, which were reported for 31.9% of
patients, mainly diarrhoea (14.2%) and discoloured faeces
(9.4%). Serious ADRs were reported for 26 patients (1.9%); the
most common were GI disorders (1.0%) (Supplementary data,
Table S5).

Overall, 250 patients (18.3%) had at least one MESI during the
study (Table 4); most of these were GI disorders. Thirty-eight
patients (2.8%) had GI bleeding during SFOH treatment (46
events). Most of these patients (n¼ 32, 84.2%) had specific risk
factors for GI bleeding, including medication, such as anticoagu-
lant therapy (n¼ 24, 63.2%), history of GI bleeding (n¼ 10, 26.3%),
medical conditions/disease with increased bleeding risk (n¼ 7,
18.4%) or other reasons (n¼ 2, 5.3%). Documented clinical

Table 1. BL demographic and clinical characteristics

Parameter
Safety analysis set

(n¼ 1365)

Age, years 61.5 6 14.9
Male, n (%) 908 (66.5)
Body weight, kg 77.1 6 18.2
BMI, kg/m2 27.2 6 5.8
Primary cause of CKD, n (%)

Diabetes 265 (19.4)
Hypertension 281 (20.6)
Other 788 (57.7)
Missing 2 (0.1)

Dialysis modality, n (%)
HD 1198 (87.8)
PD 160 (11.7)
Missing information on dialysis modality 7 (0.5)
Dialysis vintage, years 4.3 6 5.7

Prior treatment with other PB(s), n (%) 850 (62.3)
Sevelamer 300 (35.3)
Calcium-based PB 160 (18.8)
Calcium-based/sevelamer 130 (15.3)
Lanthanum 110 (12.9)
Calcium-based/lanthanum 51 (6.0)
Sevelamer/lanthanum 31 (3.6)
Aluminium-based 23 (2.7)
Sevelamer/aluminium-based 12 (0.9)
Calcium-based/sevelamer/lanthanum 10 (1.2)
Lanthanum/aluminium-based 8 (0.9)
Calcium-based/sevelamer/aluminium-based 7 (0.8)
Calcium-based/aluminium-based 4 (0.5)
Calcium-based/lanthanum/aluminium-based 2 (0.2)
Calcium-based/sevelamer/lanthanum/

aluminium-based
2 (0.2)

Values are the n (%) or mean 6 SD.

BMI, body mass index.

Table 2. Reasons for withdrawals and premature discontinuations
from the study

n (%)
Safety analysis set

(n ¼ 1365)

Patients who withdrew or discontinued study
prematurely

682 (100.0)

ADR/MESI 147 (21.5)
Withdrawal of consent 10 (1.5)
Lost to follow-up 38 (5.6)
Treatment with SFOH discontinued

permanentlya

234 (34.3)

Administrative problems 1 (0.15)
Death 117 (17.2)
AE (other than ADR/MESI/fatal event) 5 (0.7)
Kidney transplantation 93 (13.6)
Lack of efficacy 1 (0.15)
Other PB therapy 1 (0.15)
Parathyroidectomy 3 (0.4)
Participation in different study 1 (0.15)
Inclusion/exclusion criteria not met 2 (0.3)
Patient’s decision 19 (2.8)
Physician’s decision 2 (0.3)
Patient’s poor compliance 5 (0.7)
Product complaint 2 (0.3)
Treatment start of SFOH >6 months prior

to study inclusion
1 (0.15)

aSpecific reasons recorded for 220 patients: ADR, MESI, fatal event (n¼90); serum

phosphorus controlled (n¼17); AE (n¼ 9); hospitalization (n¼2); kidney transplanta-

tion (n¼26); lost to follow-up (n¼1); other PB (n¼5); parathyroidectomy (n¼1); pa-

tient decision (n¼50); physician decision (n¼2); patient’s poor compliance (n¼ 17).
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reports were available for 40 GI bleeding events: for 36, no delay
in GI bleeding diagnosis due to SFOH-related stool discoloura-
tion was reported, while for four events (10.0%), stool discolou-
ration with SFOH was reported as causing an insignificant
delay, without affecting patient health.

Diarrhoea was reported for 217 patients (15.9%); in 194
(89.4%) patients, it was assessed by the investigators as being
related to SFOH treatment. The first event of diarrhoea gener-
ally occurred early during SFOH treatment (Figure 2A) and

severity was mild (53.0%), moderate (40.1%) or severe (5.5%). A
documented degree of severity was missing for three (1%)
patients. For 186 patients, the first diarrhoea event was reported
as recovered/resolved; for the majority of these subjects (66.1%),
diarrhoea resolved within 2 weeks of onset (Figure 2B).

Two patients, both of whom received concomitant IV iron
therapy, had iron accumulation (iron overload, defined as a
MESI) during the observation period; in one, events were consid-
ered related to SFOH treatment. Patients in the safety analysis
set displayed small but statistically significant (P< 0.05)
increases from BL in mean serum ferritin at most time points
(Figure 3A). Small increases in TSAT levels were observed,
whereas haemoglobin values remained unchanged (Figures 3B
and C). In the safety analysis set, 800 patients (58.6%) received
IV or oral iron supplementation therapy prior to SFOH initiation,
whereas 880 (64.5%) received concomitant IV or oral iron during
SFOH treatment. A subgroup analysis showed mean serum fer-
ritin levels increased significantly from BL among patients who
received any concomitant iron therapy during SFOH treatment,
but generally decreased among patients who did not receive
any iron therapy (Supplementary data, Figure S2).

In total, 119 patients (8.7%) in the safety analysis set had fa-
tal events during the observation period. None of the fatal
events was assessed by the investigator as being related to
SFOH treatment.

A subgroup analysis showed the safety and tolerability pro-
file of SFOH was similar for patients undergoing HD (n¼ 1198) or
PD (n¼ 160) during the study. There were no major differences
in the type or frequency of ADRs or serious ADRs reported for
HD and PD patients (data not shown).

Secondary endpoint analyses

Serum phosphorus control. Among patients in the full analysis
set, serum phosphorus decreased significantly during SFOH

Table 3. ADRs occurring in �1% of patients by system organ class and preferred term

System organ class

Safety analysis set

(n¼ 1365)

Preferred term Patients, n (%) EAIRa per year (95% CI)

Patients with at least one ADRb 531 (38.9) 0.461 (0.422–0.502)
GI disorders 436 (31.9) 0.355 (0.322–0.390)

Diarrhoea 194 (14.2) 0.133 (0.115–0.153)
Faeces discoloured 128 (9.4) 0.090 (0.075–0.107)
Abnormal faeces 48 (3.5) 0.032 (0.023–0.042)
Constipation 40 (2.9) 0.026 (0.018–0.035)
Abdominal pain 38 (2.8) 0.024 (0.017–0.034)
Nausea 36 (2.6) 0.023 (0.016–0.032)
Faeces soft 20 (1.5) 0.013 (0.008–0.020)
Vomiting 17 (1.2) 0.011 (0.006–0.017)
Dyspepsia 16 (1.2) 0.010 (0.006–0.017)

Injury, poisoning and procedural complications 59 (4.3) 0.039 (0.030–0.050)
Off-label use 29 (2.1) 0.019 (0.013–0.027)

General disorders and administration site conditions 56 (4.1) 0.037 (0.028–0.048)
Drug ineffective 26 (1.9) 0.017 (0.011–0.025)
Treatment non-compliance 15 (1.1) 0.010 (0.005–0.016)

Product issues 24 (1.8) 0.015 (0.010–0.023)
Product taste abnormal 23 (1.7) 0.015 (0.009–0.022)

aThe EAIR is defined as the number of patients with a specific event divided by the total follow-up time for all patients in years.
bAll ADRs were coded based on MedDRA version 22.0 terminology into system organ class and preferred terms.

MedDRA: Medical Dictionary for Regulatory Activities.

Table 4. MESI reported for two or more patients by system organ
class and preferred term

System organ class
Preferred term

Safety
analysis

set
(n¼ 1365)

Patients, n (%)
EAIRa per

year (95% CI)

Patients with at least one MESIb 250 (18.3) 0.176 (0.155–0.199)
GI disorders 249 (18.2) 0.175 (0.154–0.199)

Diarrhoea 217 (15.9) 0.151 (0.131–0.172)
GI haemorrhage 18 (1.3) 0.012 (0.007–0.018)
Rectal haemorrhage 6 (0.4) 0.004 (0.001–0.008)
Haematemesis 4 (0.3) 0.003 (0.001–0.007)
Melena 3 (0.2) 0.002 (0.000–0.006)
Haematochezia 2 (0.15) 0.001 (0.000–0.005)

Metabolism and nutrition disorders 2 (0.15) 0.001 (0.000–0.005)
Iron overload 2 (0.15) 0.001 (0.000–0.005)

aThe EAIR is defined as the number of patients with a specific event divided by

the total follow-up time for all patients in years.
bAll MESI were coded based on MedDRA version 22.0 terminology into System

Organ Class and Preferred Terms.

MedDRA: Medical Dictionary for Regulatory Activities.
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treatment (6.3 6 1.6 mg/dL at BL to 5.7 6 1.6 mg/dL at Month 1;
P< 0.001 and 5.3 6 1.8 mg/dL at Month 30; P< 0.01) (Figure 4A).
The proportion of patients with serum phosphorus �5.5 mg/dL
increased from 29.9% at BL to 47.4–63.0% during the observation
period (Figure 4B). The proportion with serum phosphorus
�4.5 mg/dL also increased, from 12.0% at BL to 23.9–36.2% during
SFOH treatment.

A subgroup analysis, stratifying patients by concomitant
PB(s) use during the study, showed that subjects who received
SFOH in combination with other PB(s) had higher BL serum
phosphorus than those who received SFOH monotherapy
(Supplementary Figure S3). The absolute reductions in serum
phosphorus during SFOH treatment were comparable in both
subgroups. The proportion of patients achieving serum phos-
phorus goal (�5.5 mg/dL) at BL was higher among those receiv-
ing SFOH monotherapy than those receiving concomitant PB(s).
The proportion with serum phosphorus �5.5 mg/dL increased to
a similar extent in both groups during SFOH treatment, remain-
ing higher in the SFOH monotherapy group (Supplementary
data, Figure S4).

SFOH exposure and daily pill burden. In the safety analysis set,
mean 6 SD initial daily SFOH dose at BL was 1047.2 6 486.3 mg
(2.1 pills/day), and increased to 1204.6 6 618.5 mg (2.4 pills/day)
by the last daily dose. The mean SFOH daily dose during the
overall observation period was 1172.7 6 539.9 mg (2.3 pills/day).

A subgroup analysis showed the mean daily SFOH dose
during the observation period was similar for patients who re-
ceived SFOH with or without concomitant PB therapy
[1228.0 6 598.8 mg (2.5 pills/day) and 1126.7 6 481.0 mg (2.3 pills/
day), respectively].

Adherence to SFOH therapy. Drug adherence scores based on
the Morisky adherence questionnaire for patients in the full
analysis set who completed all four questions are shown in
Figure 5. The most frequent score category at all post-BL visits

up until Month 12 of SFOH therapy was 4 (‘very adherent’), ob-
served for >48.0% of patients. The proportion of very adherent
patients initially increased from 44.5% at BL (for those receiving
prior PB therapy) to 56.1% at Month 1, before decreasing again
slightly to 48.7% at Month 3 and remaining constant at subse-
quent time points. Across all post-BL study visits, <14% of
SFOH-treated patients had a score of 0–1 (not adherent at all).

Other CKD-MBD parameters. There were no major changes in
serum concentrations of calcium, parathyroid hormone and
25-hydroxyvitamin D during SFOH treatment (Supplementary
data, Table S6).

DISCUSSION

In this real-world study evaluating the clinical use of SFOH in a
large cohort of European HD and PD patients, no new safety sig-
nals were identified. The safety profile of SFOH was in line with
that expected from clinical trials [14–16]. In addition, SFOH im-
proved serum phosphorus control, with a larger proportion of
patients, as compared with BL, achieving in-target serum phos-
phorus levels during treatment.

A primary objective of the study was to evaluate the longer
term real-world safety of SFOH in dialysis patients. The mean
duration of patients’ exposure to SFOH exceeded 1 year (1.12
patient-years), and the study met its goal of obtaining at least
1000 patient-years of SFOH exposure.

The BL characteristics of the VERIFIE patient population
were similar to European dialysis patients from other large ob-
servational studies, such as COSMOS [20], apart from a slightly
younger age in VERIFIE (62 versus 64 years) and a somewhat lon-
ger dialysis vintage (4.3 versus 3.2 years). It is important to ac-
knowledge that the VERIFIE study cohort comprises a selected
population of patients who were prescribed SFOH as part of rou-
tine practice and therefore it may not be fully representative of
the wider European dialysis population.
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Most frequent ADRs during the study were GI disorders,
mainly diarrhoea and discoloured faeces. This is consistent
with Phase 3 clinical study findings, during which 24 and 16% of
SFOH-treated patients, respectively, reported diarrhoea and dis-
coloured faeces as treatment-emergent AEs [12].

Diarrhoea was reported by 15.9% of patients during this
study and its characteristics (timing, severity and duration)
were consistent with Phase 3 study observations. In the VERIFIE
population, diarrhoea tended to occur early during SFOH

treatment, was predominantly mild or moderate in severity,
and for most patients it resolved within 2 weeks.

The proportion of patients with GI bleeding (2.8%) was low in
comparison with other real-world dialysis patient cohorts, such
as the DOPPS, for which annual incidence rates of up to 5% have
been reported [19]. There were no reports of clinically signifi-
cant delays in GI bleeding diagnosis due to stool discoloration
masking the GI bleeding. SFOH-related stool discoloration was
reported as causing an insignificant delay in GI bleeding
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diagnosis in a small number of patients (n¼ 4, 0.3%), without
this delay affecting their outcome. It is also important to note
that patients receiving dialysis are typically under close clinical

surveillance, undergoing evaluation of haematological labora-
tory parameters. Therefore, it is unusual for upper GI bleeding
to have discoloured faeces as the predominant and sole clinical
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manifestation. Furthermore, lower GI bleeding is characterized
by the passage of bright red blood per rectum, which is therefore
unlikely to be masked by SFOH.

A small increase in mean serum ferritin was observed during
SFOH treatment (DBL: þ12 mg/L to þ75 mg/L), which was consis-
tent with findings from the Phase 3 study and its extension [14,
15, 21]. A subgroup analysis in the present study suggested the
serum ferritin increase was driven by concomitant IV or oral
iron use, because ferritin values did not increase in patients
without concomitant oral or IV iron use. Two patients had
MESIs of iron overload during this study, both of whom received
concomitant treatments that included IV iron. One patient had
an iron utilization disorder. The available information from
these two cases does not support a change of the safety profile
in terms of potential iron accumulation with SFOH.

The number of deaths that occurred during the VERIFIE
study was relatively low (n¼ 119) in comparison with other ob-
servational studies [20].

SFOH effectively lowered serum phosphorus levels over
30 months of treatment, with a low daily pill burden. Increases
in the proportion of patients achieving serum phosphorus goals
based on KDOQI and KDIGO guidelines (�5.5 and �4.5 mg/dL, re-
spectively), was evident from Month 1, continued until Month
18 and thereafter was maintained for the remainder of the ob-
servation period. The reductions in mean serum phosphorus
among patients treated with SFOH in VERIFIE were not as pro-
nounced as those previously reported in the Phase 3 trial and its
extension study [14, 15]. However, the Phase 3 study population
had higher mean serum phosphorus levels at BL, likely due to
their mandatory 2- to 4-week washout of other PB(s) before
starting SFOH. Patients in VERIFIE generally received other PB
therapy prior to recruitment.

Consistent with the Phase 3 study [14, 15], the mean daily
pill burden of SFOH was low (2.3 SFOH pills/day). The mean
SFOH dose at BL (2.1 SFOH pills/day) was lower than the starting
dose recommended in the product label (3 pills/day) [13], indi-
cating that clinicians in real-world practice tend to initiate
SFOH therapy at a lower dose.

Almost half of patients in VERIFIE (n¼ 617, 45.2%) received
concomitant PB(s) in addition to SFOH treatment. The use of
multiple PBs by European dialysis patients is common in real-
world clinical practice; in the COSMOS cohort, �22% of patient-
years were prescribed combinations of different PB therapies
[22]. A subgroup analysis showed reductions in serum phospho-
rus among patients receiving concomitant PB therapy, as well
as those receiving SFOH monotherapy. However, serum phos-
phorus control (percentage of patients with �5.5 mg/dL) was
better in the SFOH monotherapy group, probably due to these
patients having lower mean BL serum phosphorus. Overall, our
results, demonstrating clinically significant serum phosphorus
reduction with SFOH, are important, considering that it can be
more difficult to demonstrate real-world effectiveness than to
achieve efficacy in a clinical trial setting.

Treatment adherence to SFOH during the study was ana-
lysed based on four questions from the Morisky questionnaire.
The results indicated that adherence to SFOH therapy was good
and remained consistent during the observation period (post-
BL), with between 49 and 56% of patients ‘very adherent’ (score
of 4) to SFOH up to Month 12, and <14% patients ‘not adherent
at all’ (score of 0–1). It is important to note this analysis had lim-
itations. Since the number of patients who fully completed the
questionnaire was relatively low, only a small proportion from
the full analysis set (<40%) were included in the analysis, and
the follow-up was restricted to 12 months. In addition, because

only four questions from the full Morisky questionnaire were
used, the adherence scores described in the results are not vali-
dated and therefore should be interpreted with caution.

Limitations of the VERIFIE study included its non-
interventional observational design, which may have been a
source of selection bias. Furthermore, the study was open label
with no randomization, or matched comparator population.
Finally, polypharmacy and concomitant PB use may have influ-
enced outcomes, and data relating to daily doses/pill burden of

concomitant PBs or iron supplements were not collected.
In conclusion, SFOH had a favourable safety and tolerability

profile consistent with that observed in the Phase 3 trial and its
extension study [14, 15]. Moreover, SFOH was shown to improve
phosphorus control with a low daily pill burden in a real-world
setting.
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