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Purpose: In prior analyses of real-world cohorts of hemodialysis patients switched from one phosphate binder (PB) to sucroferric
oxyhydroxide (SO), SO therapy has been associated with improvements in serum phosphorus (sP) and reductions in daily PB pill
burden. To characterize how SO initiation patterns have changed over time, we examined the long-term effectiveness of SO in
a contemporary (2018–2019) cohort.
Patients and Methods: Adult Fresenius Kidney Care hemodialysis patients first prescribed SO monotherapy as part of routine care
between May 2018 and May 2019 (N = 1792) were followed for 1 year. All patients received a non-SO PB during a 91-day baseline
period before SO prescription. Mean PB pills/day and laboratory parameters were compared before and during SO treatment. Results
were divided into consecutive 91-day intervals (Q1–Q4) and analyzed using linear mixed-effects regression and Cochran’s Q test.
These results were contrasted with findings from a historical (2014–2015) cohort (N = 530).
Results: The proportion of patients achieving sP ≤5.5 mg/dl increased after switching to SO (from 27.0% at baseline to 37.8%, 45.1%,
44.7%, and 44.0% at Q1, Q2, Q3, and Q4, respectively; P < 0.0001 for all). The mean daily PB pill burden decreased from a baseline
of 7.7 to 4.4, 4.6, 4.8, and 4.9, respectively, across quarters (P < 0.0001 for all). Patients in the contemporary cohort had improved sP
control (27.0% achieving sP ≤5.5 mg/dl vs 17.7%) and lower daily PB pill burden (mean 7.7 vs 8.5 pills/day) at baseline than those in
the historical cohort. Overall use of active vitamin D was similar between cohorts, although higher use of oral active vitamin D (63.9%
vs 15.7%) and lower use of IV active vitamin D lower (23.4% vs 74.2%) was observed in the contemporary cohort.
Conclusion: Despite evolving treatment patterns, switching to SO resulted in improved sP control with fewer pills per day in this
contemporary hemodialysis cohort.
Keywords: sucroferric oxyhydroxide, hemodialysis, pill burden, serum phosphorus, phosphate binder

Introduction
Hyperphosphatemia is a common complication of advanced chronic kidney disease (CKD), accompanied by hypocalce-
mia and low serum levels of vitamin D that often lead to secondary hyperparathyroidism and defects in bone mineral
metabolism.1 Without treatment, high serum phosphorus (sP) levels are associated with increased cardiovascular
morbidity and mortality.1–3

Because dietary phosphate restriction and dialysis treatment are often inadequate to manage hyperphosphatemia,
administration of oral phosphate binders (PBs) that limit phosphorus absorption from ingested food is essential to
maintain sP levels for most CKD patients on dialysis.4,5 Both calcium-based binders (eg, calcium acetate and calcium
carbonate) and non–calcium-based binders, including sevelamer, lanthanum carbonate, and iron-based binders (eg,
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sucroferric oxyhydroxide and ferric citrate), have been shown to effectively lower sP levels.6,7 However, most PBs are
associated with high daily pill burden (hereinafter “pill burden”) and low treatment adherence, which can in turn lead to
increased sP concentrations.8,9 Additionally, high doses of calcium-based binders are associated with an increased risk of
hypercalcemia, vascular calcification, and cardiovascular disease.10,11

Sucroferric oxyhydroxide (SO; Velphoro®, Fresenius Medical Care Renal Therapies Group, Waltham, MA, USA) is
a non-calcium, chewable, iron-based PB indicated for the treatment of hyperphosphatemia in CKD patients undergoing
dialysis.12 Clinical trial and real-world data have demonstrated the effectiveness of SO in managing sP levels with
reduced pill burdens among dialysis patients.12–14 Previous real-world evidence includes data from a large (N = 530)
cohort analysis of patients prescribed SO within the first 2 years following SO availability in the United States (2014
cohort).14 Within a year of switching to SO, the proportion of patients in this cohort achieving target sP levels (sP
≤5.5 mg/dl) increased from 17.7% at baseline to 36.0% and the mean PB pill burden decreased from 8.5 to 4.0–4.3 pills/
day. Improvements in sP were seen independent of baseline PB (ie, calcium acetate, lanthanum carbonate, sevelamer, or
others). Improvements in sP control and reductions in PB pill burden were also observed in prespecified subgroups of
interest (ie, Black/African American patients, Hispanic/Latino patients, and women). Transitioning to SO appeared to
allow for improved nutritional status and was associated with significant increases in phosphorus-attuned albumin and
phosphorus-attuned protein intake (normalized protein catabolic rate [nPCR]).

With continued availability of SO and increased clinical experience with this agent, prescription patterns may have
changed over time. The current retrospective study aimed to assess the characteristics, treatment patterns, and changes in
sP and PB pill burden over 1 year of follow-up in a real-world population of hemodialysis patients prescribed SO in
2018–2019 (2018 cohort) and to compare these results with prior findings.14

Methods
Data Source and Patient Population
De-identified demographic and clinical data as well as medication prescription information were retrospectively extracted from
the Fresenius Kidney Care (FKC) data warehouse and Fresenius pharmacy database. Adult (≥18 years) in-center hemodialysis
patients from FKCwho switched from another PBmonotherapy to SOmonotherapy betweenMay 2018 andMay 2019 as part of
routine care were included. Eligible patients had 1 year of uninterrupted SO prescriptions and at least 1 sP measurement during
the 3 months before SO prescription. Observation periods were divided into consecutive 91-day intervals and defined as baseline
(−Q1; 3 months before SO prescription) and SO follow-up (Q1 through Q4; 12 months of SO prescription). This study was
reviewed by the New England Independent Review Board (NEIRB) and determined to be exempted under the Common Rule
and applicable guidance. Data were stored electronically on a network drive only accessible to our staff.

Data Assessments and Clinical Parameters
Demographic and treatment patterns were characterized at baseline. Clinical and laboratory parameters included mineral
bone disorder (MBD) markers (sP, serum calcium, and serum intact parathyroid hormone [iPTH]); nutritional and
clearance parameters (serum albumin, pre-dialysis weight, nPCR, and equilibrated Kt/V); anemia and iron indices
(ferritin, transferrin saturation [TSAT], and hemoglobin); and dose and use of MBD medications (PB, active vitamin
D, and calcimimetics) and anti-anemia therapies (intravenous [IV] iron sucrose and IV erythropoiesis-stimulating agents
[ESAs]). Corrected serum calcium was calculated using the formula of Orrell to account for albumin binding.15

Blood samples were collected as part of routine clinical care (generally on the same day of each week), using
standardized methods at FKC clinics, and analyzed at Spectra Laboratories, a subsidiary of Fresenius Medical Care North
America (Rockleigh, NJ, USA). Laboratory tests were measured monthly except for hemoglobin, which was measured
weekly, and serum ferritin and iPTH, which were measured quarterly per standard practice at FKC facilities. Data
regarding the use and dosages of concomitant medications were evaluated quarterly. Categorical evaluation of sP
concentrations (ie, sP ≤5.5 mg/dl per National Kidney Foundation [NKF]–Kidney Disease Outcomes Quality Initiative
[KDOQI] recommendations and sP ≤4.5 mg/dl per Kidney Disease: Improving Global Outcomes [KDIGO]
guidelines)6,16,17 was conducted quarterly.
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Statistical Analysis
Baseline characteristics are presented as median (interquartile range, IQR) for continuous variables and number of
patients (percentage) for categorical variables. To further characterize sP levels, they were categorized as ≤5.5 mg/dl,
5.6–6.5 mg/dl, 6.6–7.5 mg/dl, 7.6–8.5 mg/dl, and >8.5 mg/dl. Quarterly means of continuous data were calculated using
linear mixed-effects regression. Summary statistics are presented as least-squares means (standard error [SE]) with
comparison across treatment periods (overall P values) and comparisons between baseline and follow-up periods.
Cochran’s Q test and McNemar chi-square test were used to evaluate differences in categorical variables. A stratified
analysis by baseline PB was performed, as well as subgroup analyses for Black/African American patients, Hispanic/
Latino patients, and women. Two-tailed P values <0.05 were considered statistically significant. Formal statistical testing
was not conducted on monthly data. All analyses were carried out with SAS (version 9.4; SAS Institute Inc, Cary,
NC, USA).

A sensitivity analysis was conducted among all patients who switched from non-SO PB monotherapy at baseline to
SO monotherapy during follow-up between May 2018 and May 2019. In contrast with the primary analysis, in addition
to including all patients with 1 year of uninterrupted SO prescriptions, it also included patients who 1) died, 2) transferred
to a non-Fresenius facility, 3) received a kidney transplant, or 4) discontinued SO for other reasons. Quarterly analyses
included all those patients with SO prescriptions and sP data in the quarter being analyzed.

Results
Study Participants
Patients initiating SO monotherapy between May 2018 to May 2019, were eligible for one year follow up analysis if they
were prescribed a non-SO PB monotherapy during a 3-month baseline, had serum phosphorus measured during that
baseline and at least one measure during follow-up, and were not discharged from an FKC clinic during one-year follow-
up (n=3479). Patients who stopped the prescription of SO (n= 1508) or continued SO with another PB (n=179) during the
follow up year were not included, leaving a total of 1792 for the present analysis. Demographic and baseline
characteristics of this cohort are summarized in Table 1. The median age of patients in the cohort was 57 years and
the median dialysis vintage was 33.9 months. Black/African American patients comprised 42.2% of the cohort and nearly
15% of the patients were Hispanic/Latino. Diabetes was the most common primary cause of kidney failure, accounting
for nearly half of the cases in the group. Sevelamer was the most prescribed (46.9%) PB monotherapy at baseline,
followed by calcium acetate (36.0%), ferric citrate (6.4%), and lanthanum carbonate (3.0%).

Serum Phosphorus and Pill Burden in the Overall Cohort
Changes in sP and pill burden among the 2018 cohort after switching to SO are shown in Figure 1 and Table 2. At
baseline, the mean (SE) sP was 6.38 (0.03) mg/dl, with 27.0% of patients having achieved in-range sP concentrations
(ie, sP ≤5.5 mg/dl) prior to switching to SO. After switching to SO, mean sP was reduced during the entire follow-up
period (P < 0.0001) and at each follow-up quarter (P < 0.0001 vs baseline), with a nadir of 5.88 (0.03) mg/dl in Q3.
Similarly, the proportion of patients achieving target sP was higher (vs baseline) throughout the SO treatment period
(37.8%, 45.1%, 44.7%, and 44.0% at Q1, Q2, Q3, and Q4, respectively; P < 0.0001 for each quarter vs baseline and
overall). The proportion of patients achieving more stringent sP control (ie, sP ≤4.5 mg/dl) increased from 8.4% at
baseline to 12.7%, 16.8%, 17.4%, and 17.0% at Q1, Q2, Q3, and Q4, respectively (P < 0.0001 for each quarter vs
baseline and overall).

The mean (SE) baseline PB pill burden of 7.7 (0.05) decreased to 4.4 (0.05) (P < 0.0001) 3 months after switching to
SO (ie, Q1). This represents a 43% reduction following the switch to SO monotherapy. Mean (SE) pill burden increased
throughout the treatment period to 4.6 (0.05), 4.8 (0.05), and 4.9 (0.05) at Q2, Q3, and Q4, respectively, but remained
significantly lower than that reported at baseline (P < 0.0001).
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Proportion of Patients Achieving sP ≤5.5 mg/dl and Pill Burden Stratified by Baseline
PB
Among the 841 patients who switched from sevelamer to SO, mean sP levels decreased after SO initiation from 6.5 mg/
dl at baseline to 6.1, 5.9, 5.9, and 6.0, respectively, across progressive quarters of SO treatment (P < 0.0001 vs baseline)

Table 1 Patient Characteristics at Baseline

Demographic Characteristics 2018 Cohort (N = 1792)

Age (years), median (IQR) 57.0 (17.0)
Dialysis vintage (months), median (IQR) 33.9 (52.0)

Pre-dialysis body mass index (kg/m2), median (IQR) 30.4 (10.6)

Female, n (%) 715 (39.9%)
Race, n (%)a

White 911 (50.8%)

Black/African American 756 (42.2%)
Other 70 (3.9%)

Unknown 55 (3.1%)
Hispanic/Latino, n (%)a 266 (14.8%)

Primary cause of renal failure, n (%)

Diabetes mellitus 850 (47.4%)
Hypertension 575 (32.1%)

Glomerulonephritis 123 (6.9%)

Polycystic kidney 42 (2.3%)
Other 201 (11.2%)

Unknown 1 (0.1%)

Diabetes mellitus, n (%) 1035 (57.8%)
Congestive heart failure, n (%) 331 (18.5%)

PB at baseline, n (%)

Sevelamer 841 (46.9%)
Calcium acetate 646 (36.0%)

Lanthanum carbonate 54 (3.0%)

Ferric citrate 115 (6.4%)
Switch among bindersb 136 (7.6%)

Notes: aRace/ethnicity was self-reported. bAmong 136 patients, the most frequently used phosphate binders
were sevelamer (44.9%; n = 61), calcium acetate (37.5%; n = 51), ferric citrate (14.0%; n = 19), and lanthanum
carbonate (3.7%; n = 5).
Abbreviations: IQR, interquartile range; PB, phosphate binder.

Figure 1 Monthly distribution of patients stratified by sP level.
Abbreviations: PB, phosphate binder; SO, sucroferric oxyhydroxide; sP, serum phosphorus.
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(Figure 2A). These changes were associated with significant increases in the proportion of patients achieving sP ≤5.5 mg/
dl, from 21% at baseline to up to 44% at Q2 of SO treatment. In this subgroup, mean PB pill burden was significantly
reduced, from 8.4 pills/day at baseline to 4.9 pills/day at Q4 (P < 0.0001).

Similar changes were observed after switching to SO among patients taking other PBs at baseline. Among 646
patients who switched from calcium acetate (Figure 2B), changing to SO was associated with a significant reduction in
mean sP from 6.1 mg/dl at baseline to 5.8 mg/dl at Q4 (P < 0.0001). The proportion of patients achieving target sP
increased from 37.9% at baseline to 47.5% at Q4 of SO treatment, and the mean daily number of PB pills decreased from
7.3 pills/day to 4.8 pills/day across the same timepoints (P < 0.0001).

Patients switching from lanthanum carbonate to SO (n = 54) experienced a reduction in mean sP from 6.5 mg/dl at
baseline to 6.0 mg/dl at Q4 (P = 0.006), with the proportion of patients achieving target sP more than doubling (from
22.2% at baseline to 48.2% at Q4) (Figure 2C). In contrast with patterns observed with other PBs, the mean number of
PB pills in this subgroup increased after switching to SO, from a baseline of 3.8 pills/day to 4.7 pills/day at Q4 of SO
treatment (P < 0.0001).

After switching from ferric citrate to SO (n = 115) (Figure 2D), mean sP decreased from 6.6 mg/dl at baseline to
6.1 mg/dl at Q4 (P < 0.0001), whereas the proportion of patients achieving target sP more than doubled from 20.0% at
baseline to 42.1% at Q4. These changes were accompanied by a significant reduction in mean pill burden (6.7 pills/day
vs 5.0 pills/day at Q4; P < 0.0001).

Table 2 Comparison of Changes in Clinical Parameters and CKD-MBD Medication Use

Parameter Baseline Follow-Up P value

−Q1; ref Q1 Q2 Q3 Q4

CKD-MBD biochemical markers
sP (mg/dl) 6.38 (0.03) 6.10 (0.03)c 5.88 (0.03)c 5.88 (0.03)c 5.93 (0.03)c <0.0001
sP ≤5.5 mg/dl (%) 27.0 37.8c 45.1c 44.7c 44.0c <0.0001

sP ≤4.5 mg/dl (%) 8.4 12.7c 16.8c 17.4c 17.0c <0.0001

Corrected calcium (mg/dl) 9.64 (0.01) 9.61 (0.01)a 9.58 (0.01)c 9.53 (0.01)c 9.52 (0.01)c <0.0001
iPTH (pg/mL) 564 (10) 560 (10) 558 (10) 545 (10)a 528 (10)c <0.0001

CKD-MBD medications
PB pills/day 7.7 (0.05) 4.4 (0.05)c 4.6 (0.05)c 4.8 (0.05)c 4.9 (0.05)c <0.0001
PB pills/day among in-range patients 7.1 (0.09) 4.3 (0.08)c 4.4 (0.07)c 4.6 (0.07)c 4.6 (0.07)c <0.0001

Total calcimimetics use (%) 39.8 43.9c 47.0c 48.4c 48.8c <0.0001

Cinacalcet use (%) 37.3 38.8a 40.1a 39.1 37.8 0.008
Home cinacalcet dose (mg/day) 52.4 (1.4) 53.5 (1.4)a 55.4 (1.4)c 57.9 (1.4)c 58.4 (1.4)c <0.0001

In-center cinacalcet dose (mg/administration) 51.9 (2.0) 58.9 (2.0)c 69.4 (2.0)c 75.6 (1.9)c 83.0 (1.9)c <0.0001

Etelcalcetide use (%) 5.4 7.7c 10.1c 12.1c 13.6c <0.0001
Etelcalcetide dose (mcg/administration) 4.4 (0.21) 5.5 (0.19)c 6.3 (0.19)c 6.8 (0.18)c 7.2 (0.18)c <0.0001

Total vitamin D use (%) 84.9 84.7 86.3 86.6a 88.1b <0.0001

IV active vitamin D use (%) 23.4 23.4 23.8 24.7a 25.2a 0.001
IV doxercalciferol dose (mcg/week) 11.4 (0.3) 11.4 (0.3) 11.5 (0.3) 11.9 (0.3)a 12.2 (0.3)b 0.001

Oral active vitamin D use (%) 63.9 62.9 64.0 63.8 64.5 0.32

Oral calcitriol dose (mcg/day) 0.90 (0.02) 0.91 (0.02) 0.94 (0.02)b 0.98 (0.02)c 1.01 (0.02)c <0.0001
Nutritional and clearance parameters
Serum albumin (g/dl) 3.89 (0.01) 3.90 (0.01)c 3.90 (0.01)c 3.89 (0.01) 3.88 (0.01) <0.0001

Pre-dialysis weight (kg) 91.5 (0.6) 91.7 (0.6)c 91.7 (0.6)c 91.8 (0.6)c 91.5 (0.6) <0.0001
Equilibrated nPCR (g/kg/day) 0.95 (0.005) 0.96 (0.005) 0.95 (0.005) 0.94 (0.005)b 0.94 (0.005)c <0.0001

Equilibrated Kt/V 1.46 (0.01) 1.47 (0.01) 1.47 (0.01)a 1.47 (0.01) 1.46 (0.01) 0.05

Notes: Unless specified, values are presented as least-squares mean (standard error). P values compare summary estimates across time with −Q1 as the reference. Overall
P values were calculated using linear mixed-effects regression (continuous variables) or Cochran’s Q test (categorical variables). aP < 0.05; bP < 0.001; cP < 0.0001 (vs
baseline).
Abbreviations: CKD, chronic kidney disease; iPTH, serum intact parathyroid hormone; IV, intravenous; MBD, mineral bone disorder; nPCR, normalized protein catabolic
rate; PB, phosphate binder; sP, serum phosphorus.
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Additional Clinical Parameters
Beyond the above changes in sP and PB pill burden, patients exhibited significant reductions in corrected calcium and
iPTH (P < 0.0001 for each) during SO treatment (Table 2). Minimal changes in pre-dialysis weight and equilibrated Kt/V
were also observed after switching to SO.

Changes in calcimimetics and/or active vitamin D analogs over the follow-up year are detailed in Table 2. After
switching to SO, small but significant increases in the proportion of patients receiving vitamin D (P < 0.0001) were
reported. The proportion of patients using calcimimetics increased from 39.8% at baseline to 48.8% (Q4; P < 0.0001)
after switching to SO.

Changes in iron indices and anemia therapies are summarized in Table 3. Mean ferritin increased from a baseline of
1009 ng/mL to 1138 ng/mL at Q4 (P < 0.0001). Increases in TSAT and hemoglobin were also observed during the SO
treatment period (P < 0.0001). Reductions in the use of IV iron and ESAs were observed during SO treatment.
Specifically, use of IV iron sucrose decreased from 77.7% at baseline to 69.4% at Q4 (P < 0.0001), and use of ESAs
decreased from 85.6% at baseline to 83.3% at Q4 (P < 0.05).

Pill Burden and Phosphorus Control in Predefined Subgroups
The mean pill burden and sP stratified by predefined subgroups are detailed in Table S1. Consistent with findings in the
overall cohort, improvement in sP control and PB pill burden was demonstrated in prespecified analyses among subgroups of

Figure 2 Percentage of patients achieving sP ≤5.5 mg/dl stratified by baseline PB type: (A) Sevelamer → SO, (B) Calcium acetate → SO, (C) Lanthanum carbonate → SO,
(D) Ferric citrate → SO.
Abbreviations: PB, phosphate binder; SO, sucroferric oxyhydroxide; sP, serum phosphorus.
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Black/African American patients, Hispanic/Latino patients, and women. Among Black/African American patients, switching
to SO was associated with a 37.5% to 45% reduction in pill burden across quarters (P < 0.0001), with a significant increase in
the proportion of patients achieving sP ≤5.5 mg/dl (from 28.4% at baseline to 42.3% at Q4; P < 0.0001). Hispanic/Latino
patients experienced a 40% to 46% reduction in mean pill burden after switching to SO (P < 0.0001), accompanied by a 67%
relative increase in the proportion of patients achieving sP ≤5.5 mg/dl from baseline to Q4 (P < 0.0001). Similar
improvements were observed in women after switching to SO (36% to 43% reduction in pill burden [P < 0.0001], and
60% relative increase in the proportion of patients achieving sP ≤5.5 mg/dl from baseline to Q4 [P < 0.0001]).

Sensitivity Analyses
A total of 4368 HD patients were switched from non-SO PB monotherapy to SO monotherapy during the study period
and were included in the sensitivity analysis (Figure S1). Data were available for 4366, 3546, 2828, and 2299 patients for
Q1, Q2, Q3, and Q4, respectively. Monotherapy with SO was associated with a significantly greater likelihood of
achieving sP ≤5.5 mg/d at for each 3-month period analyzed (Figure S2). Daily PB pill burden was reduced by more than
35% at each quarter.

Discussion
In this retrospective analysis of a contemporary cohort of hemodialysis patients, we found that switching to SO
significantly improved sP levels while also reducing pill burden throughout a 1-year follow-up period. These findings
are consistent with our observations in a 2014 cohort of hemodialysis patients (Figure 3),14 as well as those of previous
studies.12,13,18 In our contemporary cohort, mean sP decreased from a baseline of 6.38 mg/dl to 5.93 mg/dl (P < 0.0001),
and the proportion of patients achieving sP ≤5.5 mg/dl increased from 27% to 44% (P < 0.0001) during the year after
switching to SO. These changes were accompanied by an approximate 40% reduction in PB pill burden, from 7.7 to 4.4–
4.9 pills/day during the follow-up year. SO therapy was associated with improved sP levels regardless of the baseline PB
received by patients.

Consistent with the overall population, we found that SO improved sP levels while reducing pill burden in
prespecified analyses of Black/African American and Hispanic/Latino patients, populations at increased risk of end-
stage kidney disease (ESKD) compared with white patients.19,20 In addition to being disproportionately represented in the
ESKD population,21 Black/African American patients have a higher burden of ESKD-related complications, including
secondary hyperparathyroidism and cardiovascular mortality due to elevated sP.21–24 Our findings in this subgroup of
patients are consistent with those of a post hoc analysis of a Phase 3, open-label trial demonstrating that SO achieved sP
control in Black/African American patients with comparable efficacy as sevelamer but offered a lower pill burden.24 The
effectiveness of SO was also confirmed in a prespecified analysis in women, in whom PB use has been previously found
to be an independent predictor of improved survival.25

Table 3 Comparison of Changes in Anemia and Iron Indices and in Anemia Therapies

Parameter Baseline Follow-Up P value

−Q1; ref Q1 Q2 Q3 Q4

Anemia and iron indices
Ferritin (ng/mL) 1009 (12) 1042 (12)b 1094 (12)c 1114 (12)c 1138 (12)c <0.0001
TSAT (%) 33.2 (0.2) 34.8 (0.2)c 35.7 (0.2)c 35.4 (0.2)c 35.4 (0.2)c <0.0001

Hemoglobin (g/dl) 10.91 (0.02) 10.96 (0.02)c 10.92 (0.02) 10.93 (0.02) 10.94 (0.02)a <0.0001

Anti-anemia therapy
IV iron sucrose use (%) 77.7 77.2 73.4b 71.2c 69.4c <0.0001

IV ESA use (%) 85.6 86.2 84.7 83.4a 83.3a <0.0001

Notes: Unless specified, values are presented as least-squares mean (standard error). P values compare summary estimates across time with −Q1 as the reference. Overall
P values were calculated using linear mixed-effects regression (continuous variables) or Cochran’s Q test (categorical variables). aP < 0.05; bP < 0.001; cP < 0.0001 (vs
baseline).
Abbreviations: ESA, erythropoiesis-stimulating agent; IV, intravenous; TSAT, transferrin saturation.
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Given the need for PB regimens to balance phosphate control with convenience, the ability of SO to improve sP while
reducing pill burden—nearly by half in our cohorts—has important clinical implications. High pill burden is a well-
recognized barrier to adherence in hemodialysis patients,8 a population already burdened with a high daily pill intake that
may exceed 20 pills/day.26 A number of studies have shown PB pill burden to correlate inversely with sP control.27,28

A recent Dialysis Outcomes and Practice Patterns Study (DOPPS) analysis of 895 European hemodialysis patients found
that self-reported difficulty, inconvenience, and dissatisfaction in taking PB medication were associated with higher odds
of having sP ≥6 mg/dl.28 Furthermore, nonadherence, difficulty, inconvenience, or dissatisfaction with PB medication
were associated with higher mortality risk. Although the mechanism for this association is unclear, these data reinforce
the importance of considering patient satisfaction with their PB regimens.

In addition to demonstrating the effectiveness of SO in a real-world cohort, the present analysis, when contrasted with
data from our 2014 cohort, provides insight into evolving trends in contemporary management of hemodialysis patients.
Compared with the 2014 cohort of hemodialysis patients switched to SO (n = 530), the present cohort was older (57 vs
55 years of age, respectively) and had been on maintenance dialysis for less time (34 vs 45 months).14 We also observed
changes in baseline PB use (Figure 3A). Ferric citrate, approved in late 2014 for the control of sP levels in dialysis
populations, was being used by more than 6% of the cohort prior to initiation of SO. The relative proportion of patients
switching from sevelamer and lanthanum carbonate to SO was reduced in the present cohort, while switching from
calcium acetate increased slightly. It is particularly notable that 37.9% of patients switching from calcium acetate in the
present analysis had in-range sP compared with 18.5% in the 2014 cohort. These changes may reflect adherence to the
updated 2017 KDIGO recommendation to restrict the dose of calcium-based phosphate binders17 due to concerns that
high doses of calcium-based binders may contribute to hypercalcemia, vascular calcification, and cardiovascular
disease.10,11 Switching patients from calcium acetate to SO may have occurred due to concerns of patients’ calcium

Figure 3 Observations in the 2014 and 2018 cohorts: (A) Baseline PB before switch to SO, (B) Proportion of patients achieving sP ≤5.5 mg/dl, (C) Mean serum phosphorus,
and (D) Mean PB pill burden. aP < 0.0001 vs baseline.
Abbreviations: PB, phosphate binder; SO, sucroferric oxyhydroxide; sP, serum phosphorus.
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intake. Although our findings are consistent with previously reported reductions in calcium-based PB use,29 current data
from DOPPS indicate that more than 40% of US patients receiving PBs are prescribed calcium acetate.30

Patients in the present cohort had lower mean sP on their baseline (ie, non-SO) PB than those in the 2014 cohort
(6.38 mg/dl vs 6.82 mg/dl) (Figure 3C) and were more likely to have sP ≤5.5 mg/dl (27.0% vs 17.7%) (Figure 3B) and
≤4.5 mg/dl (8.4% vs 4.7%).14 Further, this level of control was achieved with a lower baseline pill burden compared with
the 2014 cohort (mean, 7.7 vs 8.5 pills/day). After switching to SO, patients in the contemporary cohort had better sP
control (37.8–45.1% patients with sP ≤5.5 mg/dL vs 24.5–36.4%). Improved sP control appears to be the result of higher
doses of SO in the contemporary cohort (4.4–4.9 vs 4.0–4.3 pills/day in 2014). These data are consistent with previous
reports of dose-dependent improvements in sP levels with SO dose of up to 3000 mg (6 tablets/day)31 and suggest an
increased comfort of prescribers to up-titrate the dose of SO.

Several differences in MBD medications and markers were observed between the historical (ie, 2014) and con-
temporary (ie, 2018) cohorts.14 Compared with the historical cohort, a greater proportion of patients in the contemporary
cohort were receiving oral active vitamin D (63.9% vs 15.7%, respectively) at baseline, whereas the use of IV vitamin
D was considerably lower (23.4% vs 74.2%). These changes likely reflect the updated KDIGO guidelines for the
management of CKD-MBD published in 2017.17 Using data from 2014, we documented significant decreases in
corrected serum calcium levels and numerical increases in iPTH following the switch to SO.14 These changes were
accompanied by an increase in oral calcitriol use and concurrent decrease in IV doxercalciferol use. In contrast, in the
present analysis we document a significant reduction in iPTH during SO treatment. This was accompanied by significant
reductions in corrected calcium levels.

Although small reductions in serum albumin and nPCR were observed during SO treatment, these parameters should
be considered in relation to sP (which decreased with SO).32 As such, these results suggest that initiating SO did not
impair nutritional status. Although the effect of SO on protein handling has not been evaluated, patients taking SO may
be able to increase their dietary intake due to the lower pill burden and consequent impact on appetite relative to
regimens with higher pill burdens.33,34

This analysis provides important insight into the impact of SO therapy on sP control, pill burden, MBD, and
nutritional parameters in a contemporary large population of hemodialysis patients. Given the broad range of patients
and varying baseline sP levels in our cohort, we believe our results to be generalizable to real-world hemodialysis
patients encountered in clinical practice. Further, comparing our findings to those observed in the 2014 cohort provides
useful information regarding trends in the management of the hemodialysis population. However, our findings should be
interpreted in light of the study design, which was retrospective in nature and lacked a comparator group followed over
the same study period. Other limitations include the potential for missing information in the clinical records used for data
extraction and the use of prescription data for assessing pill burden. These data cannot assess adherence or exclude the
possibility that patients obtained their medication through pharmacy services other than those we reviewed. Further, we
cannot determine whether observed changes in outcomes such as calcimimetic use and serum ferritin are attributable to
SO use or the result of increased time on dialysis (ie, dialysis vintage), as previously reported by others.35,36 Additionally,
we did not capture all potentially relevant information, including the clinical rationale for switching to SO, data regarding
safety and tolerability of SO, or nutritional information (eg, dietary phosphorus intake, use of protein supplements).

Conclusion
In conclusion, results from this contemporary cohort of hemodialysis patients support the benefits of SO monotherapy in
reducing sP levels while reducing pill burden. Increasing clinical experience with SO appears to have contributed to
further dose titration and improved sP control than previously reported. Considering increased concerns about higher
doses of calcium-based PBs, SO represents an effective option for hemodialysis patients requiring phosphate-lowering
therapy.
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