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Abstract
Background  Hyperphosphatemia is associated with increased morbidity and mortality in patients with end-stage 
kidney disease (ESKD). Whereas clinical and observational studies have demonstrated the effectiveness of sucroferric 
oxyhydroxide (SO) in controlling serum phosphorus (sP) in ESKD, data on the real-world impact of switching to SO in 
patients on peritoneal dialysis (PD) are limited. In this retrospective database analysis, we examine the impact of SO 
on sP management over a 1-year period among PD patients prescribed SO as part of routine clinical care.

Methods  We analyzed de-identified data from adults on PD in Fresenius Kidney Care clinics who were prescribed SO 
monotherapy between May 2018 and December 2019 as part of routine clinical management. Changes from baseline 
in sP levels, phosphate binder (PB) pill burden, and laboratory parameters were evaluated during the four consecutive 
91-day intervals of SO treatment.

Results  The mean age of the 402 patients who completed 1 year of SO was 55.2 years at baseline, and they had been 
on PD for an average of 19.9 months. SO was initiated with no baseline PB recorded in 36.1% of patients, whereas 
the remaining 257 patients were switched to SO from sevelamer (39.7%), calcium acetate (30.4%), lanthanum (1.2%), 
ferric citrate (14.0%), or more than one PB (14.8%). Mean sP at baseline was 6.26 mg/dL. After being prescribed SO, 
the percentage of patients achieving sP ≤ 5.5 mg/dL increased from 32.1% (baseline) to 46.5–54.0% during the 1-year 
follow-up, whereas the mean number of PB pills taken per day decreased from 7.7 at baseline (among patients 
on a baseline PB) to 4.6 to 5.4. Serum phosphorus and PB pill burden decreased regardless of changes in residual 
kidney function over the 12-month period. Similar results were observed for the full cohort (976 patients who either 
completed or discontinued SO during the 1-year follow-up).

Conclusions  Patients on PD who were prescribed SO as part of routine care for phosphorus management 
experienced significant reductions in SP and PB pills per day and improvements in sP target achievement, suggesting 
the effectiveness of SO on SP management with a concurrent reduction in pill burden.
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Background
The use of peritoneal dialysis (PD) in patients with end-
stage kidney disease (ESKD) is increasing in the United 
States and in many countries throughout the world [1, 
2]. Phosphorus metabolism is frequently disrupted in 
patients with ESKD, leading to hyperphosphatemia, 
which can result in cardiovascular and bone complica-
tions and increased mortality [3].

Longitudinal data from the Peritoneal Dialysis Out-
comes and Practice Patterns Study (PDOPPS), an inter-
national prospective cohort study of 5487 patients on 
PD, reported that 37% of patients had serum phosphorus 
(sP) > 5.5 mg/dL and 67% had sP > 4.5 mg/dL [4]. In this 
study, higher sP levels were a strong predictor of all-cause 
mortality and cardiovascular morbidity, with adjusted 
hazard ratios for all-cause mortality of 1.53 (95% confi-
dence interval [CI], 1.14–2.05) and 1.19 (95% CI, 0.92–
2.05) for patients with baseline sP of ≥ 6.5  mg/dL and 
5.5 to < 6.5  mg/dL, respectively (relative to baseline sP 
of ≥ 3.5 to ≤ 4.5 mg/dL). To mitigate these risks, current 
Kidney Disease: Improving Global Outcomes (KDIGO) 
guidelines recommend targeting sP levels toward the 
normal range in patients with kidney disease through 
dietary modification, dialysis intensification, and/or the 
use of phosphate binders (PBs) [5].

Although patients receiving PD often have higher levels 
of residual kidney function [6] and generally have lower 
sP levels than patients receiving hemodialysis [7–9], 
treatment with oral PBs is frequently indicated [4]. PBs 
account for approximately half the pill burden in patients 
on maintenance dialysis, which frequently exceeds 20 
pills per day [10]. As such, PBs that effectively reduce sP 
with a lower pill burden, minimal side effects, and a lower 
cost may be preferred by clinicians and patients alike.

Clinical and observational studies have shown the 
effectiveness of the iron-based, non-calcium, chewable 
PB, sucroferric oxyhydroxide (SO; VELPHORO®, Fre-
senius Medical Care Renal Therapies Group, Waltham, 
MA, USA) in controlling sP in patients with ESKD on PD 
[11–13]. A real-world retrospective analysis of patients 
with PD prescribed SO for 6 months demonstrated an 
association between SO initiation and lower sP, improved 
sP target achievement, and reduced PB pill burden [12]. 
In this retrospective analysis, we aimed to examine 
changes in sP and PB pill burden over a 1-year period in 
patients on PD initiating SO, after either no recorded use 
of PB or switching from another PB.

Methods
Data source and study population
To conduct this retrospective analysis, we extracted de-
identified medical records and prescription data from 
the Fresenius Kidney Care (FKC) clinical data ware-
house and the FreseniusRx pharmacy database. Adult 
FKC patients aged 18 years and older who dialyzed 
with PD and received SO monotherapy between May 
2018 and December 2019 as part of their routine care 
were included in the analysis. To be eligible for inclu-
sion, patients must have had sP results available from the 
3 months before SO therapy was initiated (full cohort). 
Patients who received uninterrupted SO prescriptions 
(i.e., no gaps in SO prescriptions of more than 45 con-
tinuous days) for at least 1 year made up the completers 
cohort. Observation periods were defined in consecu-
tive 91-day quarterly (Q) intervals, including a baseline 
period (3 months before the SO prescription; –Q1) and 
four consecutive intervals of SO treatment during the 
follow-up period (Q1–Q4). This study was reviewed by 
an independent review board (New England Independent 
Review Board (NEIRB)/WCG IRB, Needham, MA, USA), 
and was granted an exempt status determination under 
the common rule and applicable guidance because of its 
purely observational nature and use of only de-identified 
data.

Data assessments
Patient-level demographic characteristics, including age, 
sex, race, ethnicity, dialysis vintage, primary cause of kid-
ney failure, prevalence of comorbidities, PB use, and PD 
modality (i.e., continuous ambulatory PD [CAPD], auto-
mated PD [APD], or a mix between both) were evaluated 
at baseline. Clinical and laboratory parameters evaluated 
included serum mineral and bone disorder (MBD) mark-
ers (phosphorus, calcium, intact parathyroid hormone 
[iPTH]), nutritional and dialytic clearance parameters 
(serum albumin, phosphorus-attuned albumin, normal-
ized protein catabolic rate [nPCR], PD Kt/V, and dialysis 
Kt/V). Phosphorus-attuned albumin was calculated by 
dividing serum albumin by sP [12]. Corrected serum cal-
cium was calculated using Orrell’s formula to account for 
albumin binding [14]. Laboratory tests were conducted 
monthly, except for iPTH, which was measured quarterly 
per standard practice at FKC facilities, and analyzed at a 
central laboratory (Spectra Laboratories, Rockleigh, NJ, 
USA).

Renal urea clearance (as a measure of residual kidney 
function [Kru]) was assessed, and changes in categorical 
Kru (no Kru; Kru ≤3 mL/min; Kru >3 mL/min) across the 

Keywords  Sucroferric oxyhydroxide, Peritoneal dialysis, Phosphate binder, Pill burden, Hyperphosphatemia, 
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study period were categorized into three groups: those 
with no Kru during the entire study period, those whose 
Kru decreased from baseline to Q4, and those whose Kru 
did not change from baseline to Q4. Reductions in Kru 
from baseline to Q4 were further calculated by the val-
ues of Kru and categorized by the magnitude of decrease 
(≤ 1 mL/min, 1–3 mL/min, and > 3 mL/min). The use of 
ESKD-related medications, including PB binders, cina-
calcet, and vitamin D, were evaluated quarterly, as was 
the proportion of patients below the upper sP limit of 
5.5 mg/dL (per National Kidney Foundation Kidney Dis-
ease Outcomes Quality Initiative [NKF KDOQI] recom-
mendations) and below 4.5  mg/dL (based on KDIGO 
guidelines).

Statistical analysis
Baseline characteristics are presented as the mean (stan-
dard deviation [SD]) for continuous variables and as 
the number of patients with percentages for categori-
cal variables. Quarterly arithmetic means for continu-
ous data were calculated, and the overall significance 
tests were conducted using mixed-effects linear regres-
sion. Cochran’s Q test was used to evaluate the statisti-
cal significance of differences in categorical variables 
over time. Two-tailed P values < 0.05 were considered 
statistically significant. Most analyses were conducted 
for both the completers cohort and full cohort, with data 
after patients discontinued SO or switched to hemodialy-
sis being censored in the full cohort. Subgroup analyses 
defined by Kru changes were performed only for the com-
pleters cohort; this was because of challenges in defining 
Kru changes among patients who discontinued SO, as a 
result of significant loss to follow-up toward the end of 
the study. Analyses performed for the completers cohort 
are considered the main analyses and are the primary 
focus of the results sections. An additional analysis was 
conducted in another group of PD patients who were 

prescribed non-SO monotherapy (sevelamer, calcium 
acetate, lanthanum carbonate, or ferric citrate) between 
May 2018 and December 2019 and followed up for one 
year with the same binder.

All analyses were conducted with SAS (SAS Enterprise 
Guide 8.3; SAS Institute Inc., Cary, NC, USA).

Results
Demographics and patient characteristics
Of the 982 patients prescribed SO monotherapy, 6 
patients had a missing sP assessment at baseline, leaving 
976 patients in the full cohort. A total of 574 patients dis-
continued SO or switched to hemodialysis before the end 
of the 1-year follow-up, leaving 402 patients in the main 
analysis set (completers cohort; Fig. 1).

Demographic and baseline characteristics of the com-
pleters cohort are shown in Table 1. The mean (SD) age 
was 55.2 (12.9) years and the mean (SD) dialysis vintage 
was 19.9 (29.5) months. Women accounted for 43.3% of 
the analysis population. Most patients (60.4%) were white 
and 13.4% were Hispanic. Diabetes was the most com-
mon cause of kidney failure, accounting for 40% of cases. 
More than one-third of patients (36.1%) did not have 
recorded use of a PB at baseline, although the use of over-
the-counter PBs cannot be excluded. Among patients 
who had recorded use of a PB at baseline, sevelamer was 
the most prescribed (39.7%), followed by calcium acetate 
(30.4%) and ferric citrate (14.0%). More than three-quar-
ters of patients (77.9%) were receiving APD at baseline.

The baseline characteristics of the full cohort (Table 1) 
were generally similar to those reported for the com-
pleters cohort. Relative to the completers cohort, slightly 
higher rates of comorbidities (diabetes: 48.3% vs. 45.5%; 
heart failure: 7.5% vs. 4.7%) and prior PB use at baseline 
(67.9% vs. 63.9%) were observed in the full cohort.

Fig. 1  Patient disposition. *Included patients who left the country (n = 5), transferred to a non-FMC facility (n = 31), or died (n = 82). PD, peritoneal dialysis; 
SO, sucroferric oxyhydroxide; BL, baseline; sP, serum phosphorus; PB, phosphate binder; FMC = Fresenius Medical Care
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Changes in serum phosphorus and pill burden
At baseline, the mean (SD) sP among patients in the com-
pleters cohort was 6.3 (1.4), and 32.1% of patients had 
sP ≤ 5.5  mg/dL prior to initiating SO. Fewer than 7% of 
patients had baseline sP levels of ≤ 4.5 mg/dL. After start-
ing SO, mean sP significantly decreased throughout the 
1-year follow-up period (P < 0.0001), reaching a nadir 
of 5.6 (1.4) in Q2 (P < 0.0001; Fig.  2). The percentage of 
patients achieving sP ≤ 5.5 mg/dL was 46.5% in Q1, 54.0% 
in Q2, 51.4% in Q3, and 49.4% in Q4 (P < 0.0001 vs. base-
line for all comparisons). The proportions of patients 
achieving the more stringent target of sP ≤ 4.5  mg/
dL were 13.4%, 19.9%, 17.7%, and 15.7%, respectively 

(P < 0.001 for Q1 and P < 0.0001 for Q2–Q4 vs. baseline; 
Fig. 2).

At baseline, among those patients receiving a PB 
prior to SO, the mean (SD) daily PB pill burden was 7.7 
(3.9). Daily PB pill burden was significantly lower while 
patients were on SO, ranging from 4.6 (1.6) pills/day in 
Q1 to 5.4 (2.1) pills/day in Q4 (P < 0.0001; Fig. 2).

Changes in serum phosphorus and pill burden by residual 
kidney function
Those patients in the completers cohort with no residual 
kidney function throughout the study period had the 
highest baseline sP (6.8 mg/dL) despite a PB pill burden 
(among those receiving a PB) of more than 10 pills per 
day. Overall, Kru decreased from 3.99 mL/min to 3.37 
mL/min over the 1-year follow-up period (P < 0.0001; 
Table 2). Among patients in the completers cohort, 6.7% 
had a Kru of 0 mL/min throughout the study, whereas 
64.4% exhibited no change in Kru category and 28.9% 
demonstrated reductions in Kru category. Among those 
with reductions in Kru, the magnitude of reduction was 
most commonly 1 to 3 mL/min during the follow-up 
period. Significant reductions in sP and PB pill burden 
were observed at each follow-up period across each of 
the main Kru subgroups (Table 3).

Other chronic kidney disease–mineral and bone disorder 
parameters
Over the 1-year follow-up period, statistically significant 
decreases from baseline in calcium (a mean decrease 
of up to 0.13  mg/dL in Q4; P < 0.0001 overall) and cor-
rected calcium (a mean decrease of 0.13  mg/dL in Q4; 
P < 0.0001) were observed in the completers cohort. 
Numerical increases in mean iPTH level were observed 
but these changes were not statistically significant over-
all. The percentage of patients with reported cinacalcet 
use progressively increased from 18.2% at baseline to 
30.6% at Q4 (P < 0.0001). Small but significant increases 
in the proportion of patients using oral active vitamin 
D were observed over the follow-up period (P = 0.0002). 
A detailed presentation of these parameters is included 
within Table 2.

Nutritional and clearance parameters
Following the initiation of SO, mean serum albumin lev-
els decreased from 3.67 (baseline) to 3.59 g/dL at Q3 and 
Q4 (P < 0.0001 overall) in the completers cohort. After 
adjustment of albumin levels for phosphorus concentra-
tions (i.e., phosphorus-attuned albumin level), SO initia-
tion was associated with mean increases of 0.05 × 103 to 
0.07 × 103 (P < 0.0001 overall). Dietary protein intake, as 
assessed by nPCR, and overall PD Kt/V remained con-
sistent throughout the follow-up period. Dialysis ade-
quacy increased progressively during follow-up, whereas 

Table 1  Baseline characteristics of the study population: 
completers cohort and full cohort
Characteristic Completers Cohort 

(N = 402)
Full 
Cohort 
(N = 976)

Age, yr, mean ± SD 55.2 ± 12.9 54.8 ± 13.6
Dialysis vintage, months, mean ± SD 19.9 ± 29.5 20.2 ± 26.5
Female, n (%) 174 (43.3) 434 (44.5)
Race, n (%)
  White 243 (60.4) 575 (58.9)
  Black/African American 112 (27.9) 233 (23.9)
  Other 17 (4.2) 42 (4.3)
  Unknown 30 (7.5) 126 (12.9)
Hispanic/Latino, n (%) 54 (13.4) 107 (11.0)
Primary cause of kidney failure, n (%)
  Diabetes mellitus 161 (40.0) 417 (42.7)
  Hypertension 141 (35.1) 284 (29.1)
  Glomerulonephritis 46 (11.4) 118 (12.1)
  Polycystic kidney 14 (3.5) 43 (4.4)
  Other 40 (10.0) 114 (11.7)
Comorbidities, n (%)
  Diabetes mellitus 183 (45.5) 471 (48.3)
  Congestive heart failure 19 (4.7) 73 (7.5)
Phosphate binder at baseline, n (%)
  No PB recorded 145 (36.1) 313 (32.1)
  PB recorded 257 (63.9) 663 (67.9)
    Sevelamer 102 (39.7) 285 (43.0)
    Calcium acetate 78 (30.4) 178 (26.8)
    Lanthanum carbonate 3 (1.2) 15 (2.3)
    Ferric citrate 36 (14.0) 84 (12.7)
    > 1 PB recorded 38 (14.8)a 101 (15.2)c

PD modality, n (%)
  CAPD 48 (11.9) 113 (11.6)
  APD 313 (77.9) 778 (79.7)
  Switched between CAPD and APD 41 (10.2)b 85 (8.7)d

aAmong these patients, 23 (61%) patients received monotherapy; bAmong 41 
patients, 37 (90%) patients switched from CAPD to APD and 4 (10%) switched 
from APD to CAPD; cAmong these patients, 61 (60%) patients received 
monotherapy; dAmong 85 patients, 76 (89%) patients switched from CAPD 
to APD and 9 (11%) switched from APD to CAPD. SD, standard deviation; PB, 
phosphate binder; PD, peritoneal dialysis; CAPD, continuous ambulatory 
peritoneal dialysis; APD, automated peritoneal dialysis
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residual kidney function (assessed by Kru) progressively 
deteriorated (P < 0.0001 for both; Table 2).

Full cohort analysis
Relative to the completers cohort, the full cohort had a 
higher mean baseline sP (6.45 vs. 6.26  mg/dL), lower 
mean baseline serum calcium (8.90 vs. 8.99  mg/dL), 

higher mean baseline iPTH (480 vs. 448 pg/mL), and 
lower Kru (3.56 vs. 3.99 mL/min). Nonetheless, the inclu-
sion of patients who discontinued SO or switched to 
hemodialysis during the 12-month follow-up period 
did not appear to impact the effects associated with 
SO treatment. Significant reductions in sP and signifi-
cant increases in the proportion of patients achieving 

Table 2  Comparison of quarterly changes in clinical parameters and CKD-MBD medication use among completers cohort
Parameters Baseline Follow-up P-value

–1Q; ref (n = 402) Q1 (n = 402) Q2 (n = 402) Q3 (n = 401) Q4 (n = 401)
CKD-MBD biochemical markers
  sP, mg/dL 6.26 ± 1.39 5.80 ± 1.36 5.64 ± 1.37 5.73 ± 1.38 5.79 ± 1.41 < 0.0001
  sP ≤ 5.5 mg/dL, % 32.1 46.5 54.0 51.4 49.4 < 0.0001
  sP ≤ 4.5 mg/dL, % 6.5 13.4 19.9 17.7 15.7 < 0.0001
  Calcium, mg/dL 8.99 ± 0.68 8.92 ± 0.65 8.91 ± 0.63 8.87 ± 0.67 8.86 ± 0.68 < 0.0001
  Corrected calcium, mg/dL 9.52 ± 0.68 9.46 ± 0.64 9.44 ± 0.63 9.41 ± 0.66 9.39 ± 0.68 < 0.0001
  iPTH, pg/mL 448 ± 359 477 ± 372 480 ± 369 480 ± 338 478 ± 353 0.14
CKD-MBD medications
  PB pills/daya 7.7 ± 3.9 4.6 ± 1.6 5.1 ± 2.0 5.3 ± 2.1 5.4 ± 2.1 < 0.0001
  Cinacalcet use, % 18.2 22.9 26.4 28.9 30.6 < 0.0001
  Oral active vitamin D use, % 58.0 61.7 65.7 65.4 62.2 0.0002
Nutritional and clearance parameters
  Serum albumin, g/dL 3.67 ± 0.40 3.63 ± 0.39 3.62 ± 0.38 3.59 ± 0.40 3.59 ± 0.40 < 0.0001
  Phosphorus-attuned albumin, × 10³ 0.62 ± 0.16 0.67 ± 0.17 0.69 ± 0.172 0.67 ± 0.17 0.67 ± 0.17 < 0.0001
  nPCR, g/kg/day 1.07 ± 0.28 1.07 ± 0.28 1.05 ± 0.29 1.05 ± 0.32 1.04 ± 0.28 0.13
  PD Kt/V, dialysis + Kru 2.26 ± 0.90 2.26 ± 0.62 2.21 ± 0.59 2.19 ± 0.62 2.19 ± 0.55 0.17
  Dialysis Kt/V 1.39 ± 0.42 1.42 ± 0.50 1.42 ± 0.38 1.47 ± 0.57 1.48 ± 0.49 < 0.0001
  Kru, mL/min 3.99 ± 5.53 3.79 ± 2.57 3.75 ± 2.79 3.41 ± 2.82 3.37 ± 2.74 < 0.0001
Values are presented as arithmetic mean ± SD for continuous variables. Sample sizes are for patients with available sP measurements

CKD-MBD, chronic kidney disease–mineral and bone disorder; Q, quarter; sP, serum phosphorus; iPTH, intact parathyroid hormone; PB, phosphate binder; nPCR, 
normalized protein catabolic rate; PD, peritoneal dialysis; Kru, residual kidney function

Fig. 2  sP levels, proportion of patients achieving in-range sP, and daily PB pill burden during study period among completers cohort. *P < 0.05; **P < 0.001; 
***P < 0.0001 (vs. baseline). aPill burden calculated for patients with non–sucroferric oxyhydroxide PB recorded at baseline. Q, quarter; SD, standard devia-
tion; sP, serum phosphorus; PB, phosphate binder
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prespecified sP cutoffs were observed during follow-
up (Table 4). As observed in the completers cohort, SO 
treatment was also associated with significant reductions 
in daily PB pill burden, significant increases in phospho-
rus-attuned albumin, and significant increases in ade-
quacy of dialysis as assessed by dialysis Kt/V. Increases 
in cinacalcet use were also observed across the follow-up 
period.

Non-SO cohort analysis
Across FKC, a total of 2561 PD patients had a baseline 
sP greater than 5.5 mg/dL and were initiated on non-SO 
monotherapy between May 2018 and December 2019 
and continued monotherapy with the same PB for at least 
one year. As detailed in supplemental Table 1, both SO 
and non-SO initiation were associated with reductions 

in sP, but patients prescribed SO monotherapy exhibited 
greater absolute reductions in sP.

Discussion
In this real-world retrospective cohort study, PD patients 
prescribed SO as part of routine clinical care over a 1-year 
period experienced significant reductions in sP and PB 
pills per day, and increases in the percentage of patients 
who achieved sP ≤ 5.5 mg/dL or sP ≤ 4.5 mg/dL, suggest-
ing improved sP management with a concurrent reduc-
tion in pill burden. These findings are consistent with 
our observations in a smaller cohort of patients on PD in 
2014–2015 and the results of previous studies in patients 
on PD or hemodialysis [11–13, 15, 16]. Compared to our 
previous real-world analysis of SO initiation in patients 
on PD in 2014–2015, patients in the completers cohort of 
the current study were older (55.2 vs. 50.6 years) but were 

Table 3  sP levels and pill burden in subgroups defined by Kru changes from baseline to 12 months (Q4) and magnitude of those 
change (completers cohort)
Parameter Baseline Follow-up P-value

–1Q; ref Q1 Q2 Q3 Q4
No Kruduring study period (n = 27)
PB pills/daya 10.2 ± 4.8 4.7 ± 1.5 5.0 ± 1.5 5.2 ± 1.6 5.3 ± 1.8 < 0.0001
sP, mg/dL 6.83 ± 1.63 6.44 ± 1.44 5.95 ± 1.77 6.08 ± 1.60 5.88 ± 1.49 < 0.0001
sP ≤ 5.5 mg/dL, % 22.2 22.2 48.1 40.7 48.1 0.006
sP ≤ 4.5 mg/dL, % 7.4 7.4 25.9 14.8 11.1 0.04
Kruno change from BL to Q4 (n = 259)
PB pills/daya 7.1 ± 3.5 4.4 ± 1.7 4.9 ± 2.0 5.1 ± 2.1 5.2 ± 2.2 < 0.0001
sP, mg/dL 6.08 ± 1.27 5.62 ± 1.30 5.43 ± 1.26 5.53 ± 1.19 5.57 ± 1.19 < 0.0001
sP ≤ 5.5 mg/dL, % 35.5 51.4 60.2 57.1 53.3 < 0.0001
sP ≤ 4.5 mg/dL, % 6.9 16.2 23.9 18.9 18.1 < 0.0001
Krudecreased from BL to Q4 (n = 116)
PB pills/daya 8.2 ± 4.0 4.9 ± 1.7 5.5 ± 2.1 5.7 ± 2.0 5.8 ± 2.0 < 0.0001
sP, mg/dL 6.51 ± 1.53 6.05 ± 1.40 6.05 ± 1.41 6.10 ± 1.64 6.26 ± 1.71 < 0.0001
sP ≤ 5.5 mg/dL, % 26.7 41.4 41.4 40.9 40.9 0.01
sP ≤ 4.5 mg/dL, % 5.2 8.6 9.5 15.7 11.3 0.06
Krudecreased by ≤ 1 mL/min from BL to Q4 (n = 25)
  PB pills/daya 9.3 ± 5.8 4.8 ± 1.6 5.5 ± 2.2 5.9 ± 2.3 5.9 ± 2.2 < 0.0001
  sP, mg/dL 7.38 ± 1.65 6.31 ± 1.30 6.09 ± 1.53 5.99 ± 1.27 6.26 ± 1.63 < 0.0001
  sP ≤ 5.5 mg/dL, % 12.0 32.0 48.0 33.3 41.7 0.005
  sP ≤ 4.5 mg/dL, % 4.0 4.0 12.0 12.5 12.5 0.62
Krudecreased by 1–3 mL/min from BL to Q4 (n = 54)
  PB pills/daya 7.6 ± 2.6 4.8 ± 1.7 5.5 ± 2.3 5.7 ± 2.1 5.7 ± 2.0 < 0.0001
  sP, mg/dL 6.45 ± 1.48 6.02 ± 1.21 5.95 ± 1.15 5.95 ± 1.47 6.07 ± 1.52 0.009
  sP ≤ 5.5 mg/dL, % 20.4 35.2 33.3 40.7 37.0 0.09
  sP ≤ 4.5 mg/dL, % 5.6 7.4 9.3 16.7 14.8 0.17
Krudecreased by > 3 mL/min from BL to Q4 (n = 37)
  PB pills/daya 7.8 ± 3.4 5.1 ± 1.7 5.2 ± 1.6 5.6 ± 1.6 5.8 ± 1.9 < 0.0001
  sP, mg/dL 6.00 ± 1.28 5.92 ± 1.70 6.18 ± 1.69 6.38 ± 2.04 6.53 ± 2.00 0.0001
  sP ≤ 5.5 mg/dL, % 45.9 56.8 48.6 45.9 45.9 0.69
  sP ≤ 4.5 mg/dL, % 5.4 13.5 8.1 16.2 5.4 0.26
Values are presented as arithmetic mean ± SD for continuous variables
aPill burden calculated for patients with non-SO PB recorded at BL. Categorical Kru was used to define the trend from BL to Q4: 0, no Kru; 1, Kru ≤3 mL/min; 2, Kru >3 
mL/min; values of Kru were used to calculate the magnitude. sP, serum phosphorus; Kru, residual kidney function; Q, quarter; PB, phosphate binder; BL, baseline; SD, 
standard deviation; SO, sucroferric oxyhydroxide
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newer to dialysis (19.9 vs. 29.3 months) and had lower sP 
at baseline (6.26 vs. 6.59 mg/dL). In the prior study, the 
proportion of patients achieving ≤ 5.5 mg/dL increased by 
72% from baseline to 6 months (vs. 68% in the completers 
cohort of the present analysis at Q2) and the prescribed 
number of PB pills per day decreased by 57% (vs. 34% in 
the present analysis at Q2) [12]. These benefits were sus-
tained through the end of the 1-year follow-up period in 
the present study. Of note, in the present study, patients 
received slightly higher mean doses of SO at 6 months 
(5.1 vs. 4.9 pills/day) and doses were further titrated at 1 
year (5.4 pills/day). Similar data were observed in the full 
cohort that included patients who discontinued SO prior 
to the end of the 1-year follow-up period.

Non-adherence to PBs is a common problem among 
patients on dialysis, reported in 36–62% of patients on 
dialysis [10, 17]. High pill burden is a well-known barrier 
to adherence in patients on dialysis, and evidence sug-
gests that PB pill burden is inversely correlated with sP 
control [18–20]. A recent study in patients on hemodi-
alysis found that inconvenience, difficulty, and dissatis-
faction with PB medication were associated with poorer 
sP control (≥ 6  mg/dL) and a higher mortality risk [18], 
emphasizing the need to consider patient preference and 
satisfaction when selecting PB regimens.

Although the present study does not provide outcomes 
data, prior evidence has demonstrated that longer dura-
tions of sP control were independently associated with 
reduced mortality—a 3.2% decrease in risk for each 

additional month of sP control and a 38.1% decrease in 
risk for each additional year of sP control [21]. In that 
same study, a longer duration of sP control was also inde-
pendently associated with lower rates of PD withdrawal. 
Together, these data reinforce the importance of PB regi-
mens and the need to consider factors that may affect 
adherence and persistence in patients on PD.

Residual kidney function is a key factor impact-
ing phosphate clearance and balance in patients on PD 
[6, 22] and can influence the perceived efficacy of PB. 
Reductions in Kru have been significantly correlated 
with increases in sP [23]. In the present analysis, overall, 
Kru among patients continuing SO for 1 year decreased 
from 3.99 mL/min at baseline to 3.37 mL/min at 1 year. 
A corresponding increase in dialysis Kt/V was also docu-
mented, suggesting clinicians adjusted PD prescriptions 
to compensate for decreasing kidney function. Patients 
whose Kru did not change during the treatment period 
attained the greatest levels of sP control with the lowest 
sP (5.57  mg/dL) and the highest percentage of patients 
reaching sP targets (≤ 5.5  mg/dL: 53.3%; ≤4.5  mg/dL: 
18.1% ). These patients were also prescribed the fewest 
PB pills per day at Q4 (5.2 pills/day). In contrast, patients 
whose Kru decreased by > 3 mL/min had the highest sP 
at Q4 (6.53 mg/dL), compared to subgroups with smaller 
Kru decreases. These data suggest the need for increased 
attention to PB dose titration in patients with the most 
rapid decreases in residual kidney function. They also 
support the potential importance of efforts to maintain 

Table 4  Comparison of quarterly changes in clinical parameters and CKD-MBD medication use among full cohort
Parameters Baseline Follow-up P-value

–1Q; ref (n = 976) Q1 (n = 960) Q2 (n = 740) Q3 (n = 604) Q4 (n = 485)
CKD-MBD biochemical markers
  sP, mg/dL 6.45 ± 1.43 6.18 ± 1.61 5.95 ± 1.55 5.90 ± 1.46 5.89 ± 1.47 < 0.0001
  sP ≤ 5.5 mg/dL, % 26.2 38.5 45.9 45.4 46.2 < 0.0001
  sP ≤ 4.5 mg/dL, % 4.2 10.8 16.5 15.9 15.3 < 0.0001
  Calcium, mg/dL 8.90 ± 0.70 8.85 ± 0.68 8.84 ± 0.68 8.84 ± 0.67 8.85 ± 0.68 < 0.0001
  Corrected calcium, mg/dL 9.44 ± 0.69 9.39 ± 0.68 9.38 ± 0.67 9.38 ± 0.67 9.38 ± 0.68 < 0.0001
  iPTH, pg/mL 480 ± 381 505 ± 371 494 ± 376 501 ± 384 493 ± 373 0.12
CKD-MBD medications
  PB pills/daya 7.6 ± 3.8 4.5 ± 1.7 5.0 ± 1.9 5.2 ± 2.0 5.3 ± 2.1 < 0.0001
  Cinacalcet use, % 19.8 23.9 26.0 27.4 29.2 < 0.0001
  Oral active vitamin D use, % 57.0 60.6 64.0 64.5 62.5 0.0001
Nutritional and clearance parameters
  Serum albumin, g/dL 3.60 ± 0.42 3.56 ± 0.42 3.55 ± 0.44 3.54 ± 0.44 3.56 ± 0.42 < 0.0001
  Phosphorus-attuned albumin, × 10³ 0.59 ± 0.15 0.63 ± 0.18 0.65 ± 0.18 0.65 ± 0.18 0.65 ± 0.17 < 0.0001
  nPCR, g/kg/day 1.04 ± 0.26 1.05 ± 0.27 1.04 ± 0.30 1.03 ± 0.31 1.03 ± 0.27 0.04
  PD Kt/V, dialysis + Kru 2.20 ± 0.78 2.20 ± 0.58 2.19 ± 0.60 2.18 ± 0.62 2.17 ± 0.53 0.35
  Dialysis Kt/V 1.42 ± 0.57 1.43 ± 0.47 1.43 ± 0.43 1.48 ± 0.56 1.48 ± 0.48 < 0.0001
  Kru, mL/min 3.56 ± 4.05 3.50 ± 2.61 3.56 ± 2.74 3.37 ± 2.79 3.31 ± 2.71 < 0.0001
Values are presented as arithmetic mean ± SD for continuous variables. Sample sizes are for patients with available sP measurements. aPill burden calculated 
for patients with non-SO PB recorded at baseline. CKD-MBD, chronic kidney disease–mineral and bone disorder; Q, quarter; sP, serum phosphorus; iPTH, intact 
parathyroid hormone; PB, phosphate binder; nPCR, normalized protein catabolic rate; PD, peritoneal dialysis; Kru, residual kidney function; SO, sucroferric 
oxyhydroxide; SD, standard deviation
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residual kidney function and individualizing PD prescrip-
tions to optimize phosphate management [22].

Typically, the management of phosphate levels in ESKD 
requires balancing the need to maintain or increase 
dietary protein intake while trying to avoid high levels of 
hyperphosphatemia [24]. In this study, increases in lev-
els of phosphorus-attuned albumin in the context of no 
changes in nPCR suggest that SO reduced sP without 
adverse changes in nutritional status. It has been sug-
gested that dietary intake may improve with SO vs. other 
binders, given the impact of regimens with higher pill 
burdens on appetite [16]. A recent pilot clinical prac-
tice study documented similar increases in phosphorus-
attuned albumin but did not find any significant changes 
in patient-reported appetite or dietary intake among PD 
patients initiating SO [13].

This real-world evaluation of patients who switched 
to SO also found changes in multiple markers of MBD 
and MBD-related medications over the 1-year observa-
tion period. Serum levels of calcium and corrected cal-
cium declined, a finding that may be explained, at least 
in part, by the discontinuation of calcium acetate in 
approximately 20% of patients at baseline. A non-sig-
nificant increase in serum iPTH was also noted, despite 
an increase in the use of cinacalcet and oral active vita-
min D. Together, these MBD-related findings may reflect 
the progression of hyperparathyroidism rather than the 
direct effects of SO.

Although this analysis provides important insight into 
the impact of SO therapy on hyperphosphatemia, pill 
burden, and MBD parameters in PD patients, it does 
have some limitations, including its retrospective study 
design and lack of a comparator group. The absence of 
information regarding the clinical rationale for switch-
ing to SO and/or reasons for discontinuation of other 
PBs hinders our ability to fully characterize the patient 
population receiving SO in clinical practice. Information 
on the safety and tolerability of SO and patient adher-
ence with prescribed therapy are also lacking. Database 
analyses are also limited by the difficulty in determining 
whether changes in certain outcomes are related to the 
use of SO or sP control or could be attributed to increas-
ing dialysis vintage and worsening underlying condition. 
It is also not possible to exclude the possibility that nutri-
tional changes and/or alterations in other medications, 
including the observed increase in cinacalcet usage, 
contributed to observed changes in sP. Finally, although 
we present preliminary data examining sP reductions 
observed among patients initiated on non-SO PBs, it is 
inappropriate to draw comparative conclusions regarding 
the efficacy of different PBs.

Conclusions
Results from this retrospective observational study dem-
onstrate that patients on PD prescribed SO as part of 
routine care over a 1-year period experienced significant 
reductions in sP and PB pill burden and increased attain-
ment of target sP levels, suggesting that SO improved sP 
management while reducing medication burden in PD. 
In combination with prior studies, these data suggest 
that initiating SO in PD patients with hyperphospha-
temia may allow for increased phosphorus control with 
reduced pill burden and maintained or improved nutri-
tional status.
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