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ABSTRACT

Background. Colestilan is a non-absorbed, non-calcium-
based, phosphate binder. It also binds bile acids and reduces
serum levels of low-density lipoprotein cholesterol (LDL-C).
This study evaluated the efficacy of a range of fixed doses of
colestilan compared with placebo for the control of serum
phosphorus and LDL-C levels in patients with CKD stage 5 on
dialysis.
Methods. This was a multicentre, randomized, double-blind,
placebo-controlled, multiple fixed-dose trial in which 642
patients with CKD stage 5 on dialysis who had both hyperpho-
sphataemia and dyslipidaemia, were randomized to treatment
with colestilan 3, 6, 9, 12 or 15 g/day or placebo for 12 weeks.
The co-primary endpoints were the mean changes in serum
phosphorus and the mean per cent change in LDL-C from
baseline to Week 12.
Results. A significantly greater mean reduction in serum
phosphorus level from baseline to Week 12 than seen with
placebo was seen with 9 g (−0.28 mmol/L) and pooled coles-
tilan 12/15 g (−0.34 mmol/L). The per cent reduction in
LDL-C level was significantly greater with colestilan 3, 6 and
9 g and pooled colestilan 12/15 g than with placebo
(reduction ranged from 15.9 to 27.6% dependent on dose).
Colestilan also reduced total cholesterol, oxidized LDL-C,
HbA1c and uric acid levels, and did not increase serum
calcium levels. Colestilan was generally well tolerated; the
most common adverse events affected the gastrointestinal
system.
Conclusions. Colestilan is an effective treatment for hyper-
phosphataemia, and provides beneficial effects on other meta-
bolic parameters associated with cardiovascular risk, notably
LDL-C.

INTRODUCTION

Cardiovascular disease is a leading cause of death in patients
with chronic kidney disease (CKD) [1, 2], and the rate of car-
diovascular morbidity and mortality among dialysis patients is
up to 40-fold higher than in the general population [3]. A
number of factors are thought to be involved in the develop-
ment of cardiovascular disease in patients with CKD, includ-
ing hyperphosphataemia and dyslipidaemia [4].

Elevated serum phosphorus levels are known to be
common in patients with CKD, particularly in those at stage
5, and there is an association between hyperphosphataemia
and increased cardiovascular morbidity and mortality [4–7].
More recent data suggest that the use of phosphate binders is
associated with a reduction in mortality in this group of
patients [8]. The management of hyperphosphataemia in
these patients includes a low phosphate diet and treatment
with phosphate binders, in conjunction with adequate
dialysis [9]. The most widely used phosphate binders are
calcium-based, although they are frequently associated with
hypercalcaemia and vascular calcification [9–11]. The newer,
non-calcium-based phosphate binders, including sevelamer
and lanthanum, may avoid this issue, and clear guidance is
available about when calcium-based binders should not be
used [9, 12].

Dyslipidaemia is a well-established risk factor in the general
population [13]. Although lipid abnormalities are common in
patients with CKD [4, 14], studies on the benefits of reducing
cholesterol levels in dialysis patients have produced conflicting
results [14, 15]. Nonetheless, the SHARP study found that re-
ducing low-density lipoprotein cholesterol (LDL-C) levels
reduced the risk of atherosclerosis in patients with CKD in-
cluding dialysis patients [15].
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Colestilan is a non-metallic phosphate binder that acts as
an anion-exchange resin. Colestilan itself is not absorbed after
oral administration, and it is able to bind dietary phosphate
within the gastrointestinal tract and thus prevent absorption of
the mineral [16]. Initial, Phase II, studies showed that it
reduces serum phosphorus levels in dialysis patients with hy-
perphosphataemia without affecting serum calcium levels [16–
18]. Colestilan also binds to bile acids, leading to a reduction
in serum levels of LDL-C [19], and has been available for the
treatment of hypercholesterolaemia since 1999 in Japan.

Based on the smaller, Phase II studies, colestilan showed
potential as a treatment for hyperphosphataemia in patients
on dialysis, and may also provide beneficial effects on lipid
levels. Additional studies evaluating a wider range of doses, in
a larger number of patients and covering multiple countries
are needed to confirm and expand on these earlier studies.
The aim of this Phase III study was to evaluate the efficacy of a
range of fixed doses of colestilan compared with placebo for
the control of serum phosphorus and LDL-C levels in patients
with CKD stage 5 on dialysis.

MATERIALS AND METHODS

Study participants

The study enrolled patients aged ≥18 years with CKD stage
5 and both hyperphosphataemia and dyslipidaemia. Patients
had to have a serum phosphorus level ≥1.94 mmol/L (6.0 mg/
dL) and a serum LDL-C level ≥1.82 mmol/L (70 mg/dL) after
washout of phosphate binders and lipid-lowering drugs. All
patients were receiving thrice-weekly haemodialysis, daily
automated peritoneal dialysis or continuous ambulatory per-
itoneal dialysis. Patients had to have a baseline dialysis frac-
tional clearance of urea (Kt/V) value (single pool) ≥1.2 for
those on haemodialysis or a weekly Kt/V value ≥1.8 for those
on peritoneal dialysis, a calcium dialysate content of 1.00–
1.75 mmol/L (2–3.5 mEq/L) and to be on a stabilized phos-
phate diet.

Key exclusion criteria included parathyroid hormone
(PTH) level persistently >1000 pg/mL, serum LDL-C >4.94
mmol/L (190 mg/dL), serum triglycerides >6.76 mmol/L (600
mg/dL), serum albumin <30.0 g/L, significant gastrointestinal
abnormalities or liver dysfunction, including liver function
test values three times above normal. During the study,
patients could not receive drugs that could affect phosphorus
or lipid levels, other than study medication.

Study design and procedures

This Phase III, multicentre, randomized, double-blind,
placebo-controlled, multiple fixed-dose trial was conducted in
accordance with the International Conference on Harmonisa-
tion-Good Clinical Practice guidelines, and the Declaration of
Helsinki. The protocol and informed consent form were ap-
proved by the appropriate ethics committee or institutional
review board for each site. All participants gave their written
informed consent. Patients were enrolled from 100 sites in
Hungary, Italy, Poland, Serbia, Macedonia, Ukraine, Russia
and Malaysia.

After an 8-week washout period for lipid-lowering drugs,
which also incorporated a 4-week washout period for phos-
phate binders, patients were randomized to receive colestilan
at a fixed dose of 3, 6, 9, 12 or 15 g/day, or matching placebo,
for 12 weeks. Randomization was performed according to a
computer-generated central randomization code, which was
designed within countries to ensure that each site enrolled
approximately equal numbers of patients in each treatment
group. Patients were randomized in blocks of 25 per country,
with each block comprising four patients on each of the five
active colestilan group, three patients on placebo 9 tablets and
one patient each on placebo 12 and 15 tablets.

Study medication was split into three daily doses, taken
with meals. Patients in the three lower dose groups and the
corresponding placebo group all took nine tablets per day,
comprising active and/or placebo tablets. Patients in the 12
and 15 g groups, and the corresponding placebo groups, re-
ceived 12 or 15 tablets. The two high-dose groups were
handled separately to the lower dose groups because of the
potential impact on treatment compliance of such a large
number of tablets per day, and to avoid subjecting all patients
to such a regimen.

Study parameters

The co-primary endpoints were the mean change in serum
phosphorus and the mean per cent change in serum LDL-C
from baseline to Week 12 (or last observation carried forward,
LOCF). Secondary efficacy endpoints included mean change
from baseline to Week 12 for serum calcium, iPTH and LDL
particle size; mean per cent change from baseline to Week 12
for serum total cholesterol, high-density lipoprotein choles-
terol (HDL-C), triglycerides, lipoprotein(a) and oxidized LDL.
The proportion of responders was also evaluated. Safety par-
ameters included adverse events, vital signs and laboratory
values. Serum uric acid, C-reactive protein, glycosylated hae-
moglobin A1c (HbA1c) and vitamins B12, A, E, K and folic
acid were also measured. Compliance with treatment was also
assessed, with compliance defined as taking 80–120% of the
study medication.

Statistical analyses

Assuming a 10% dropout rate, a maximum of 54 patients
per group were needed to demonstrate a difference in change
(or % change) between colestilan and placebo of ≥0.4 mmol/L
(1.2 mg/dL) for phosphorus and ≥30% for LDL-C, with 90%
power and a significance level of 5% (divided into α = 0.04 for
the analysis of phosphorus and α = 0.01 for LDL-C). However,
an overall target of 625 patients was set, in order to obtain
additional safety information. Since a strong dose–response
was expected, the type I error rate was divided within each par-
ameter to give different P-values for the analysis of 3, 6 and 9
g (α = 0.03 for phosphorus and α = 0.0075 for LDL-C) and the
analysis of 12/15 g (α = 0.01 for phosphorus and α = 0.0025
for LDL-C). The analyses were designed such that the 12 and
15 g groups were pooled for analysis in order to help limit the
number of patients required, as the inclusion/exclusion criteria
were expected to impact heavily on recruitment for the study.
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Analyses compared the pooled 12/15 g group with pooled data
for placebo 9, 12 and 15 tablets.

For the analysis of change in serum phosphorus and per
cent change in serum LDL-C, a closed testing procedure was
used to compare colestilan 3, 6 and 9 g with the placebo nine-
tablet group, with comparison of lower doses only occurring if
the difference at the dose above was significant. The pooled
12/15 g group was compared with pooled placebo (9, 12 and
15 tablets). The primary endpoints were tested using analysis
of covariance (ANCOVA), with treatment and pooled country
as factors and baseline value as a covariate, all of which were
prespecified. Country was used as a stratification level in the
randomization and therefore was included in the statistical
analysis model as a factor. To ensure the number of subjects
per country sufficient for the analysis model, data from small
countries were pooled. This process was identified in the stat-
istical analysis plan and the actual pooling was agreed at a
blind data review meeting prior to database lock. The mean
changes (least squares mean change), and differences in the
mean changes between colestilan and placebo were calculated,
with 95% confidence intervals (CIs). Secondary efficacy par-
ameters were analysed using the same ANCOVA model. The
primary efficacy analyses used the intent-to-treat population.

RESULTS

A total of 642 patients were randomized. The disposition of
patients is summarized in Figure 1. Three patients were ex-
cluded from analysis because they did not receive medication
or had no post-baseline efficacy data; therefore, the safety
analysis population comprised 639 patients. Eight patients
(one each in the colestilan 6 and 9 g groups, and two each in
the colestilan 12 and 15 g and placebo nine-tablet groups)
were excluded from the ITT population because of missing
post-baseline serum phosphorus or LDL-C values, meaning
that this population comprised 631 patients.

Baseline demographic and clinical characteristics were
similar across groups (Table 1). The majority of patients were
receiving haemodialysis. Baseline mean Kt/V was in the range
1.37–1.49 across groups, and there were no notable changes in
the adequacy of dialysis during the study. Almost all patients
had been receiving a phosphate binder before the study and
11.4% of patients had been receiving lipid-modifying therapy,
most commonly a statin.

Overall, 88–90% of patients in the colestilan 3, 6 and 9 g
groups were compliant with study treatment (versus 91% of
the placebo nine-tablet group). The rate of compliance in the
12 and 15 g groups was 84 and 74.5%, respectively (versus
91.5% in the pooled placebo group).

Calcium and phosphorus metabolism

The mean serum phosphorus levels during the study are
shown in Figure 2. During the phosphate binder washout
period, the mean phosphorus level increased from 1.75 mmol/
L (5.4 mg/dL) to 2.35 mmol/L (7.3 mg/dL). After randomiz-
ation, serum phosphorus decreased from baseline in all

colestilan groups from Week 1 onwards, with a dose-depen-
dent pattern evident for the 3, 6 and 9 g groups.

ANCOVA showed that colestilan 9 g was associated with a
significantly greater mean reduction in serum phosphorus
level from baseline to Week 12 than seen in the placebo nine-
tablet group (co-primary endpoint; Table 2). The difference
between colestilan 6 g and placebo reached a level of signifi-
cance according to more orthodox P-values but did not reach
a level of significance when multiplicity was taken into con-
sideration and therefore statistical comparison of 3 g with
placebo was not performed. The mean reduction in serum
phosphorus in the pooled colestilan 12/15 g group was signifi-
cantly greater than in the pooled placebo group (Table 2). In a
per-protocol analysis, the reduction in serum phosphorus level
with colestilan 6 g did reach a level of significance [difference
in the mean change between colestilan 6 g and placebo −0.22
mmol/L (−0.67 mg/dL), P = 0.015].

The proportion of responders [defined as serum phos-
phorus ≤1.78 mol/L (5.5 mg/dL)] was significantly greater in
the pooled colestilan 12/15 g group than the pooled placebo
group (odds ratio 2.15, P = 0.007). There were no significant
differences at lower doses using the prespecified criteria. The
median time to first response was 4 weeks in the colestilan 12/
15 and 9 g groups. In a prespecified subgroup analysis,
patients with a baseline serum phosphorus level ≥2.42 mmol/
L (7.5 mg/dL; n = 279) experienced a greater reduction in the
mean serum phosphorus level at Week 12 than those with a
baseline level <2.42 mmol/L (Figure 3).

There were no significant differences between colestilan
and placebo for the mean change in serum calcium or iPTH
levels (Table 4). Calcium levels fell during the phosphate
binder washout phase and were then relatively stable during
the treatment period, remaining below the mean level re-
corded prior to the phosphate binder washout phase
(Figure 4).

Lipid metabolism

The mean serum LDL-C levels during the study are shown
in Figure 5. The mean level increased during the lipid-lowering
drug washout period, from 2.2 mmol/L (87 mg/dL) to 2.9
mmol/L (111 mg/dL). Reductions from baseline in serum
LDL-C levels were seen in all colestilan groups at all post-ran-
domization visits. The mean per cent reductions in serum
LDL-C levels at Week 12 followed a dose-dependent pattern in
the colestilan 3, 6, 9 and 12 g groups.

As shown in Table 3, the mean per cent reduction in LDL-
C level at Week 12 was significantly greater with colestilan 3, 6
and 9 g than in the placebo nine-tablet group, and signifi-
cantly greater with pooled colestilan 12/15 g than with pooled
placebo. Thus, this co-primary endpoint was reached.

The proportion of responders [defined as LDL-C <1.83
mmol/L (70 mg/dL)] was significantly greater in all colestilan
groups than in the corresponding placebo groups, with odds
ratios ranging from 6.22 for 3 g (P = 0.003) to 40.06 for 9 g
(P < 0.001). A prespecified subgroup analysis found that the
mean per cent reduction in LDL-C was greater in patients with
a baseline serum LDL-C level ≥2.59 mmol/L (100 mg/dL)
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than in those with a baseline serum LDL-C <2.59 mmol/L
(Figure 6).

At Week 12, the mean per cent reductions in total cholesterol
and in oxidized LDL were significantly greater with colestilan 3,
6, 9 g and pooled 12/15 g than with placebo (Table 4). There
were no significant differences between colestilan and placebo
for the mean per cent change in serum HDL-C, triglycerides or
lipoprotein(a), or for mean change in LDL particle size (Table 4).

Other efficacy endpoints

At Week 12, colestilan 6, 9 g and pooled 12/15 g were
associated with significant reductions in HbA1c compared
with placebo, while uric acid levels decreased significantly in
all colestilan groups compared with placebo (Table 5). There
were no significant differences between groups for serum C-re-
active protein.

A post hoc subgroup analysis suggested that the effect of co-
lestilan on HbA1c was greater in patients with higher baseline
HbA1c levels. In those with a baseline HbA1c ≥7.0% (range
8.03–10.60% across treatment groups; n = 65), colestilan was
associated with reductions in HbA1c of −0.36% (12 g) to
−1.38% (15 g), compared with an increase in the placebo groups
(0.25% for placebo nine-tablet, 0.13% for pooled placebo). In
contrast, among patients with a baseline HbA1c <7.0% (range
5.48–5.66%; n = 566), colestilan reduced HbA1c by only−0.01%
(6 g) to −0.17% (12 g), compared with an increase of 0.08% for
the placebo nine-tablet group and 0.06% for pooled placebo.

Analyses of efficacy parameters using the per-protocol
population were generally consistent with those in the intent-
to-treat population.

Safety parameters

Treatment-emergent adverse events were reported by
43.1 (6 g) to 58.4% (15 g) of the colestilan groups compared
with 46.8 and 51.5% of the placebo nine-tablet and pooled
placebo groups. Adverse events were generally mild or mod-
erate in severity. Overall, the most frequently reported
adverse events were gastrointestinal, and included nausea,
vomiting, dyspepsia and diarrhoea (Table 6). Nausea and
vomiting were the only adverse events reported by >10% of
patients in any of the colestilan groups, and both showed a
possible relationship with dose (Table 6). Three patients
experienced gastrointestinal bleeding events (one in the co-
lestilan 12 g group and two in the colestilan 15 g groups).
Two were considered to be probably related to study medi-
cation and one as not related; all three recovered without
sequelae.

Serious adverse events were reported by 1.0 (6 g) to 6.9%
(12 g) of the colestilan groups compared with 5.1 and 6.1% of
the placebo groups, and adverse events led to treatment
discontinuation in 1.0 (3 g) to 12.7% (15 g) of colestilan reci-
pients compared with 2.5 and 3.0% of the placebo groups.
Analysis of laboratory parameters did not reveal any issues of
concern. There were no clinically significant differences
between the colestilan and placebo groups for other safety
variables, including blood pressure, heart rate and weight.
The mean values for vitamins E, A and folic acid decreased
during the study in a dose-dependent manner, although
levels generally remained within the reference range (see
Supplementary data). Vitamins K and B12 also tended to
decrease, but there was no clear dose-dependency (see
Supplementary data).

F IGURE 1 : Patient disposition.
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Table 1: Demographic and clinical characteristics

Parameter COL 3 g
(n = 104)

COL 6 g
(n = 102)

COL 9 g
(n = 98)

Placebo 9
tablets
(n = 79)

COL 12 g
(n = 102)

COL 15 g
(n = 101)

Placebo 9/12/15
tablets pooled
(n = 132)

Total
(n = 639)a

Age (years)

Mean (SD) 49.9 (12.20) 48.7 (14.64) 47.3 (12.55) 47.9 (12.83) 49.5 (12.41) 50.7 (11.34) 48.5 (12.54) 49.1 (12.65)

Male, n (%) 56 (53.8) 48 (47.1) 50 (51.0) 47 (59.5) 54 (52.9) 55 (54.5) 77 (58.3) 340 (53.2)

Female, n (%) 48 (46.2) 54 (52.9) 48 (49.0) 32 (40.5) 48 (47.1) 46 (45.5) 55 (41.7) 299 (46.8)

Race, n (%)

Caucasian 88 (84.6) 86 (84.3) 82 (83.7) 66 (83.5) 85 (83.3) 86 (85.1) 111 (84) 538 (84.2)

Asian 14 (13.5) 15 (14.7) 14 (14.3) 12 (15.2) 14 (13.7) 13 (12.9) 18 (13.6) 88 (13.8)

Black 0 0 0 0 1 (1.0) 0 0 1 (0.2)

Other 2 (1.9) 1 (1.0) 2 (2.0) 1 (1.3) 2 (2.0) 2 (2.0) 3 (2.3) 12 (1.9)

BMI (kg/m2)

Mean (SD) 25.4 (4.40) 25.1 (4.38) 25.6 (4.37) 25.4 (4.67) 25.8 (4.33) 26.6 (4.39) 25.8 (4.63) 25.7 (4.44)

Most common CKD aetiology, n (%)

Glomerular
kidney disease

40 (38.5) 36 (35.3) 38 (38.8) 31 (39.2) 35 (34.3) 39 (38.6) 58 (43.9) 246 (38.5)

Diabetic
glomerulosclerosis

7 (6.7) 9 (8.8) 9 (9.2) 9 (11.4) 12 (11.8) 12 (11.9) 13 (9.8) 62 (9.7)

Cystic diseases 7 (6.7) 11 (10.8) 9 (9.2) 9 (11.4) 12 (11.8) 10 (9.9) 14 (10.6) 63 (9.9)

Vascular diseases 12 (11.5) 10 (9.8) 7 (7.1) 4 (5.1) 8 (7.8) 12 (11.9) 6 (4.5) 55 (8.6)

Time since CKD diagnosis (years)

Mean (SD) 5.29 (4.43) 4.58 (4.09) 4.28 (3.69) 5.54 (4.54) 5.23 (4.35) 4.80 (3.92) 5.31 (4.17) 4.94 (4.12)

Dialysis, n (%)

Haemodialysis 95 (91.3) 95 (94.1) 95 (97.9) 73 (94.8) 91 (91.0) 96 (97.0) 124 (95.4) –

Peritoneal dialysis 9 (8.7) 6 (5.9) 2 (2.1) 4 (5.2) 9 (9.0) 3 (3.0) 6 (4.6) –

Serum P, n (%)

<2.42 mmol/L
(7.5 mg/dL)

58 (55.8) 57 (55.9) 50 (51.0) 43 (54.4) 67 (65.7) 51 (50.5) 76 (57.6) 359 (56.2)

≥2.42 mmol/L
(7.5 mg/dL)

46 (44.2) 45 (44.1) 48 (49.0) 36 (45.6) 35 (34.3) 50 (49.5) 56 (42.4) 280 (43.8)
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DISCUSSION

Colestilan is an anion-exchange resin that binds phosphate
and bile acids in the gastrointestinal tract [16, 19]. It has been
available in Japan for some years for the treatment of hyperch-
olesterolaemia and familial hypercholesterolaemia. More re-
cently, a clinical development programme of studies has been
undertaken with colestilan as a non-calcium-containing phos-
phate binder for the treatment of hyperphosphataemia in
patients with CKD stage 5 on dialysis. The current study de-
monstrates that colestilan reduces serum phosphorus and
LDL-C levels (co-primary endpoints) significantly, over a
range of doses, in dialysis patients who have both hyperpho-
sphataemia and dyslipidaemia. Reductions were seen in both
parameters as early as 1 week after commencing colestilan
treatment.

The treatment of hyperphosphataemia is critical in patients
with CKD. Chronic elevation of phosphorus levels can lead to
secondary hyperparathyroidism and vascular calcification, and
an association between hyperphosphataemia and increased
morbidity and death has been demonstrated [4–7, 10, 20, 21].
Observational data from DOPPS suggest that the use of phos-
phate binders is associated with a reduced risk of mortality in
dialysis patients [8], and a small randomized study has found
a survival benefit with sevelamer compared with a calcium-
based phosphate binder in non-dialysis CKD patients [22].
Many CKD patients on dialysis, despite receiving treatment,
demonstrate elevated serum phosphorus levels [23]. Thus,
guidelines do recommend further efforts to reduce serum
phosphorus levels towards 1.13–1.78 mmol/L (3.5–5.5 mg/dL)
in dialysis patients, to reduce the risk of subsequent morbidity
[9, 12].

Short-term studies of colestilan in haemodialysis patients
with hyperphosphataemia have been reported previously. In
one study, colestilan 6 and 9 g/day reduced the mean serum
phosphorus levels to a significantly greater extent than seen
with placebo over a 3-week period [18]; in the other, colestilan
6 g per day reduced serum phosphorus significantly more
than seen with placebo after 2 weeks [16]. Thus, initial short-
term studies of colestilan in haemodialysis patients with hy-
perphosphataemia have confirmed that colestilan at 6–9 g/day
significantly reduces the mean serum phosphorus levels over a
2–3-week period.

In the current study, the mean reduction in serum phos-
phorus level after 12 weeks was significantly greater with co-
lestilan at doses of 9 g/day or above than with placebo. The
reduction in phosphorus seen with colestilan 6 g, although
being at a level of significance that would normally be con-
sidered meaningful, due to the nature of the statistical analy-
sis of this dual endpoint study, it cannot be considered
significant in the intent-to-treat analysis. However, this was
significant in the per-protocol analysis, and the reduction
achieved at this dose was clinically relevant. In addition, a
responder analysis found that, compared with placebo reci-
pients, a significantly greater proportion of patients treated
with colestilan 12/15 g achieved a serum phosphorus level
of ≤1.78 mmol/L (5.5 mg/dL). Of note, patients with aSe
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higher baseline serum phosphorus level appeared to have a
greater phosphorus reduction than those with a lower base-
line level, which is consistent with findings from an earlier
study [18].

Calcium-based phosphate binders can lead to an elevated
serum calcium level, with an associated increase in the risk of
vascular calcification [10, 11, 21]. In the current study, colesti-
lan reduced serum phosphorus levels without modifying iPTH
or calcium levels. Furthermore, during the study treatment
period, serum calcium levels remained below those seen when
patients were on pre-study phosphate binders, most of which
were calcium-based.

Dyslipidaemia is common in patients with CKD [4, 14],
and in dialysis patients, it is generally characterized by high
triglyceride levels, low HDL-C levels and normal LDL-C
levels, although one report noted that 55.7% of haemodialysis
patients and 73.2% of peritoneal dialysis patients had an LDL-
C ≥2.59 mmol/L (100 mg/dL) [4]. Although the 4D and
AURORA studies failed to demonstrate that lowering LDL-C
levels with a statin had a beneficial effect on cardiovascular
outcomes in haemodialysis patients [24, 25]; more recently,
the SHARP study found that treatment with simvastatin plus
ezetimibe reduced the risk of atherosclerotic events in CKD
patients, including those on dialysis [15]. The K/DOQI

F IGURE 2 : Mean serum phosphorus levels with colestilan (MCI-196) and placebo.

Table 2: Analysis of mean change in serum phosphorus level at Week 12

Placebo 9
tablets
(n = 77)

COL 9 g
(n = 97)

COL 6 g
(n = 101)

COL 3 ga

(n = 104)
Placebo 9/12/
15 tablets
pooled
(n = 130)

Pooled COL
12 + 15 g
(n = 199)

Mean
changeb

(mmol/L)

−0.07 −0.28 −0.23 −0.09 −0.06 −0.34

Difference
between
meansb

−0.21 −0.17 −0.02 −0.28

95% CIb −0.37, −0.05 −0.32, −0.01 −0.17, 0.13 −0.39, −0.18

P-valueb,c 0.009 0.036 0.785 <0.001
aFormal statistical comparison of colestilan 3 g with placebo (closed testing procedure) was not performed.
bANCOVA on change from baseline to Week 12 (LOCF), with treatment and pooled country as factors and baseline value as a covariate.
Difference between means for colestilan – placebo.
cα = 0.03 for colestilan 3, 6, 9 g versus placebo 9 tablets (closed procedure). α = 0.01 for colestilan 12/15 g (pooled) versus pooled placebo.
COL: colestilan; PL: placebo.
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guidelines for managing dyslipidaemias in CKD indicate that
patients with stage 5 disease have a risk equivalent to that of
coronary heart disease, and LDL-C should be reduced to
<2.59 mmol/L (100 mg/dL) [4]. This recommendation is
based on the Adult Treatment Panel III guidelines, an update
of which includes an optional goal of <1.83 mmol/L (70 mg/
dL) for high-risk patients [26].

In the current study, serum LDL-C level decreased with all
doses of colestilan, whereas it increased in the placebo groups.
At 12 weeks, the mean per cent reduction was significantly
greater with all doses of colestilan compared with placebo.
Furthermore, significantly more patients in each of the colesti-
lan groups achieved an LDL-C level of <1.83 mmol/L (70 mg/
dL) compared with the placebo groups. Colestilan was also

F IGURE 3 : Mean change in serum phosphorus by baseline phosphorus level.

Table 3. Analysis of mean per cent change in serum LDL-C level at Week 12

Placebo 9
tablets
(n = 77)

COL 9 g
(n = 97)

COL 6 g
(n = 101)

COL 3 g
(n = 104)

Placebo 9/
12/15
tablets
pooled
(n = 130)

Pooled COL
12 + 15 g
(n = 199)

Mean
changea (%)

1.86 −27.61 −23.60 −15.91 4.09 −27.62

Difference
between
meansa

−29.47 −25.46 −17.77 −31.71

95% CIa −35.44, −23.51 −31.25, −19.66 −23.54, −12.00 −36.53 −26.89

P-valuea,b <0.001 <0.001 <0.001 <0.001
aANCOVA on change from baseline to Week 12 (LOCF), with treatment and pooled country as factors and baseline value as a covariate.
Difference between means for colestilan–placebo.
bα = 0.0075 for colestilan 3, 6, 9 g versus placebo nine tablets (closed procedure). α = 0.0025 for colestilan 12/15 g (pooled) versus pooled
placebo.
COL, colestilan; PL, placebo.

O
R
IG

IN
A
L
A
R
T
IC

L
E

E v a l u a t i o n o f c o l e s t i l a n i n C K D d i a l y s i s p a t i e n t s

1881

Downloaded from https://academic.oup.com/ndt/article-abstract/28/7/1874/1859270
by guest
on 28 July 2018



Table 4: Changes in secondary efficacy parameters (serum levels) at Week 12

Placebo
9 tablets
(n = 77)

COL 9 g (n = 97) COL 6 g (n = 101) COL 3 g (n = 104) Placebo 9/12/
15 tablets
pooled
(n = 130)

Pooled COL
12 + 15 g (n = 199)

Calcium (mmol/L)

Mean changea −0.04 −0.05 −0.01 −0.02 −0.01 −0.02

Differencea (95% CI) −0.01 (−0.05, 0.04) 0.03 (−0.01, 0.08) 0.02 (−0.02, 0.07) 0.00 (−0.04, 0.03)

P-valueb 0.816 0.174 0.380 0.863

Intact PTH (pmol/L)

Mean changea 4.36 −2.71 2.19 5.98 4.41 0.68

Differencea (95% CI) −7.07 (−17.01, 2.88) −2.17 (−11.81, 7.46) 1.62 (−7.96, 11.20) −3.73 (−10.70, 3.23)

P-value* 0.163 0.658 0.740 0.293

TC (mmol/L)

Mean change (%)a 2.56 −20.17 −15.30 −9.68 4.26 −20.34

Differencea (95% CI) −22.73 (−26.98, −18.48) −17.87 (−21.99, −13.74) −12.25 (−16.36, −8.13) −24.60 (−28.06, −21.15)

P-valueb <0.001 <0.001 <0.001 <0.001

HDL-C (mmol/L)

Mean change (%)a 1.31 1.56 2.84 −0.56 1.70 −1.29

Differencea (95% CI) 0.25 (−5.66, 6.17) 1.53 (−4.21, 7.27) −1.87 (−7.60, 3.86) −2.99 (−7.53, 1.54)

P-valueb 0.933 0.600 0.522 0.195

TG (mmol/L)

Mean change (%)a 9.21 6.41 8.73 11.76 10.27 3.14

Differencea (95% CI) −2.80 (−15.82, 10.23) −0.48 (−13.13, 12.17) 2.55 (−10.06, 15.16) −7.12 (−16.27, 2.03)

P-valueb 0.673 0.941 0.691 0.126

LDL-C particle size

Mean changea 0.00 −0.01 −0.01 −0.01 0.00 −0.01

Differencea (95% CI) 0.00 (−0.01, 0.00) 0.00 (−0.01, 0.01) −0.01 (−0.01, 0.00) 0.00 (−0.01, 0.00)

P-valueb 0.341 0.740 0.218 0.526

Lipoprotein(a) (nmol/L)

Mean change (%)a 4.49 0.97 −5.54 28.08 4.25 −2.27
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associated with significant reductions in total cholesterol level
and oxidized LDL, but significant changes were not seen in
other lipid parameters. Patients with higher baseline levels of
LDL-C experienced the greatest reductions in LDL-C.

The effect of colestilan on several other metabolic par-
ameters was also evaluated. Specifically, colestilan reduced
HbA1c and uric acid levels significantly compared with
placebo. In line with the findings for serum phosphorus and
LDL-C, patients with a higher baseline HbA1c derived the
greatest benefit from colestilan treatment. Both diabetes and
hyperuricaemia have been associated with an increased risk of
cardiovascular events in some, although not all, studies in
patients with CKD stage 5 [27–30], and the ability to improve
glycaemic control and uric acid levels in dialysis patients with
diabetes or hyperuricaemia could potentially be an additional
benefit of colestilan.

Lipid and glucose homoeostasis are inter-related
through several metabolic pathways, including bile acid-
activated nuclear hormone receptor signalling pathways
[31]. By altering the effects of various nuclear receptors,
bile acid sequestrants such as colestilan can lead to im-
proved glycaemic control, in addition to their lipid-lower-
ing effects [31]. The mechanism by which colestilan
reduces uric acid levels is not known. Possibilities to con-
sider include reduced protein intake, weight loss, in-
creased excretion or binding of uric acid [32]. Dietary
protein was not assessed in the current study, but there
were no differences in blood urea nitrogen levels between
the colestilan and placebo groups. There were also no
notable differences in weight or in the adequacy of dialy-
sis between groups.

Patients with CKD stage 5 often have to take multiple
medications and it was possible that compliance could have
been an issue in the study, given the number of tablets that
had to be taken, particularly in the two highest dose groups.
However, overall compliancy rates were high in the 3, 6 and 9
g groups, although they were slightly lower in the 12 and 15 g
groups.

Colestilan was generally well tolerated in this study, with
most adverse events being of mild or moderate severity. The
most common adverse events were gastrointestinal, which is to
be expected with an oral agent that is not absorbed. Nausea
and vomiting were the most frequently reported events. Coles-
tilan has the potential to bind to fat-soluble vitamins in the
gastrointestinal tract and reduce their absorption. Vitamins A,
D and E have large reserves in the body, but vitamin K could
potentially be prone to depletion. In the current study, levels
of vitamins A, E (α-tocopherol) and K tended to decrease, but
evidence of some dose-dependency was seen only for vitamins
A and E.

In conclusion, colestilan is effective at reducing serum
phosphorus and LDL-C levels in patients with CKD stage 5 on
dialysis who have hyperphosphataemia and dyslipidaemia,
and is generally well tolerated. Colestilan reduces phosphorus
without increasing serum calcium levels. It also reduces total
cholesterol, oxidized LDL, HbA1c and uric acid levels. These
findings suggest that colestilan is an effective treatment for hy-
perphosphataemia, and has additional beneficial effects on
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F IGURE 5 : Mean serum LDL-C levels with colestilan (MCI-196) and placebo.

F IGURE 4 : Mean serum calcium levels with colestilan (MCI-196) and placebo.

F IGURE 6 : Mean percent change in serum LDL-C by baseline LDL-C level.
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Table 5: Changes in additional pre-specified efficacy parameters (serum levels) at Week 12

Placebo 9
tablets
(n = 77)

COL 9 g (n = 97) COL 6 g (n = 101) COL 3 g (n = 104) Placebo 9/12/
15 tablets
pooled
(n = 130)

Pooled COL 12 + 15 g
(n = 199)

HbA1c (% total Hb)

Mean changea 0.06 −0.14 −0.15 −0.08 0.08 −0.19

Difference
between meansa

(95% CI)

−0.21 (−0.38, −0.04) −0.21 (−0.38, −0.05) −0.15 (−0.31, 0.02) −0.27 (−0.40, −0.13)

P-valueb 0.014 0.011 0.078 <0.001

Uric acid (μmol/L)

Mean changea 4.81 −32.36 −26.10 −13.19 5.18 −40.85

Difference
between meansa

(95% CI)

−37.17 (−54.93, −19.42) −30.91 (−48.14, −13.68) −18.00 (−35.10, −0.89) −46.02 (−61.32, −30.73)

P-valueb <0.001 <0.001 0.039 <0.001

CRP (mg/L)

Mean changea 0.04 −1.94 −2.13 −1.47 −0.72 −0.27

Difference
between meansa

(95% CI)

−1.98 (−4.44, 0.48) −2.17 (−4.59, 0.25) −1.51 (−3.89, 0.88) 0.45 (−2.13, 3.03)

P-valueb 0.114 0.078 0.214 0.731
aANCOVA on change from baseline to Week 12 (LOCF), with treatment and pooled country as factors and baseline value as a covariate. Difference between means for colestilan–placebo.
bα = 0.05 for colestilan 3, 6, 9 g versus placebo nine tablets and for 12/15 g (pooled) versus pooled placebo.
CRP, C-reactive protein; HbA1c, glycosylated haemoglobin.
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other metabolic parameters associated with cardiovascular
risk, notably LDL-C.

SUPPLEMENTARY DATA

Supplementary data are available online at http://ndt.
oxfordjournals.org.
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Table 6: Treatment-emergent adverse events experienced by ≥5% of patients in any group

COL 3 g
(n = 104)

COL 6 g
(n = 102)

COL 9 g
(n = 98)

Placebo
9 tablets
(n = 79)

COL 12
g
(n = 102)

COL 15
g
(n = 101)

Placebo
9/12/15
tablets
pooled
(n = 132)

Overall
(n = 639)

All TEAEs, n
(%)

49 (47.1) 44 (43.1) 49 (50.0) 37 (46.8) 55 (53.9) 59 (58.4) 68 (51.5) 324 (50.7)

Nausea 4 (3.8) 9 (8.8) 12 (12.2) 0 20 (19.6) 20 (19.8) 0 65 (10.2)

Vomiting 2 (1.9) 4 (3.9) 8 (8.2) 2 (2.5) 12 (11.8) 6 (5.9) 2 (1.5) 34 (5.3)

Dyspepsia 4 (3.8) 8 (7.8) 7 (7.1) 1 (1.3) 5 (4.9) 9 (8.9) 1 (0.8) 34 (5.3)

Diarrhoea 5 (4.8) 5 (4.9) 6 (6.1) 5 (6.3) 4 (3.9) 5 (5.0) 7 (5.3) 32 (5.0)

Hypertension 3 (2.9) 6 (5.9) 7 (7.1) 1 (1.3) 2 (2.0) 5 (5.0) 4 (3.0) 27 (4.2)

Abdominal
distension

0 3 (2.9) 2 (2.0) 1 (1.3) 7 (6.9) 6 (5.9) 4 (3.0) 22 (3.4)

Hypocalcaemia 2 (1.9) 2 (2.0) 3 (3.1) 2 (2.5) 6 (5.9) 2 (2.0) 3 (2.3) 18 (2.8)

Constipation 3 (2.9) 1 (1.0) 6 (6.1) 0 0 5 (5.0) 2 (1.5) 17 (2.7)

Abdominal
pain upper

1 (1.0) 3 (2.9) 0 1 (1.3) 3 (2.9) 6 (5.9) 2 (1.5) 15 (2.3)

Decreased
appetite

2 (1.9) 1 (1.0) 1 (1.0) 0 6 (5.9) 4 (4.0) 1 (0.8) 15 (2.3)

COL, colestilan; TEAE, treatment-emergent adverse event.
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ABSTRACT

Background. The extent to which anemia management is
facilitated by more frequent hemodialysis (HD) is controver-
sial. We hypothesized as a preselected outcome that patients
receiving HD six times (6×) compared with three times (3×)
per week would require lower doses of erythropoietin-

stimulating agents (ESA) and/or achieve higher blood hemo-
globin (Hb) concentrations.
Methods. Subjects enrolled in the Frequent Hemodialysis
Network (FHN) daily and nocturnal trials were studied. As the
primary outcome for anemia, the dose of ESAs was recorded
at 4-month intervals and the monthly dose of intravenous iron
(IV Fe) was reported. Serum iron, transferrin saturation and
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