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Abstract

Background: Control of serum phosphate over the long
term is essential in patients with end-stage renal disease.
Six-month and 2-year extensions to a 6-month study
evaluated the long-term safety, tolerability and efficacy
of the new phosphate binder lanthanum carbonate.
Methods: Patients who participated in a 6-month, ran-
domized trial comparing lanthanum carbonate with cal-
cium carbonate were eligible for a 24-week, open-label
extension. Lanthanum carbonate-treated patients con-
tinued taking their established maintenance dose (‘con-
tinued-lanthanum group’) and calcium carbonate-treat-
ed patients switched to lanthanum carbonate, 375-3,000
mg/day (‘switch group’). Patients could also enter a fur-
ther 2-year extension. Efficacy parameters, including se-
rum phosphate, were monitored. Results: Mean serum
phosphate was ~1.80 mmol/lI throughout the trial. The
percentage of patients with controlled serum phosphate
(=1.80 mmol/l) after the 6-month extension was 63.3 and

58.4% in the continued-lanthanum and switch groups,
respectively; after the 2-year extension, 54.4% of patients
had controlled serum phosphate. After discontinuation
of calcium carbonate and initiation of lanthanum carbon-
ate, the hypercalcemia incidence was 2.7%, compared
with 20.2% during the double-blind phase. Calcium X
phosphate product was maintained at an acceptable lev-
el. Lanthanum carbonate was well tolerated; adverse
events were mild/moderate and mainly gastrointestinal.
Conclusions: Lanthanum carbonate maintains effective-
ness with continued tolerability for up to 3 years.
Copyright © 2006 S. Karger AG, Basel

Introduction

Elevated serum phosphate is a common complication
of end-stage renal disease (ESRD), affecting up to 70% of
dialysis patients, despite dietary restrictions and the use
of phosphate-binding agents [1]. The clinical consequenc-
es of hyperphosphatemia are well documented and in-
clude cardiovascular and other metastatic calcifications,
secondary hyperparathyroidism and renal bone disease
[2-4]. High serum phosphate in patients with ESRD in-
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evitably leads to deposition of the excess as calcium phos-
phate in soft tissues. In addition, phosphate has more
recently been implicated as an instigator of an active pro-
cess of metastatic calcification, whereby vascular smooth
muscle cells are converted to osteoblast-like calcifying
cells [5]. Clearly, phosphate control is an important issue
in the treatment of patients with ESRD.

Calcification of the vasculature occurs in more than
50% of dialysis patients [6, 7] and may contribute to the
high cardiovascular mortality rate observed in this patient
population [8]. Indeed, calcification of the cardiac valves
is known to be a powerful predictor of mortality and car-
diovascular death in patients undergoing long-term dialy-
sis [9]. The incidence and severity of calcification have
been shown to increase with the duration of ESRD [10].
As patients with ESRD often remain on dialysis for many
years, phosphate binders that both maintain control of
serum phosphate over the long term, and are well toler-
ated, are an essential part of efforts to tackle the burden
of cardiovascular disease in patients with ESRD.

Traditionally, aluminium- and calcium-based phos-
phate binders have been the mainstay of treatment for
hyperphosphatemia. Both of these types of phosphate
binder have demonstrated efficacy in the short term; how-
ever, neither are recommended for long-term use. Alu-
minium, although highly potent, is recommended as a
short-term ‘rescue’ therapy only, as numerous safety con-
cerns restrict its use in the long term [11]. The long-term
use of calcium-based agents has been associated with cal-
cification and oversuppression of parathyroid hormone
(PTH) [12], although their use in nonhypercalcemic pa-
tients at doses up to 1,500 mg/day elemental calcium is
recommended in guidelines issued by the National Kid-
ney Foundation in the USA [13].

It was hoped that sevelamer hydrochloride, a nonalu-
minium-, noncalcium-based synthetic polymer, would
represent a suitable alternative agent to the traditional
treatment options. Sevelamer has shown similar efficacy
to that of calcium-based agents in a number of random-
ized short- and longer-term clinical trials [14, 15], al-
though a more recent short-term study has shown calcium
acetate to be more effective [16]. In addition, the potency
of sevelamer does not match that of aluminium [17].

Lanthanum carbonate (FOSRENOL®, Shire Pharma-
ceuticals) is a nonaluminium, noncalcium phosphate
binder that binds dietary phosphate at a clinically relevant
pH range. It has demonstrated potency similar to that of
aluminium in the pre-clinical setting [17], but lacks alu-
minium-like toxicity in bone [18-20]. Lanthanum is poor-
ly absorbed from the intestinal tract, with peak steady-
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state plasma concentrations in dialysis patients of approx-
imately 1 ng/ml. As the absorbed fraction is not cleared
by the kidneys but by the enterohepatic biliary route, plas-
ma exposure and pharmacokinetics of lanthanum are sim-
ilar in healthy individuals and patients with ESRD [21].
Bone and liver have been shown to be sites of tissue de-
position of lanthanum; however, absolute concentrations
are low because of the poor absorption of lanthanum and
have not been associated with toxicity [21, 22]. In animals,
the central nervous system (CNS) was not a site of tissue
deposition for lanthanum, and long-term studies demon-
strated that lanthanum carbonate has no CNS toxicity [21,
22]. Studies suggesting more widespread tissue deposition
of lanthanum in animals involved administration of the
drug in a powdered diet [23], and consequently may have
been complicated by inhalation of drug particles and sam-
ple contamination [24].

In a 6-month, randomized, open-label, parallel-group
trial comparing lanthanum carbonate with calcium car-
bonate, lanthanum carbonate was shown to be an effec-
tive treatment for hyperphosphatemia with good safety
and tolerability [25]. Lanthanum carbonate (750-3,000
mg/day lanthanum) had similar efficacy to calcium car-
bonate (1,500-9,000 mg/day calcium), although calcium
carbonate was associated with a much higher occurrence
of hypercalcemia. Given the concerns that many authors
have expressed over long-term treatment with traditional
phosphate binders and possible effects of metal accumu-
lation, a series of open-label extensions was designed to
investigate longer-term safety and tolerability in patients
receiving lanthanum carbonate for a maximum period of
3 years.

Methods

Study Design

This open-label extension to the previous 6-month comparator-
controlled trial consisted of two parts. The first part was a 6-month
extension carried out at 67 centers in the UK, Germany, Belgium
and The Netherlands. The second was a 2-year extension carried
out at 34 of these centers in the UK, Germany and Belgium, and
was initiated at the request of investigators and patients who par-
ticipated in the previous phases of the study. The design of the
original comparator-controlled trial has been reported elsewhere
[25] and is briefly summarized here.

Open-Label, Comparator-Controlled Phase

After a phosphate-binder washout period of 1-3 weeks, hemo-
dialysis patients with uncontrolled phosphate levels (defined as
>1.80 mmol/1[5.6 mg/dl]) were randomized in a 2:1 ratio to receive
either oral lanthanum carbonate (375-3,000 mg/day of elemental
lanthanum) or oral calcium carbonate (1,500-9,000 mg/day of
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elemental calcium) for 5 weeks during a dose-titration period. Both
treatments were given as divided doses with meals. Patients who
had shown a response to phosphate binders at the end of the titra-
tion period continued to the 20-week comparative efficacy phase.

Six-Month Open-Label Extension

Patients who entered the initial phase were eligible to participate
in a 24-week open-label extension in which all patients received
lanthanum carbonate. Patients were not required to complete the
comparator phase, although patients receiving lanthanum carbon-
ate who withdrew from the comparator-controlled trial because of
adverse events were not eligible for the extension study.

Two-Year Open-Label Extension

Patients were eligible to enter the optional 2-year extension
study if they had participated in the previous phases of the trial and
had received at least one dose of lanthanum carbonate (it was not
necessary to have completed either of the previous phases). After
approval from the Institutional Review Board, patients were able
to begin the 2-year extension either immediately after finishing the
6-month open-label phase or after a gap in treatment (after with-
drawal from either previous phase). Additionally, inclusion and
exclusion criteria that had applied in the original screening of the
first phase of the trial were still valid in this phase.

Dosage

Patients who received lanthanum carbonate in the open-label
comparator phase continued to receive lanthanum at the optimal
dose established (375-3,000 mg/day of lanthanum, taken in di-
vided doses with meals). Patients who received calcium carbonate
during the comparator-controlled phase were switched at the start
of the 6-month extension and titrated to optimum lanthanum car-
bonate treatment over a 5-week period. In these patients, serum
phosphate levels were monitored weekly until the optimum dose of
lanthanum carbonate was reached to maintain levels at or below
1.80 mmol/l. Patients who began the 2-year extension after an in-
terval of more than 2 months from the end of the previous phase
also had their dose of lanthanum titrated. During both extension
phases, the dose of lanthanum could be titrated as necessary with-
in the available dose range of 375-3,000 mg/day.

Assessments

The main aim of the extension studies was to assess the long-
term safety and tolerability of lanthanum carbonate in patients on
hemodialysis. Adverse events, hematology and biochemical param-
eters were monitored at every study visit (every month during the
6-month extension and every 2 months thereafter). Plasma lantha-
num levels were determined at the beginning of the extension
(6 months) and at 9, 12, 18, 24, 30 and 36 months.

Serum phosphate was monitored by taking blood samples at
every study visit. Control of serum phosphate was defined in the
6-month extension as a level of <1.80 mmol/l. There was no pre-
defined target level in the 2-year extension. Serum calcium, PTH
and vitamin D were also monitored at 6, 9, 12, 18, 24, 30 and 36
months, and the calcium X phosphate product (Ca x P) was cal-
culated. The study was conducted according to International Con-
ference on Harmonization (ICH) Guidelines for Good Clinical
Practice. Written, informed consent was obtained from all patients
at the start of the original comparator-controlled phase and again
before entering the 2-year extension.

Long-Term Efficacy and Tolerability of
Lanthanum Carbonate

Statistical Analysis

In the 6-month extension, the intent-to-treat (ITT) population
was the primary analysis. This population was defined as all those
patients who entered the extension study, who had received at least
one dose of treatment and who had efficacy measurements during
the comparator-controlled phase. Nominal or binary data (e.g. pro-
portion of patients with controlled phosphate) were analyzed using
the x? or Fisher’s exact test. Ordered categorical data, such as the
frequency of uncontrolled phosphate reports, were analyzed using
the Cochran Mantel Haenszel test with integer scores. Continuous,
normally distributed data (e.g. serum phosphate and calcium lev-
els) were analyzed by analysis of variance (ANOVA) or analysis of
covariance (ANCOVA).

In the 2-year extension, the safety population, defined as all
patients receiving at least one dose of study medication, was used
for all safety and efficacy assessments. In addition, a subgroup of
patients, termed the ‘long-term-exposure group’, was identified.
These patients had completed all three phases and had consequent-
ly received lanthanum carbonate for at least 152 weeks, having
demonstrated continued response and tolerability to lanthanum
carbonate throughout the trial. Key parameters were analyzed in
this group as well as in the safety population.

Adverse events were coded using the World Health Organiza-
tion Adverse Reaction Terminology (WHO-ART) 98.3 dictionary,
according to preferred term and body system. Efficacy data analy-
ses and reporting were all conducted using SAS software (version
6.12).

Results

Patient Disposition

In total, 518 patients from the comparator-controlled
trial entered the 6-month extension (185 patients switched
from calcium carbonate to lanthanum carbonate and 333
continued with lanthanum carbonate) (fig. 1). Of these,
375 patients completed this phase: 262 (79%) in the group
that continued to receive lanthanum (49 weeks of lantha-
num carbonate treatment) and 113 (61%) in the switch
group (at least 24 weeks of lanthanum carbonate treat-
ment). All patients entering the study were included in
the safety analysis. Efficacy data for 5 patients were not
included in the final data analysis because of the unreli-
ability of the data generated at one center. The ITT anal-
ysis population therefore comprised 513 patients: 332 in
the continued-lanthanum group and 181 in the switch
group. Demographic data for this population are shown
in table 1.

After completion of the 6-month extension, 161 pa-
tients entered the optional 2-year extension phase and
received at least one dose of lanthanum carbonate. Twen-
ty-one patients entered the extension straight from the
previous 6-month extension to the open-label phase, with
no gap in treatment; 26 had a gap of less than 2 months
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and 114 had a gap of more than 2 months. Eighty-three
patients completed the full 24 months and 78 discontin-
ued. The long-term-exposure group comprised 46 pa-
tients who had received a cumulative total of 152 weeks
or more of lanthanum carbonate treatment throughout
the trial (fig. 1). Demographic parameters and other char-
acteristics of the safety and the long-term-exposure popu-
lations, which were taken from the original screening data
in the first phase of the trial, are summarized in table 1.

Six-Month Extension

In the group that continued to receive lanthanum car-
bonate treatment in the 6-month extension, the mean se-
rum phosphate level after 24 weeks was 1.76 + 0.56
mmol/l (5.5 * 1.7 mg/dl) (fig. 2). The proportion of pa-
tients with controlled serum phosphate levels in the con-
tinued-lanthanum group at the end of the 6-month exten-
sion was 63.3%. For the switch group, the mean phos-
phate level at the end of the 6-month extension was 1.83
+ 0.52 mmol/1 (5.7 £ 1.6 mg/dl) (fig. 2). During lantha-
num carbonate treatment, the proportion of patients with
controlled levels increased from 46.1% at 4 weeks to
58.4% after 24 weeks.

Fig. 1. Study design and patient disposition. LC = Lanthanum car-
bonate; CC = calcium carbonate.

6-month comparative phase (LC vs. CC), n = 800

LC
n =533

n =267

cc

v

6-month open-label phase (LC)

Continued LC
n =333

n=518

Switched to LC

n=185

!

2-year optional extension (LC)

n=161
Originally randomized to LC Originally randomized to CC
n=112 n =49
Withdrew
> n=78 <
v Completed v
n=283
n = 46* n=37

* Long-term exposure group

Table 1. Baseline (week 0) characteristics for patients entering the extension studies

Characteristic 6-month extension phase

2-year extension phase

continued lanthanum switch group

total populat

ion  long-term exposure

group (n = 332) (n=181) (n=161) group (n = 46)
Age, mean * SD, years 57.0x14.6 58.6x13.6 56.5+14.5 56.3x£15.5
Gender
Male, % 67.2 65.2 68.3 63.0
Female, % 32.8 34.8 31.7 37.0
Ethnic origin
Caucasian, % 97.0 96.7 98.1 100.0
Afro-Caribbean, % 2.1 1.1 0.6 0
Other, % 0.9 2.2 1.2 0
Primary diagnosis
Diabetes, % 14.2 14.4 21.7 28.3
Hypertension, % 10.5 11.0 9.9 13.0
Glomerulonephritis, % 28.9 28.7 21.7 17.4
Cystic kidney disease, % 11.4 15.5 11.2 8.7
Urological disease, % 6.9 6.1 8.1 6.5
Other, % 28.1 24.3 27.3 26.0
Time on dialysis, mean *+ SD (months) 41.8+36.9 42.7+£45.0 45.1+394 35.6+33.6
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sion. To convert to mg/dl, multiply by 3.1.

Table 2. Mean serum calcium levels in the 6-month extension phase
in patients who switched from calcium carbonate to lanthanum
carbonate treatment

Serum calcium

mmol/1*

At end of washout of previous 2.35

comparator-controlled phase (range 1.20-3.05)
At end of previous comparator-controlled 2.45

phase (range 1.85-3.15)
After 12 weeks of lanthanum carbonate 2.33

treatment (range 0.55-2.95)
After 24 weeks of lanthanum carbonate 2.35

treatment (range 0.72-3.00)

* To convert to mg/dl, multiply by 4.

In the continued-lanthanum group, Ca x P levels re-
mained largely unchanged throughout the 6-month ex-
tension study. Mean serum levels were 4.20 + 1.37
mmol?/1? (52.1 + 17.0 mg?/dl®) after 24 weeks. In the
switch group, Ca x P levels decreased from 4.52 = 1.30
mmol*/1? (56.0 = 16.1 mg?/dI?) at 4 weeks to 4.29 + 1.27
mmol?/1?(53.2 + 15.7 mg?/dI?) after 24 weeks of lantha-

Long-Term Efficacy and Tolerability of
Lanthanum Carbonate

num carbonate treatment. Mean serum calcium levels in
patients who had received lanthanum carbonate in the
previous comparative phase remained unchanged or de-
creased marginally. Only 1 patient (0.3%) in the contin-
ued-lanthanum group experienced hypercalcemia (i.e.
any serum calcium level above the upper limit of normal,
which is 2.65 mmol/l [10.6 mg/dl]) during the 6-month
extension. In patients who had received calcium carbon-
ate, mean serum calcium levels declined to the baseline
value of the previous phase after 24 weeks of lanthanum
treatment (table 2). Hypercalcemia was experienced by
2.7% of these patients during the 6-month extension,
compared with 20.2% in the comparator-controlled phase
[25]. The median PTH level at the end of the 6-month
extension was 235 ng/l (0-2,300 ng/l) in patients who
continued to receive lanthanum carbonate and 196.5
ng/l (7-1,821 ng/l) in those who switched from calcium
carbonate.

The most common adverse events during the 6-month
extension were gastrointestinal in nature and were rated
as mild in severity. Adverse events occurring in more
than 5% of patients in the 6-month extension are shown
in table 3. Drug-related adverse events were reported by
17.1% of patients in the continued-lanthanum group and
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31.4% of patients in the switch group during the initial
6-month extension. Serious adverse events occurred in
198 patients (38.2%) during the 6-month extension:
37.5% of patients in the continued-lanthanum group and
39.5% in the switch group. Generally, the type and inci-
dence of serious adverse events were similar to the events
reported during the comparator-controlled phase [25]
and typical of a population with ESRD (e.g. dialysis com-
plications, renal transplants, cardiovascular events). No
serious adverse event or death during the 6-month exten-
sion was considered by the investigators to be related to
lanthanum carbonate treatment. The incidence of death
(3.6%[ 12 patients] in the continued-lanthanum group and
4.9% [9 patients] in the switch group) was no greater than
that expected in a population of patients with chronic
kidney disease [26].

Two-Year Extension

Of the 161 patients entering the optional 2-year exten-
sion, 116 were re-titrated between weeks 49 and 58 in
order to re-establish optimal control of serum phosphate.
At week 58, all patients had been re-titrated, and the
various doses were administered at a frequency of: 11%
(750 mg), 27% (1,500 mg), 30% (2,250 mg) and 32%
(3,000 mg). There was minimal change in dose through-
out the extension phases of the study.

At the start of the 2-year extension, mean serum phos-
phate level was 2.03 mmol/1(6.29 mg/dl). After 2 months,
and re-titration of patients, mean serum phosphate had
decreased to 1.83 mmol/1 (5.67 mg/dl) (fig. 3). Patients in
the long-term-exposure group - those completing all
phases of the trial — had a mean serum phosphate level
that was consistently lower than that of the safety popula-
tion (fig. 3). A greater proportion of patients from this
group had serum phosphate levels at each time point that
met the criteria defined for control in the earlier phases
of the trial. By the end of the study, serum phosphate lev-
els were < 1.80 mmol/l (=5.6 mg/dl) in 69% of the long-
term-exposure group and in 54% of the overall safety pop-
ulation.

Throughout the 2-year extension, the mean Ca x P
level showed a substantial decrease, from 5.07 mmol?/1?
(62.9 mg?/dI?) at week 49 to 3.92 mmol?/1? (48.6 mg*/d1?)
at week 75. For the remainder of the study, Ca x P levels
remained relatively constant (table 4).

Mean serum calcium levels remained within values
considered to be representative of a normal range (2.05-
2.65 mmol/l [8.2-10.6 mg/dl]) during the 2-year exten-
sion, although the level was marginally higher than this
at the beginning of this phase (week 49). During the 2-year
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Table 3. Adverse events (AEs) during the 6-month extension study
in the continued-lanthanum group (n = 333) and the switch group
(n=1895)

Switch
group, n (%)

Continued
lanthanum
group, n (%)

Number of patients reporting at

least one AE 297 (89.2) 169 (91.4)
Total number of AEs 1,337 824
Number of patients with at least

one drug-related AE 57 (17.1) 58 (31.4)
Number of patients withdrawn

owing to AEs 75 (22.5) 61(33.0)
Number of patients with a serious

AE 125 (37.5) 73 (39.5)
Number of patients who died 12 (3.6) 9(4.9)
AEs occurring in = 5% of patients

Hypotension 37 (11.1) 21(11.4)

Headache 23(6.9) 14 (7.6)

Dialysis graft occlusion 22 (6.6) 16 (8.6)

Abdominal pain 15(4.5) 10 (5.4)

Diarrhea 39 (11.7) 25(13.5)

Nausea 50 (15) 30 (16.2)

Vomiting 45 (13.5) 31 (16.8)

Hypocalcemia 4(1.2) 10 (5.4)

Cramps 36 (10.8) 19 (10.3)

Bronchitis 29 (8.7) 9(4.9)

Rhinitis 28 (8.4) 17 (9.2)

period, 63% of patients had no hypercalcemic episodes,
and 17% of patients had just a single hypercalcemic epi-
sode (fig. 4). The proportion of patients experiencing hy-
percalcemic events tended to decrease with the length of
treatment. This was partly due to the fact that patients
who did not tolerate the drug were withdrawn from the
study, resulting in a biased patient subset in the long-
term-exposure group.

Throughout the 2-year extension, PTH levels remained
broadly unchanged in a high proportion of patients (43%).
Among the remaining patients, PTH levels showed a
slight tendency to rise, with a greater proportion of pa-
tients experiencing an increase in PTH levels, compared
with those who experienced a decrease (33 vs. 24%). In
the long-term-exposure group, a greater proportion of pa-
tients moved from low or high PTH levels toward levels
deemed in this study to represent normal bone turnover
(101-300 ng/ml; 35% in the long-term-exposure group
vs. 23% in the safety population). During the 2 years of
this extension, 115 patients (71%) received vitamin D
therapy.

Hutchison et al.
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Fig. 3. Mean serum phosphate levels during
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multiply by 3.1.

Table 4. Mean Ca x P levels throughout the 2-year extension

Weeks on treatment n Ca x P, mmol?/1*
(mean = SD)

0 159 591+1.69
49° 161 5.07+1.73
75 121 3.92+1.21
101 102 424+1.28
128 85 433+1.17
154 90 426+1.74

2 To convert to mg?/dI%, multiply by 12.4.
b The precise start date of the 2-year extension varied according
to when patients started lanthanum carbonate treatment.

The overall incidence of adverse events was higher in
the 2-year extension than in previous phases, reflecting
the longer duration of the study. A total of 1,810 adverse
events were reported by 92% of patients during this phase.
Table 5 lists the most frequently reported adverse events
(> 1 patient). In total, only 50 adverse events (2.8%) were
considered likely to be related to treatment. Of all adverse

Long-Term Efficacy and Tolerability of
Lanthanum Carbonate

events reported in the 2-year extension, only 44 (2.4%)
led to withdrawal from the study. In the long-term-expo-
sure group, the incidence of adverse events remained rel-
atively constant over the full 3 years, and no new event,
or any increase of frequency or severity, was observed
during treatment.

Serious adverse events in the 2-year extension were
generally similar to those occurring in the earlier phases
of the trial: dialysis complications accounted for 19.4%
of all serious adverse events and renal transplantation for
a further 7.4%. Serious adverse events occurred with a
slightly higher incidence in this phase (64.0% of patients,
compared with 21.4% of lanthanum carbonate-treated
patients in the 6-month comparative phase and 38.2% of
patients in the 6-month open-label extension phase); this
was expected as this extension was four times longer in
duration than the previous phases of the trial. In total, 14
deaths (8.7%) occurred during the 2-year study duration.
No deaths were considered likely to be related to treat-
ment with lanthanum carbonate. Only one serious ad-
verse event (aggravated hyperparathyroidism) was con-
sidered by the study investigator likely to be related to
treatment as a relationship to lanthanum carbonate could

Nephron Clin Pract 2006;102:c61-c71 c67
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Table 5. Most frequently reported treat-
ment-related adverse events (reported by
> 1 patient) in the safety population during
the 2-year extension (n = 161)

Adverse event n (%)

Diarrhea 6(3.7)
Abdominal pain 5@3.1)
Nausea 5@3.1)
Constipation 3(1.9)
Eosinophilia 3(1.9)
Dyspepsia 2(1.2)
Hyperparathyroidism (aggravated) 2 (1.2)
Myalgia 2(1.2)
Tooth disorder 2(1.2)

not be excluded. Calcium and phosphate homeostasis
in this patient had been under control throughout the
study period with lanthanum carbonate and vitamin D
therapy.

During the extension studies, no consistent pattern of
change was recorded in most laboratory parameters, and
no clinically significant changes were seen in measure-
ments of vital signs. There was a slight tendency for alka-
line phosphatase and bicarbonate to rise either from low
to normal levels or from normal to high levels.

Plasma Lanthanum Levels
Plasma lanthanum levels during the 6-month exten-
sion were very low, representing about 0.33-0.50 parts
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per billion. In those patients who continued lanthanum
carbonate treatment, plasma lanthanum levels were not
statistically different after 1 year of treatment at doses of
750, 1,500, 2,250 or 3,000 mg/day. Figure 5 illustrates
that lanthanum levels quickly reached a plateau. Fur-
thermore, plasma lanthanum did not appear to be dose-
dependent, although there was an apparent statistically
significant difference with the 1,500 mg/day dose after
the end of the 6-month extension study. As expected,
plasma lanthanum levels for all dose groups were higher
in the 2-year extension than original baseline levels
(week 0).

Discussion

This study shows that lanthanum carbonate maintains
efficacy and is well tolerated during treatment for up to
3 years. Hyperphosphatemia is well known to be an inde-
pendent risk factor for morbidity and mortality in ESRD
patients on dialysis [1-4, 27]. Long-term control of serum
phosphate in this patient group is therefore vital and may
be an important factor in improving patient outcomes.

Pre-clinical and early clinical studies have demon-
strated the potential of lanthanum carbonate as a phos-
phate binder [28, 29]. It is also poorly absorbed compared
with aluminium and calcium [28]. Unlike aluminium,
which is excreted renally, systemic lanthanum is elimi-
nated primarily by the biliary route [21, 30], thereby min-
imizing the risk of toxicity in patients with renal disease.
Previous placebo-controlled trials have indicated that
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Fig. 5. Mean lanthanum levels in patients who received lanthanum carbonate treatment during the comparator-

controlled phase and the extension phases.

lanthanum carbonate is effective at reducing serum phos-
phate to target levels of <1.8 mmol/l (=5.6 mg/dl) [31,
32] or =1.9 mmol/l (=5.9 mg/dl) and maintaining it at
this level [33]. Furthermore, the comparator-controlled
phase of this extension study demonstrated that lantha-
num carbonate has similar efficacy to calcium carbon-
ate in controlling serum phosphate at a target level of
= 1.8 mmol/l (= 5.6 mg/dl) over 6 months. In the present
extension studies, serum phosphate levels were main-
tained at levels similar to those observed in the earlier
comparative phase. Notably, a subgroup of 46 patients
(identified as the long-term-exposure group) demonstrat-
ed sustained efficacy for 3 years of lanthanum carbonate
treatment, having achieved control of serum phosphate
in the earlier phases of the trial and then maintained con-
trol throughout this extension. When considering serum

Long-Term Efficacy and Tolerability of
Lanthanum Carbonate

phosphate control, it is important to note that dialysis
dose, session duration, membrane type and dialytic mo-
dality can also play a role; these parameters were not re-
corded during this study.

The higher serum phosphate levels at the beginning of
the 2-year extension study are probably a result of the high
number of patients who had a gap in lanthanum carbon-
ate treatment between the two extension phases (71% of
patients had a gap of more than 2 months), which would
have led to a rise in their serum phosphate levels. The
proportion of patients who were defined as being con-
trolled by the criteria used in the earlier phases (serum
phosphate < 1.8 mmol/l [ <5.6 mg/dl]) was slightly lower
in the 2-year extension study than in the previous phases,
as there was no target for serum phosphate; investigators
were therefore not treating to a goal, but rather monitor-
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ing long-term safety and tolerability. The gradual increase
in serum phosphate during the third year of treatment
may also reflect the fact that investigators are likely to
have maintained patients on a particular dose if only
small increases in serum phosphate were observed.

In addition to controlling serum phosphate, it is im-
portant to control serum calcium and maintain low Ca X
P levels, as both of these parameters have been indepen-
dently associated with calcification risk [1-3]. Through-
out these extension studies, patients’ serum calcium
levels were maintained within values considered to
represent a normal range and, importantly, few patients
experienced hypercalcemic episodes. The marginally
elevated calcium level observed at the beginning of the
2-year study is due to the fact that patients were able to
receive calcium-based phosphate binders in the interim
period between the extension studies. The proportion of
patients experiencing hypercalcemic events decreased
throughout the 2-year extension, probably because the
effect of the previously received calcium-based binders
diminished over time. It may also be due, in part, to pa-
tients who experienced hypercalcemia withdrawing from
the study, although hypercalcemia was not shown to be a
major reason for study withdrawal. It should be noted
that investigators were free to alter the dialysate calcium
concentration during the study; these data were not col-
lected under the study protocol. Ca x P values were also
maintained at a low level throughout treatment and, fur-
thermore, mean values in the 2-year extension did not
exceed the value recommended by the 2003 Kidney Dis-
eases Outcomes Quality Initiative (K/DOQI) guidelines
[13] (4.4 mmol?/I> [55 mg?/dI%]), even though the trial was
conducted before their publication.

Controlling PTH levels is important in the mainte-
nance of normal bone turnover: high PTH levels can lead
to high-turnover bone disease, whereas oversuppression
of PTH can lead to adynamic bone, as is known to occur
with calcium-based phosphate binders [34]. In the cur-
rent studies, PTH levels showed little change in a large
proportion of patients, although there was a slight ten-
dency for levels to rise. In clinical practice, it is antici-
pated that vitamin D analogs will be used to effectively
suppress PTH. Thus, unlike calcium-based binders, inde-
pendent control of phosphate, calcium and PTH seems
to be possible with lanthanum carbonate.

The incidence and type of adverse events reported in
this study were similar to those reported in the compara-
tor-controlled phase of the trial, providing assurance that
the tolerability seen over the short term with lanthanum
carbonate is maintained over a longer duration. In these
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extension studies, few adverse events were considered to
be drug-related and, given that the majority were classified
as mild-to-moderate in severity, few adverse events led to
patient withdrawal from the studies. Importantly, there
was no evidence of an increase in the frequency of adverse
events previously associated with traditional phosphate-
binder treatment, such as hypercalcemia, microcytic ane-
mia, fractures or bone pain. The fact that 46 patients (the
long-term-exposure group) were able to continue receiv-
ing lanthanum carbonate with no increase in the annual
incidence of adverse events indicates a favorable safety
profile for lanthanum carbonate treatment, with no un-
expected adverse events anticipated in the long term.

There was a higher incidence of serious adverse events
in the 2-year extension than in the initial 6-month exten-
sion and the previous comparator-controlled phase of the
trial, as would be expected from the longer study dura-
tion. Of the 14 deaths that occurred during this phase,
none were considered to be related to lanthanum carbon-
ate treatment. The mortality rate (8.7%) was no higher
than would be expected in a dialysis population over a
2-year period. Studies by Berthoux et al. [35] and van
Dijk et al. [36] suggest 1- and 2-year mortality rates for
dialysis patients of 14.4% and 33%, respectively; these
rates are consistent with UK and US registry data.

A limitation of the current study is the relatively small
number of patients who completed full follow-up, a com-
mon problem of long-term studies in dialysis patients.
Although 161 patients entered the 2-year extension, only
46 patients remained at 3 years. Further long-term studies
of lanthanum carbonate and other phosphate binders
with greater patient numbers would be of value. To our
knowledge, the only other prospective study that has in-
vestigated treatment with a phosphate binder for a period
of up to 3 years was also uncontrolled and conducted with
calcium carbonate by Sperschneider et al. [37]. Only
13 patients completed a full 3 years of follow-up. The ef-
ficacy of calcium carbonate appeared to deteriorate over
3 years and the extent of calcification increased, with the
authors concluding that calcium carbonate alone is not
suitable for long-term phosphate reduction in dialysis pa-
tients.

In conclusion, we have shown for the first time that the
new phosphate binder, lanthanum carbonate, is able to
maintain efficacy and is well tolerated for up to 3 years.
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