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Abstract

A Lanthanum carbonate is a novel, non-aluminium,
non-calcium phosphate binding agent that forms a
water-insoluble compound, lanthanum phosphate,
in the gut.

A Lanthanum carbonate (eclemental lanthanum
375-3000 mg/day) reduced serum phosphorus
levels compared with placebo in two randomised,
double-blind, multicentre 4-week trials in patients
with chronic renal failure receiving regular
haemodialysis.

A In two large, randomised trials in patients with
chronic renal failure requiring haemodialysis, lan-
thanum carbonate (elemental lanthanum 375-3000
mg/day) was as effective as calcium carbonate and/
or other conventional phosphate binders in reducing
and maintaining serum phosphorus levels (<5.6 mg/
dL over 6 months and <5.9 mg/dL over 2 years).

A Lanthanum carbonate was generally well tolerated.
Most adverse events were mild-to-moderate in se-
verity, with gastrointestinal events being the most
common.

A The tolerability profile of lanthanum carbonate was
similar to those of conventional phosphate binders;
however, hypercalcaemic episodes occurred signifi-
cantly less frequently over 6 months with lantha-
num carbonate than with calcium carbonate.

A In a randomised 1-year trial, numerically fewer
lanthanum carbonate (elemental lanthanum <3750
mg/day) recipients had renal bone disease at study
end than at baseline; however, in the calcium car-
bonate <9000 mg/day group, numerically more pa-
tients had renal bone disease at study end compared
with baseline.

Features and properties of lanthanum carbonate

(Fosrenol®) [dosages given as the amount of elemental
lanthanum)]

Indication

Hyperphosphataemia in patients with chronic renal failure
requiring dialysis

Mechanism of action

Binds dietary phosphate in the gut to form lanthanum
phosphate, an insoluble compound that is poorly absorbed
across the gut wall

Dosage and administration

Usual dosage 225-3000 mg/day

Minimum clinically effective dosage >675 mg/day

Frequency of administration Total daily dosage
is divided into two
or three doses.
Taken with or
immediately after
meals

Route of administration Oral
Pharmacokinetic profile

<0.001% of
administered dose

Minimal systemic absorption after 6 months
(375—4718 mg/day)

Mean plasma or serum concentration after
<2 years of treatment (225-3750 mg/day)

<1.1 ng/mL

Adverse events

Gastrointestinal,
e.g. nausea,
vomiting and
diarrhoea

Most frequent
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Hyperphosphataemia develops in patients with
chronic renal failure as a result of reduced renal
phosphate excretion.'! Only a brief overview of
hyperphosphataemia is provided here; an extensive
review is available in a recent issue of Drugs.['l The
incidence of hyperphosphataemia has not been di-
rectly reported; however, the incidence of chronic
renal failure requiring renal replacement therapy
(dialysis or transplantation) is estimated to be at
least 120-130 per million population in the UK. In
the US, the incidence of end-stage renal disease (i.e.
patients with chronic renal failure requiring renal
replacement therapy)?! is approximately 334 per
million population, which is expected to increase
dramatically over the next 30 years.*! !

An important goal in the treatment of patients
with chronic renal failure is normalisation of serum
phosphorus levels; hyperphosphataemia is asso-
ciated with reduced serum calcium levels!!! that
leads to secondary hyperparathyroidism,!-% and re-
nal bone disease.[! Poor serum phosphorus level
control and elevated serum calcium X phosphorus
product levels!!”! may be associated with soft tis-
suel>>7 or cardiac and/or vascular!’-*! calcification.
Patients with chronic renal failure taking calcium-
containing oral phosphate binders may develop a
positive calcium balancel>% that further elevates the
calcium X phosphorus product levels,> which may
be associated with hypercalcaemia,® metastatic
and/or cardiac calcification!® and also adynamic
bone disease.®! Moreover, hyperphosphataemia is
associated with increased cardiovascular mortality
and morbidity.[!!

Current treatment options for hyperphos-
phataemia include the use of oral phosphate binders
(to reduce gastrointestinal absorption of dietary
phosphate), lowering dietary phosphate intake, and
the removal of phosphate by dialysis.[!! Patients
usually require treatment with an oral phosphate
binder!!! since it is difficult to decrease dietary phos-
phate without a significant reduction in protein in-
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take, which increases the risk of malnutrition.l!! In
addition, dialysis techniques are generally unable to
remove sufficient phosphate.l’! Lanthanum carbon-
ate (Fosrenol®)?, an aluminium- and calcium-free
phosphate binder,’® was investigated because of its
low solubility® and reduced potential for adverse
events associated with the use of calcium- or alu-
minium-containing phosphate binders.”!

The focus of this profile is the use of lanthanum
carbonate for the treatment of hyperphosphataemia
in patients with chronic renal failure receiving regu-
lar haemodialysis. Lanthanum carbonate may also
be an effective oral phosphate binder in patients
receiving continuous ambulatory peritoneal dialysis,
according to a preliminary report from a small trial
(n = 10);1'% however, this patient group is not dis-
cussed further. In clinical trials, the dosage of lan-
thanum carbonate was generally reported as the
quantity of elemental lanthanum (1907.58mg of lan-
thanum carbonate = 1000mg of elemental lantha-
num).!!

1. Pharmacodynamic Profile

All pharmacodynamic data are available as ab-
stracts and/or posters.!''!71 Reported dosages are for
lanthanum carbonate unless stated otherwise.

Preclinical Studies

e Lanthanum carbonate [La2(CO3)3] contains the
trivalent cation lanthanum!®! that has a high affinity
for phosphate.!'*! In vitro phosphate binding studies
indicated that lanthanum carbonate is 97.5%, 97.1%
and 66.6% bound to phosphate at pH 3, 5 and 7,
respectively, and thus has a similar phosphate-bind-
ing capacity to aluminium hydroxide.['*! Compared
with calcium carbonate and calcium acetate, lantha-
num carbonate binds phosphate with greater effec-
tiveness at pH 3 (both 0% vs 97.5%) and with
similar effectiveness at pH 5 (both =92% vs
97.1%).1'4

1 The data reported here have been supplied by the United States Renal Data System (USRDS). The interpretation and
reporting of these data are the responsibility of the author(s) and in no way should be seen as an official policy or

interpretation of the US Government.

2 The use of trade names is for product identification purposes only and does not imply endorsement.

© 2004 Adis Data Information BV. All rights reserved.
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e Lanthanum phosphate, the compound formed
when phosphate binds to lanthanum,® has a low
aqueous solubility and, according to an in vitro
study, is poorly absorbed across the gut wall.['3]
Compared with a vehicle control, lanthanum car-
bonate 16-31 mg/kg reduced absorption of radio-
labelled phosphate across the gut wall of a rat isolat-
ed gut preparation by 23-37% after 3 hours.!'> The
mean percentage absorption of phosphate after 1
hour was 50.2% with lanthanum carbonate at all
doses versus 59.6% with aluminium hydroxide (dos-
age not reported) and 77% with control prepara-
tions.[!!

® According to an in vivo study in five-sixths

nephrectomised rats (a model of chronic renal fail-
ure), lanthanum carbonate is as effective as alumini-
um hydroxide and more effective than calcium car-
bonate or sevelamer (all dosages 1000 mg/kg/day)
in reducing urine phosphate levels.['* Reductions in
urine phosphate levels are indicative of phosphate
binding potency.['* Urine phosphate excretion after
6 weeks’ treatment was broadly similar after admin-
istration of lanthanum carbonate or aluminium hy-
droxide (0.021 vs 0.011 mg/day) and was 8- and
18-fold lower with lanthanum carbonate than with
calcium carbonate and sevelamer (0.021 vs 0.176
and 0.369 mg/day).l'¥

® [n vivo animal studies showed that lanthanum
carbonate (up to 2000 mg/kg/day) had no adverse
CNS or cardiovascular effects and no direct effects
on calcium, vitamin D or parathyroid hormone
(PTH) metabolism.['¥ Moreover, the potential for
acute or long-term toxicity was low in animals re-
ceiving supratherapeutic dosages of lanthanum car-
bonate in single- or multiple-dose studies.!!!

e In in vivo animal studies, lanthanum carbonate
was associated with bone mineralisation defects;
however, this was attributed to phosphate depletion
caused by excessive dietary phosphate binding, rath-
er than a direct effect of lanthanum on bone.!'216:17]
The effects of lanthanum carbonate on bone in pa-
tients with chronic renal failure are discussed in
section 4.

© 2004 Adis Data Information BV. All rights reserved.
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In Humans

e A study in 14 healthy volunteers demonstrated
that lanthanum carbonate 9000 mg/day (elemental
lanthanum 4718 mg/day) over 3 days is superior to
placebo in reducing urine phosphorus levels, which
indicated binding of lanthanum carbonate to
phosphates in the gut and, therefore, decreased sys-
temic absorption of phosphate.''! The mean cumu-
lative quantity of phosphorus excreted in the urine
with lanthanum carbonate was about one-third that
with placebo (858.2 vs 2447.5mg, p < 0.05).1'1]

e Moreover, lanthanum carbonate 9000 mg/day
(elemental lanthanum 4718 mg/day) did not signifi-
cantly affect serum sodium, calcium, creatinine,
phosphate or PTH levels, urine creatinine levels, or
any ECG parameters.''! The effect of lanthanum
carbonate on phosphorus, calcium and PTH levels in
patients with chronic renal failure is discussed in
section 3.

2. Pharmacokinetic Profile

The pharmacokinetic profile of lanthanum car-
bonate has been evaluated in healthy volun-
teers!!118-231 and patients with chronic renal failure
requiring haemodialysis!!82421 (see sections 3 and
4). The distribution of lanthanum in tissues follow-
ing lanthanum carbonate treatment®*3!1 and excre-
tion of lanthanum®’! has been investigated in animal
studies. Where stated, pharmacokinetic parameters
were determined using noncompartmental meth-
0ds,?%211 plasma lanthanum concentrations were
measured using an inductively coupled plasma mass
spectrometry assay?”?°! and oral lanthanum carbon-
ate was administered either with!! 1819291 or immed-
iately after?!227 food. Most pharmacokinetic data
are currently available as abstracts and/or pos-
ters [11.18-26283031]

e Lanthanum carbonate appears to have a favoura-
ble absorption profile as an oral phosphate binder,
with less than 0.001% of the administered dose
absorbed systemically during up to 6 months’ treat-
ment with lanthanum carbonate (elemental lantha-
num 375-4718 mg/day).l'!>) Mean plasma or se-
rum lanthanum concentrations were very low (<1.1

Drugs 2004; 64 (9)
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ng/mL) after up to 2 year’s treatment with therapeu-
tic dosages of lanthanum carbonate (elemental lan-
thanum 225-3750 mg/day).[2+26:27:29]

e Furthermore, there was no accumulation in plas-

ma of elemental lanthanum over 2 years in recipi-
ents of standard dosages of lanthanum carbon-
ate.?6281 In a nonblind, comparative study, the mean
plasma lanthanum concentration at 6 weeks was 0.5
ng/mL versus 0.5-0.6 ng/mL at all subsequent time-
points up to 2 years in 632 lanthanum carbonate
recipients (intent-to-treat [ITT] analysis).?®) In a
2-year extension study of a 6-month trial,’>>! mean
serum lanthanum concentrations were 0.15-1.16 ng/
mL at the start of extension treatment versus
0.15-0.8 ng/mL at the end of treatment.[?8]

e There were no clinically relevant or statistically
significant differences between pre- and postdialysis
mean maximum plasma concentration (Cmax) or
area under the plasma concentration-time curve val-
ues of lanthanum following a single dose of lantha-
num carbonate (elemental lanthanum 1000mg) in
patients with chronic renal failure.!'® Cpax values
were <I.1 ng/mL at both timepoints, with differ-
ences pre- and postdialysis thought to be an artefact
of the dialysis process.!!®!

e In healthy volunteers, tolerability of lanthanum
carbonate was poor if taken before eating, thus this
regimen was not evaluated further (data not report-
ed).?’! Lanthanum carbonate can be taken during or
after meals (section 5).123!

e The elimination half-life of elemental lanthanum
was about 36 hours in a multiple-dose study in
healthy volunteers receiving lanthanum carbonate
(elemental lanthanum 1000mg) three times daily for
5 days (n = 6).22! Approximately 0.000031% of the
dose of elemental lanthanum was recovered in the

urine.?2!

e In healthy volunteers, coadministration of lantha-

num carbonate with metoprolol,?! digoxin®’! or
warfarin!'¥! had no clinically relevant effects on the
pharmacokinetic parameters of the coadministered
agent.

© 2004 Adis Data Information BV. All rights reserved.
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Lanthanum Excretion and Tissue Distribution
in Animals

® An oral dose of lanthanum is eliminated via the
faeces.’% The limited amount of systemically ab-
sorbed lanthanum (simulated in rats by an intrave-
nous administration) was also excreted in the faeces,
with the majority eliminated by the biliary sys-
tem. 3%

® [n vivo studies found that a proportion of ab-
sorbed lanthanum is deposited in tissues (partic-
ularly bone and liver®® or liver and brain*!). None-
theless, toxicity studies in animals indicated a low
potential for toxic effects with supratherapeutic dos-
ages of lanthanum carbonate (section 1).

e In addition, lanthanum appears to have a low
potential to cross the blood-brain barrier.?%! Median
lanthanum concentrations in brain tissue were
0.007-0.059 pg/g wet tissue in animals receiving
lanthanum carbonate up to 2000 mg/kg/day.%

3. Therapeutic Efficacy

The efficacy of lanthanum carbonate in the treat-
ment of hyperphosphataemia has been evaluated in
short-12427321 and longer-term!?>2° trials of up to 2
years’ duration in patients with chronic renal failure
requiring regular haemodialysis. The dosage of lan-
thanum carbonate was generally reported as the
amount of elemental lanthanum.

Patients included in the trials had chronic renal
failure requiring haemodialysis>>*?! (three times a
week!2426271) for at least 2-32271 or 261> months
prior to enrolment. Further inclusion criteria were
age (21208 or >1823271 years) and in one trial,1*! a
serum phosphorus level of >5.9 mg/dL. Baseline
patient characteristics for all randomised™® or
evaluable patients®*?3271 (where stated) included a
mean age of 53-60 years>*2"-321 and a mean time on
haemodialysis of 2.5-4.3 years.[?42527]

Patients entered a screening and washout period
of 1-3 weeks>>2732 or a 1- to 3-week single-blind
placebo run-in period®* followed, in all but the
dose-ranging trial,” by a nonblind dose-titration
period of 4—-6 weeks.[?>-27:32]

Drugs 2004; 64 (9)
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Primary efficacy endpoints included serum phos-
phorus levels?”32) or the reduction in serum phos-
phorus levels®! at endpoint. The primary endpoint
was not clearly specified in one of the longer-term
studies,>! although the main aim of the study was to
assess serum phosphorus level control (defined as a
level of <5.6 mg/dL) during the dose-titration and
maintenance periods. Tolerability was the primary
endpoint of the other longer-term study.?®! Other
measures of efficacy included serum phosphorus
level control?42627321  (defined as a level of
<5.92627 or <5.61321 mg/dL), the time at which a
significant reduction in serum phosphorus levels
was first achieved™! and changes in serum calcium
levels,?627:321 - calcium X phosphorus  product
levels,[242627.32] PTH levels2027-321 and calcium X
phosphate product levels.”! Where reported, ITT
analyses were conducted,?-27-32 unless stated other-
wise.

Short-Term Therapy

The efficacy of lanthanum carbonate has been
evaluated in three randomised, double-blind, place-
bo-controlled trials of 4—6-weeks’ duration: a dose-
ranging trial (n = 144);?* a multicentre phase I1I
trial (n = 93);" and a trial in Chinese patients (n =
61).32 Data from two of the trials are available as
abstracts plus posters.?43%]

In the dose-ranging trial,*! patients with a serum
phosphorus level of 25.6 mg/dL were randomised to
receive placebo or lanthanum carbonate (elemental
lanthanum 225, 675, 1350 or 2250 mg/day) for 6
weeks following the placebo run-in period.

In the other two trials,”?”3? only patients with a
serum phosphorus level of >5.9%7 or >5.652! mg/dL
entered the 4-8321 or 6-week!?” dose-titration period
where the dosage of lanthanum carbonate (elemen-
tal lanthanum 375-3000%"! or 750-3000 mg/dayt?1)
required to achieve serum phosphorus level control
(<5.927 or <5.68321 mg/dL) was established on an
individual basis. Thereafter, patients were random-
ised to receive either placebo (n = 3113% and 4427)
or their maintenance doses of lanthanum carbonate
(n = 3082 and 4917)) for the 4-week[?’3% dose-
maintenance double-blind phase. The maintenance

© 2004 Adis Data Information BV. All rights reserved.
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dosages of elemental lanthanum in the 6-week phase
III trial®”! were 2750 (9% of patients), 1500 (20%),
2250 (29%) and 3000 mg/day (42%).

Between 52% and 69% of patients completed
randomised treatment.?*27321' A proportion of lan-
thanum carbonate and placebo recipients received
vitamin D supplementation during the 4-week dose-
maintenance period of the phase III trial (26% vs
18% of patients).?”!

Serum Phosphorus Levels and Control

e In short-term studies, lanthanum carbonate was
significantly more effective than placebo at improv-
ing hyperphosphataemia in patients with chronic
renal failure.[2427:32]

o In the dose-ranging trial,?*! reductions in serum
phosphorus levels were significantly greater with
the two highest dosages of lanthanum carbonate
(elemental lanthanum 1350 mg/day [-0.95 mg/dL; n
= 30] or 2250 mg/day [-1.13 mg/dL; n = 26]) than
with placebo (n = 32) [both p < 0.001 vs placebo].l*¥
Serum phosphorus levels were similar in all treat-
ment groups at baseline (6.55-7.42 mg/dL) and re-
ported reductions were from baseline to the end of
the double-blind treatment period.? Lanthanum
carbonate was clinically effective at dosages ex-
ceeding elemental lanthanum 675 mg/day.”** Re-
ductions in serum phosphorus levels were dose-
related (linear up to 1350 mg/day)./>*

e Mean serum phosphorus levels were significant-
ly lower at endpoint with lanthanum carbonate (ele-
mental lanthanum 375-300027 or 750-3000 mg/
day®?!) than with placebo (5.1 vs 7.2 mg/dL; p <
0.001B32! and 5.94 vs 7.85 mg/dL; p < 0.00017) in
the other two trials.?”32] In addition, there was a
significant difference in serum phosphorus levels
favouring lanthanum carbonate versus placebo re-
cipients at all timepoints during the randomised
period of the phase III trial (p < 0.01).227
e [anthanum carbonate effectively maintains se-
rum phosphorus level control.l?”-321 More patients
receiving lanthanum carbonate achieved serum
phosphorus level control at study end than patients
receiving placebo, in the phase III trial?” (59% vs
23%; values estimated from graph, p < 0.01) and the
trial in Chinese patients®?” (60% vs 10%, p < 0.001).

Drugs 2004; 64 (9)
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e Lanthanum carbonate was effective in reducing
serum phosphorus levels early in treatment.[*2”!
Significant reductions in mean serum phosphorus
levels occurred with lanthanum carbonate treatment
in the first week (with elemental lanthanum 2250
mg/day) or second week (with elemental lanthanum
1350 mg/day) in the dose-ranging trial (p < 0.05),24
and in the first week of the dose-titration period in
the phase III trial (7.15 vs 7.55 mg/dL at the end of
the washout period, p < 0.0001).1"]

Other Endpoints

e [anthanum carbonate also proved beneficial in
terms of other endpoints in the phase III trial (figure
1).271 Patients receiving lanthanum carbonate
achieved significantly lower mean serum calcium X
phosphorus product and PTH levels than placebo
recipients at study end compared with the dose-
titration period (baseline) [p < 0.01].2”) From base-
line to endpoint, mean serum calcium, calcium X
phosphorus product and PTH levels remained stable
in the lanthanum carbonate group, but either de-
creased (serum calcium level) or increased (calcium
X phosphorus product and PTH levels) significantly
in placebo recipients (all p < 0.05).7

e Improvements in serum calcium X phosphorus
product levels were also shown in the other two
trials.[>*32] Mean serum calcium X phosphorus prod-
uct levels were significantly lower with lanthanum
carbonate than with placebo at study end (49 vs 67
mg2/dL2; values estimated from graph, p <0.001) in
one trial.[??! These levels decreased from baseline to
endpoint in lanthanum carbonate recipients (ele-
mental lanthanum 1350 mg/day) [-7.2 mg/dL, p <
0.005] and increased in patients receiving placebo
(8.4 mg/dL, p < 0.001) or the lowest dosage of
lanthanum carbonate (elemental lanthanum 225 mg/
day) [8.0 mg/dL, p < 0.005], in the dose-ranging
trial.4

e Moreover, the mean serum PTH and calcium
levels were similar between the lanthanum carbon-
ate and placebo groups during the dose-maintenance
phase of the trial in Chinese patients.[3?!

© 2004 Adis Data Information BV. All rights reserved.
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Fig. 1. Efficacy of lanthanum carbonate (LAN) on secondary end-
points in patients with hyperphosphataemia. Mean serum (a) calci-
um (Ca), (b) calcium x phosphorus (Ca x P) product and (c) para-
thyroid hormone (PTH) levels at various timepoints. This
randomised, double-blind, placebo (PL)-controlled, multicentre
phase Ill trial enrolled patients aged >18 years with chronic renal
failure requiring regular haemodialysis for a minimum of the pre-
vious 2 months.?”] Patients entered a washout period of 1-3 weeks
and those patients with a serum phosphorus level of >5.9 mg/dL
then entered a nonblind dose-titration period of 6 weeks, where the
dose required to achieve serum phosphorus level control (<5.9 mg/
dL) was established on an individual basis. Thereafter, patients
were randomised to receive PL or LAN (elemental lanthanum
375-3000 mg/day) with meals, for the double-blind dose-mainten-
ance 4-week phase. Intent-to-treat analysis was conducted. * p <
0.05, ** p < 0.0001 vs end of titration (baseline); T p < 0.01, 11 p <
0.0001 vs PL at study end.
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Longer-Term Therapy

The longer-term efficacy of lanthanum carbonate
has been evaluated in two randomised, nonblind,
multicentre trials.?>2?¢! The 6-month trial compared
the efficacy of lanthanum carbonate (n = 510) with
that of calcium carbonate 1500-9000 mg/day (n =
257).125 In the 2-year trial,1*! patients received lan-
thanum carbonate (n = 632) or their pre-study con-
ventional phosphate binder (n = 633), which was
either calcium carbonate (33.5% of 642 randomised
patients), calcium acetate (44.9%), sevelamer
(16.4%) or other (5.0%) [study drug not reported for
0.3% of patients].

In the 6-month nonblind trial,’>> only patients
with a serum phosphorus level of >5.6 mg/dL en-
tered the dose-titration period, where the dose re-
quired to achieve serum phosphorus level control
(<£5.6 mg/dL) was established on an individual ba-
sis; median dosages were elemental lanthanum 2250
mg/day and calcium carbonate 3000 mg/day.>> Fol-
lowing dose-titration, patients continued therapy for
a further 20 weeks®! or up to a total of 104 weeks?f!
during the dose-maintenance phase of each trial.

Preliminary long-term data are also available
from nonblind extension studies of the dose-ranging
trial® (up to 48-week extension),33! the 6-month
phase III trial® (a 6-month extension®* and a
further 2-year extension [giving a total of 3 years’
treatment]?®)) and both the dose-ranging®*! and the
placebo-controlled phase III trial’?”! (=12-month ex-
tension® including patients from both trials?*271),
An additional analysis*®! of efficacy data from a
6-month trial®! and its 6-month extension!*¥ is in-
cluded.

Efficacy data from a l-year study (see section
4)2%1 of renal osteodystrophy in patients receiving
lanthanum carbonate or calcium carbonate are also
discussed.

In the longer-term trials!>>202%! and extension
studies,!?833-3] patients received elemental lantha-
num 300-3000123-2628.33-351 or <375012) mg/day, ad-
ministered as lanthanum carbonate. All data are

currently available as abstracts and/or pos-
ters[25.:26.28.33-37]

© 2004 Adis Data Information BV. All rights reserved.
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Serum Phosphorus Levels and Conirol
e [onger-term treatment with lanthanum carbonate
is as effective as conventional phosphate binder
therapy,?®! including calcium carbonate,'*>¥! in im-
proving hyperphosphataemia in patients with chron-
ic renal failure.
® Mean serum phosphorus levels were similar in
the lanthanum carbonate and calcium carbonate
groups at endpoint in the 6-month trial (each =5.3
mg/dL, values estimated from graph)®! and in the
lanthanum carbonate and conventional phosphate
binder groups at week 52 in the 2-year trial (6.3 vs
6.2 mg/dL).10!
e Lanthanum carbonate was as effective as con-
ventional phosphate binders!?®! and calcium carbon-
ate®! in maintaining serum phosphorus level con-
trol. Similar proportions of lanthanum carbonate and
calcium carbonate recipients had serum phosphorus
control from weeks 9 to 25 of the 6-month study!?>!
according to an on-treatment (OT) analysis (figure
2). In the 2-year trial,”®! mean serum phosphorus
levels were maintained at <5.9 mg/dL from weeks
16 to 104 in a similar proportion of lanthanum
carbonate recipients as conventional phosphate
binder recipients (41.3% vs 46.3% at 2 years).
e The longer-term efficacy of lanthanum carbonate
was confirmed in several nonblind extension stud-
ies.[?833-31 In general, lanthanum carbonate (ele-
mental lanthanum 300-3000 mg/day) effectively
maintained serum phosphorus level control
(£5.6-6.0 mg/dL) for up to 52 weeks (n = 518,534 n
=775 and n = 40'331) and for up to 2 years (n = 83
[OT analysis]).[?®! Out of a subgroup of 45 patients
who had received lanthanum carbonate treatment
for 2152 weeks, 31 patients had serum phosphorus
level control at study end in the 2-year extension
study (OT analysis).!?8!

Other Endpoints

® Generally, mean serum calcium and calcium X
phosphorus product levels remained stable and were
similar in patients receiving lanthanum carbonate or
conventional phosphate binders (including calcium
carbonatel®”) during treatment of up to 1 years’
duration.?537] For example, at week 52 in the 2-year
trial, mean serum calcium levels were 9.2 versus 9.5

Drugs 2004; 64 (9)
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Fig. 2. Comparative efficacy of lanthanum carbonate in patients
with hyperphosphataemia. Percentage of patients with a mean se-
rum phosphorus level <5.6 mg/dL. This randomised, nonblind, mul-
ticentre, phase Il trial enrolled patients with chronic renal failure
aged >18 years who had received regular haemodialysis for the
previous 3 months.?%! After a 1- to 3-week washout period, patients
with serum phosphorus levels >5.6 mg/dL were randomised to
receive lanthanum carbonate (elemental lanthanum 375-3000 mg/
day) or calcium carbonate 1500-9000 mg/day during a 5-week
dose-titration period, followed by a maintenance period of 20
weeks. The number above the bar is the number of evaluable
patients at each timepoint.

mg/dL and mean serum calcium X phosphorus prod-
uct levels were 57.8 versus 59 mg2/dL?2 in lantha-
num carbonate and conventional phosphate binder
recipients (all values estimated from a graph).l2¢/

® Moreover, in the 6-month trial,’! significantly
greater reductions in mean serum calcium X phos-
phate product levels with lanthanum carbonate than
with calcium carbonate occurred only at week 9
(-22.3 vs —=16.7 mg2/dL2, p = 0.009).1

o Mean® or median®®! serum PTH levels re-
mained stable?8! or showed a numerical increasel¢!
with lanthanum carbonate treatment of up to 1 year,
whereas levels showed a numerical decrease with
calcium carbonateP®! and/other conventional phos-
phate binders.[?®! For example, mean serum PTH
levels remained stable over 1 year (data from second
year not reported) in the 2-year trial; lanthanum
carbonate recipients and conventional phosphate
binder recipients had mean serum PTH levels of
281.5 and 220 pg/mL at 52 weeks (all values esti-
mated from a graph).i26]
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4. Tolerability

The tolerability of oral lanthanum carbonate in
the treatment of patients with hyperphosphataemia
was evaluated in clinical trials?*?7-32] and extension
studies?8-33-351 discussed in section 3. In addition, a
1-year, randomised, nonblind, multicentre, phase III
trial®®! compared the effect of lanthanum carbonate
(elemental lanthanum <3750 mg/day) with that of
calcium carbonate <9000 mg/day on renal osteodys-
trophy in patients with chronic renal failure. Apart
from two trials,?”-2%1 all data are available as ab-
stracts and/or posters,[2426.28:32-35]

Where stated, analysis of tolerability data was
conducted either for the ITT,[2527321 OTI?! or ran-
domised!?®! patient populations. Statistical analyses

of tolerability data were generally not de-
scribed.[24:26-29.32-35]

Short-Term Trials

e [anthanum carbonate has a broadly similar toler-
ability profile to that of placebo,?*?”32 with treat-
ment-emergent adverse events generally of a gastro-
intestinal nature!>*?” and of mild or moderate sever-
ity.32!

e Treatment-related nausea, vomiting, constipation
and diarrhoea were each reported by 5-11 patients
during the dose-titration period in the phase III trial
when all patients received lanthanum carbonate (n =
126).271 During the 4-week dose-maintenance
phase, treatment-related adverse events were un-
common.?”l The most common of these (nausea,
vomiting, diarrhoea and dialysis graft occlusion)
each occurred with an incidence of <2% in the
placebo (n = 44) and lanthanum carbonate (n = 50)
groups.?”!

e Moreover, treatment was discontinued because
of adverse events in seven patients during dose
titration (all drug-related events) and in three pa-
tients during the dose-maintenance period (whether
these were drug related was not reported).?”!

o In the trial in Chinese patients,??! the most fre-
quent treatment-emergent adverse events during the
randomised double-blind phase were myalgia,
coughing, hypotension, dizziness, vomiting and rhi-
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nitis, each occurring in 2-5 of the 30 patients receiv-
ing lanthanum carbonate and in 0—4 of the 31 pa-
tients receiving placebo. Those adverse events lead-
ing to withdrawal from the study were of a
gastrointestinal nature (number of adverse events
leading to withdrawal not reported).*?!

e The overall incidence of treatment-emergent ad-
verse events that may or may not have been drug-
related was numerically greater with lanthanum car-
bonate than with placebo (58% vs 38.6% in the
phase III trial®”! and 97% vs 90% in the trial in
Chinese patients32)).

e Serious adverse events were uncommon (n =4 in
each of the placebo and treatment groups) and
thought not to be drug-related in the dose-mainten-
ance phase of the phase III trial,””! although 12.7%
of patients reported serious adverse events during
the dose-titration period.””) Whether these latter
events were related to lanthanum carbonate treat-
ment was not reported.l?”! Three deaths were report-
ed and none were considered drug-related.?”! The
only serious adverse event reported in the trial in
Chinese patients®*?! was not considered to be drug-
related.

Longer-Term Trials

e [anthanum carbonate has a generally similar tol-
erability profile to calcium carbonate!>> and/or other
conventional phosphate binders.?®! As occurred in
short-term trials, the most common treatment-emer-
gent adverse events associated with up to 2 years’
treatment with lanthanum carbonate were of a gas-
trointestinal nature.[2>:26:28.33-33]

e In the 6-month trial,>3] the overall incidence of
treatment-emergent adverse events was approxi-
mately 78% in both lanthanum carbonate (n = 533)
and calcium carbonate (n = 257) treatment groups,
with vomiting (18.4% vs 11.2%), nausea (15.9% vs
12.7%) and diarrhoea (12.6% vs 9.7%) the most
frequently reported adverse events. Treatment-
emergent adverse events occurring in 5-10% of
patients in either treatment group were hypotension,
headache, dialysis graft occlusion, constipation,
cramps, bronchitis and rhinitis, with most of these
being of a mild-to-moderate nature.?”
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® The most common treatment-emergent adverse
events in the 2-year trial®® in patients receiving
lanthanum carbonate were nausea, vomiting, dialy-
sis graft complication, diarrhoea, dizziness and
dyspnoea (figure 3).091 Adjusted tolerability data are
presented since patients receiving conventional
phosphate binders had a longer duration of treatment
than lanthanum carbonate recipients (422 vs 304
days) [method of data adjustment was not report-
ed].l2o!

e Moreover, drug-related adverse events occurred
in 21.2% of lanthanum carbonate recipients versus
9.1% of conventional phosphate binder therapy re-
cipients (exposure-adjusted data). The severity and
nature of these events was not reported.?°!

e Serious adverse events occurred in 21.4% of
patients receiving lanthanum carbonate compared
with 30.0% of patients receiving calcium carbonate
in the 6-month trial.”>! The nature of these adverse
events and their relationship to the drug were not
reported.?)

e The incidence of serious treatment-emergent ad-
verse events in the 2-year trial®® was 51% in the
lanthanum carbonate group versus 47.1% in the
conventional phosphate binder group (exposure-ad-
justed data). These events were renal transplant
(6.5% vs 6.6% with conventional phosphate bind-
ers), dialysis graft occlusion (6.5% vs 5.6%), myo-
cardial infarction (3.6% vs 4.0%), pneumonia (3.2%
vs 4.0%) and cardiac failure (3.2% vs 4.2%).12°!
Whether these events were drug related was not
reported. 2]

e In a 2-year extension study?! of the 6-month
extension study®¥ of the 6-month trial,!*! the major-
ity of treatment-emergent adverse events were of
mild or moderate severity. Drug-related adverse
events occurred in 23% of patients with between 2
and 6 of the 161 patients experiencing each of the
the following drug-related adverse events: diar-
rhoea, abdominal pain, nausea, constipation, eosi-
nophilia, dyspepsia, hyperparathyroidism (aggravat-
ed), myalgia and tooth disorder.!8!

Other Adverse Effects
® In the 1-year phase III trial® on the effect of
treatment on the evolution of renal bone disease in
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Fig. 3. Comparative tolerability of long-term treatment with lanthanum carbonate in patients with hyperphosphataemia. The most frequent
treatment-emergent adverse events (occurring in >20% in either treatment group, prior to data adjustment for exposure) in a 2-year,
randomised, nonblind, multicentre trial are shown.!?! Data from the conventional phosphate binder group were adjusted for the duration of
treatment since these patients received treatment for 422 days compared with 304 days for patients receiving lanthanum carbonate.
Patients aged >12 years with chronic renal failure requiring haemodialysis three times a week (for at least the previous 2 months) with a
serum phosphorus level of >5.9 mg/dL were enrolled in the trial. Patients entered a 1- to 3-week screening and washout period followed by
a 6-week dose-titration period where patients were randomised to receive lanthanum carbonate (elemental lanthanum 375-3000 mg/day) or
their pre-study conventional phosphate binder treatment (calcium carbonate, calcium acetate or sevelamer). A long-term maintenance
period followed, giving a total trial duration of up to 2 years. Criteria for defining adverse events were not reported. All randomised patients
were included in the analysis of tolerability data. Data available as abstract and poster. NW = Non-WHO-Adverse Reaction Terminology.

e In addition, there was no accumulation of lantha-
num in bone over the study period in lanthanum
carbonate recipients in this study (median bone con-
centration at study end 1.8 pg/g; baseline value not
reported).?!

patients with chronic renal failure, fewer lanthanum
carbonate recipients (n = 33) had renal bone disease
(either adynamic bone disease, osteomalacia or
hyperparathyroidism) at study end than at baseline
(6 vs 12 patients); in contrast, in the calcium carbon-
ate group, 16 of 30 patients had renal bone disease at
study end compared with 13 patients at baseline
(primary endpoint was tolerability) [no statistical
analysis reported]. Also, of the patients with normal

e Furthermore, hypercalcaemia (serum calcium
>10.6 mg/dL) occurred in 49% of calcium carbonate
recipients, but in only 6% of lanthanum carbonate

or increased bone turnover at baseline, six patients
in the calcium carbonate group (n = 23) compared
with one patient in the lanthanum carbonate group
(n = 26) had developed adynamic bone disease by
study end.*”!
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recipients in the 1-year trial.?®! In the 6-month
trial,’>>! hypercalcaemia was reported in 50-fold
more patients treated with calcium carbonate than
with lanthanum carbonate (20.2% vs 0.4%).”>5! The
respective incidence of hypercalcaemic episodes (a
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serum calcium level of >10.4 mg/dL) was approxi-
mately 40% versus 6% (p < 0.001).12

5. Dosage and Administration

Formal dosage recommendations for lanthanum
carbonate are not yet available. Nonetheless, in most
clinical trials,?>?72% dosages of elemental lantha-
num 375 or 750 mg/day were used at initiation of
treatment and did not exceed 3000 mg/day during
treatment. Lanthanum carbonate is clinically effec-
tive at elemental lanthanum dosages >675 mg/
day.*! Modal dosages were generally not reported;
however, most patients (=70%) in the placebo-
controlled phase III trial®” and the trial in Chinese
patients®?  received  elemental  lanthanum
2250-300017 or 1500-2500132! mg/day. The maxi-
mum tolerated dose is yet to be defined.

Lanthanum carbonate is administered orally as
chewable tablets.!?”! In clinical trials, lanthanum car-
bonate tablets contained elemental lanthanum 125,
250025:27:321 or 500mg.13?

As with other phosphate binders,!!! lanthanum
carbonate is administered at meal times, either
with!!1:18:19291 or immediately after food;?!?>?"] thus,
the daily dose is divided between two or three
meals.?7!

6. Lanthanum Carbonate: Current Status

In the treatment of hyperphosphataemia in pa-
tients with chronic renal failure requiring haemodi-
alysis, lanthanum carbonate was as effective as cal-
cium carbonate and other conventional phosphate
binding agents during longer-term trials and more
effective than placebo during short-term trials. This
novel phosphate binder was generally well tolerated,
with recipients experiencing significantly fewer
hypercalcaemic episodes than those receiving calci-
um carbonate. Sweden is the first EU country to
grant approval for lanthanum carbonate®® and ap-
proval is currently being sought in the US and
Canada.’!
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