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♦ Background: The efficacy of the phosphate  binder 
lanthanum carbonate has been demonstrated for 
 hemodialysis patients, but no studies have focused on 
patients undergoing continuous ambulatory perito-
neal dialysis (CAPD). We evaluated whether lanthanum 
carbonate could control phosphate levels in patients  
on CAPD.
♦ Methods: In this 48-week open-label prospective study, 
28 patients on CAPD with a phosphate level of 6 mg/dL 
or greater were given lanthanum carbonate titrated from 
750 mg to 2250 mg daily to achieve a target serum phos-
phate level of less than 6 mg/dL. The primary efficacy 
endpoint was reduction of serum phosphate to less than 
6 mg/dL. Serum levels of calcium and parathyroid hor-
mone were also evaluated, as were the Ca×P product and  
adverse effects.
♦ Results: From week 4 to the end of the study at week 48, 
we observed a significant reduction of serum phosphate to 
5.25 ± 0.97 mg/dL from 6.88 ± 1.06 mg/dL at study start 
(p < 0.01). At the end of the study, 78.6% of participants 
had achieved the target of less than 6 mg/dL. Because 
no change of serum calcium occurred, the Ca×P product 
declined significantly during the study. Intact parathyroid 
hormone declined gradually over the study period, but the 
change had not reached significance at the end of the study 
(p = 0.11). The mean final dose of lanthanum carbonate was 
946 mg daily. The only adverse effect reported was mild 
nausea in 1 patient.
♦ Conclusions: Lanthanum carbonate is an effective phos-
phate binder that can control serum phosphate and Ca×P 
product in CAPD patients with hyperphosphatemia. Lantha-
num carbonate was well tolerated in our population.
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Hyperphosphatemia is a silent killer in the dialysis 
population, and phosphate control is critical. 

Although serum phosphate is not initially high, phos-
phate retention eventually contributes to the develop-
ment of cardiovascular disease in dialysis patients (1–3). 
Active management of hyperphosphatemia is therefore 
essential in patients on dialysis. Restriction of dietary 
phosphate intake and administration of phosphate 
binders are the standard methods used in attempting to 
prevent hyperphosphatemia in dialysis patients.

Dietary restriction can reduce serum concentrations 
of phosphate, fibroblast growth factor 23, and para-
thyroid hormone (PTH), although the normal range will 
not be reached (4). As a result, oral phosphate binders 
are frequently required. In dialysis patients, phosphate 
excretion is essentially absent, and so oral phosphate 
binders are given to limit phosphate absorption (5). 
Secondary hyperparathyroidism may also contribute to 
hyperphosphatemia by enhancing the release of calcium 
phosphate from bone (6).

At present, the major medications for lowering serum 
phosphate are calcium-containing phosphate binders 
and non-calcium-containing phosphate binders such 
as sevelamer hydrochloride and lanthanum carbonate. 
Calcium carbonate, particularly if combined with inappro-
priate vitamin D therapy, can give rise to hypercalcemia 
and potentially to metastatic calcification (7). Sevelamer 
hydrochloride is a nonabsorbable agent that contains 
neither calcium nor aluminum, but that lowers bicarbon-
ate levels, potentially promoting metabolic acidosis (8). 
Another non-calcium-containing phosphate binder is 
lanthanum carbonate, which has been shown in multiple 
studies using various dosing regimens to be effective for 
reducing phosphate levels in dialysis patients (9).
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Despite the many reports about the eff icacy of 
lanthanum carbonate in hemodialysis patients, few 
studies have been conducted in patients undergoing con-
tinuous ambulatory peritoneal dialysis (CAPD) (9–19). 
Accordingly, the aim of the present study was to evaluate 
the efficacy and safety of lanthanum carbonate in CAPD 
patients with hyperphosphatemia.

METHODS

SUBJECTS

Men and women more than 20 years of age who had 
been on CAPD for at least 12 weeks were eligible to enter 
the study if their serum phosphate was 6.0 mg/dL or 
greater. Patients were considered suitable for inclusion 
if they were receiving CAPD for end-stage renal disease 
and had a serum phosphate level consistently at or over 
6.0 mg/dL, confirmed in two consecutive measurements 
during an 8-week observation period. All subjects used a 
dialysate with 2.5% calcium and performed 4 exchanges 
of a 2-L bag over 24 hours.

Exclusion criteria included serum phosphate less 
than 6.0 mg/dL or more than 10 mg/dL, corrected serum 

calcium less than 8.0 mg/dL or more than 11.0 mg/dL, 
and intact PTH exceeding 800 pg/mL after the 8-week 
observation period at the start of the study, as well as 
other clinically significant laboratory abnormalities and 
significant gastrointestinal disorders such as colonic 
diverticulosis or malignancy.

Although 35 candidates had a serum phosphate level 
of 6 mg/dL or more at the start of observation, the study 
enrolled just 28 subjects at the end of observation. Exclusion 
criteria eliminated 4 patients with a corrected serum cal-
cium of less than 8.0 mg/dL or more than 11.0 mg/dL  
and 3 patients with an intact PTH level exceeding  
800 pg/mL during the observation period (Figure 1).

Of the 28 study patients, 23 were being treated with 
various combinations of phosphate binders, vitamin D, 
and cinacalcet (calcium carbonate in 6 patients, calcium 
carbonate plus sevelamer hydrochloride in 2 patients, 
calcium carbonate plus cinacalcet in 2 patients, calcium 
carbonate plus vitamin D in 1 patient, calcium carbonate 
plus sevelamer hydrochloride plus vitamin D in 1 patient, 
sevelamer hydrochloride plus cinacalcet in 3 patients, 
sevelamer hydrochloride plus cinacalcet plus vitamin D 
in 1 patient, cinacalcet in 4 patients, cinacalcet plus 
vitamin D in 2 patients, and vitamin D in 1 patient). The 

Figure 1 — Study enrollment.
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dosages of those agents were not changed during the 
study period.

The study protocol was reviewed and approved by 
the ethics committee at each study site, and informed 
consent was obtained from each subject.

STUDY DESIGN

This non-comparative open-label dose-escalation 
study set out to assess the efficacy and safety of lantha-
num carbonate for reducing serum phosphate in CAPD 
patients with hyperphosphatemia.

After the 8-week observation period and before dose 
titration with lanthanum carbonate began, confirmation 
was obtained that the patients who met the inclusion 
criteria still had a serum phosphate level of 6.0 mg/dL or 
greater. Phosphate binders (calcium carbonate or seve-
lamer hydrochloride), vitamin D, and cinacalcet could be 
continued without any change of dose—but could not be 
initiated—during the study.

At 4, 8, 12, 24, and 48 weeks, venous blood samples 
were obtained from all patients after an overnight fast. 
Serum phosphate, calcium, albumin, and other biochemi-
cal parameters were determined using an automated multi-
analyzer. Intact PTH was measured using a commercially 
available electrochemiluminescence detection system. 
The dialysate-to-plasma ratio of creatinine (D/P Cr) was 
calculated to assess peritoneal membrane function.

Every 8 weeks, the dose of lanthanum carbonate was 
titrated from an initial daily dose of 750 mg to a maximum 
of 2250 mg according to the patient’s serum phosphate. 
Patients took their daily dose of chewable tablets in 3 
equal portions after meals. Drug compliance was con-
firmed by interview with the patients every 4 weeks.

ANALYSIS OF EFFICACY AND SAFETY

The primary endpoint for the study was reduction in 
serum phosphate to between 3.5 mg/dL and 6.0 mg/dL  
at the end of the treatment period. Secondary endpoints 
included corrected serum calcium, Ca×P product, and 
intact PTH. Achievement of the primary endpoint in 
more than 50% of subjects was considered to indicate 
the efficacy of lanthanum carbonate.

A safety analysis summarized the incidence of adverse 
events and drug-related laboratory abnormalities.

STATISTICAL ANALYSIS

Results are reported as mean ± standard deviation, 
with p < 0.05 indicating significance. A D’Agostino–
Pearson K2 omnibus test was used to confirm normal 

distribution of the data. After normal distribution was 
confirmed, changes in the variables throughout the study 
were analyzed using a repeated-measures analysis of 
variance. A Bonferroni test assessed differences between 
values at the start and throughout the study. If normal 
distribution was not confirmed, a Friedman test was 
performed. Correlations between serum phosphate and 
age, body mass index, D/P Cr, serum phosphate, serum 
calcium, and intact PTH at week 0 were determined by 
linear regression analysis.

RESULTS

DEMOGRAPHIC PROFILE

In the 28 CAPD patients (16 men, 12 women; mean 
age: 57.4 ± 9.0 years), underlying renal diseases were 
chronic glomerulonephritis in 22 patients, diabetic 
nephropathy in 4, and nephrosclerosis in 2. All 28 
patients completed the 48 weeks of treatment. One 
subject suffered from mild nausea for about 7 days, 
but the nausea subsided as treatment with lanthanum  
carbonate continued.

DOSE OF LANTHANUM CARBONATE

In most patients, lanthanum carbonate was main-
tained at the initial dose of 750 mg daily. The final daily 
dose was 750 mg in 22 patients (78.6%), 1000 mg in 
1 patient (3.6%), 1500 mg in 3 patients (10.7%), and 
2250 mg in 2 patients (7.1%). The mean dose of lantha-
num carbonate was 946 mg daily.

SERUM PHOSPHATE

From the start of lanthanum carbonate therapy, mean 
serum phosphate declined significantly and progres-
sively over the study period, with mean serum phosphate 
being 6.88 ± 1.06 mg/dL, 6.14 ± 1.30 mg/dL, 5.96 ±  
1.47 mg/dL, 5.63 ± 1.23 mg/dL, 5.33 ± 1.15 mg/dL, 
and 5.25 ± 0.97 mg/dL at 0, 4, 8, 12, 24, and 48 weeks 
respectively (Figure 2, p < 0.01). The mean reduction 
in serum phosphate from start to end of the study was 
1.63 mg/dL. The percentage of patients with a serum 
phosphate level less than 6 mg/dL was 35.7%, 53.6%, 
60.7%, 75.0%, and 78.6% at 4, 8, 12, 24, and 48 weeks 
respectively (Figure 3).

SERUM CALCIUM AND INTACT PTH

The mean corrected serum calcium did not change 
during the study period (Figure 4). Changes of the 
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SAFETY

Treatment with lanthanum carbonate was gener-
ally well tolerated. During the study period, 1 patient 
 complained of nausea for 7 days at 4 weeks after treat-
ment start. The symptom was transient and subsided as 
the patient continued to take lanthanum carbonate.

No clinically or statistically significant changes of 
hematologic or biochemistry test results were observed.

DISCUSSION

The present study set out to evaluate the efficacy of 
lanthanum carbonate for controlling serum phosphate in 
CAPD patients with hyperphosphatemia. Of 28 subjects, 
5 received lanthanum carbonate monotherapy for hyper-
phosphatemia; the other 23 patients had phosphate levels 
of 6 mg/dL or greater despite receiving standard treatment 
for hyperphosphatemia. Most of the subjects therefore had 
hyperphosphatemia resistant to standard treatment.

Ca×P product were consistent with those of serum 
phosphate (60 ± 9 mg2/dL2 at 0 weeks to 46 ± 8 mg2/
dL2 at 48 weeks, p < 0.01, Figure 5). Serum intact PTH 
declined gradually over the study period, but the change 
had not reached significance at study end (p = 0.11,  
Figure 6).

RELATIONSHIP BETWEEN SERUM PHOSPHATE AND OTHER 
CLINICAL PARAMETERS

The change in serum phosphate correlated inversely 
with serum phosphate at 0 weeks, and lanthanum car-
bonate was more effective in CAPD patients with a higher 
baseline serum phosphate. We observed no relationship 
between change in serum phosphate and age, body mass 
index, D/P Cr, corrected serum calcium, or intact PTH 
(Table 1).

Figure 2 — Serum phosphate level throughout the study 
(mean ± standard deviation). The mean phosphate level 
 declined significantly and progressively during the study.

Figure 4 — Serum calcium (mean ± standard deviation) was 
unchanged throughout the study.

Figure 5 — Ca×P product (mean ± standard deviation) declined 
significantly and progressively throughout the study.

Figure 3 — The percentage of patients with serum phosphate 
less than 6 mg/dL increased throughout the study period.
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The primary endpoint of our study was reduction in 
serum phosphate to less than 6 mg/dL. At the end of the 
study, 78.6% of the subjects had achieved that target. 
Lanthanum carbonate reduced serum phosphate without 
increasing corrected serum calcium. As a result, the Ca×P 
product remained within the normal range. It is notewor-
thy that 78.6% of patients were able to be maintained 
on the initial lanthanum carbonate dose of 750 mg daily, 
with only 3.6%, 14.8%, and 11.1% of patients needing 
up-titration to 1000 mg, 1500 mg, and 2250 mg daily 
respectively. The optimum dose of lanthanum carbon-
ate for controlling hyperphosphatemia in CAPD patients 
therefore seems to be lower than that for patients on 
hemodialysis (10–15,17), because the median dose 
required to improve hyperphosphatemia in hemodialysis 
patients is 1250 mg daily (17,20). Two possible explana-
tions for that difference can be suggested: First, of 28 
patients in the present study, 14 (50.0%) were taking 
calcium carbonate, and 8 (28.6%) were using sevelamer 
hydrochloride. Therefore, 78.6% of the patients were 

already taking other phosphate binders that were con-
tinued during the study. Second, in CAPD patients, a slow 
but continuous transfer of phosphate occurs between 
plasma and dialysate, with net diffusion into dialysate. 
In contrast, patients on hemodialysis show a trough level 
of serum phosphate during dialysis that rebounds to the 
pre-dialysis level within 2 – 3 hours after completion 
of the session. Accordingly, net removal of phosphate 
is likely to be higher with CAPD than with hemodialysis 
(21), which may partly account for the decline of serum 
phosphate with a lower dose of lanthanum carbonate in 
the present study and in other reports (22).

Our study population showed a low incidence of 
adverse events. As with other phosphate binders, the 
most common adverse events caused by lanthanum car-
bonate are gastrointestinal symptoms such as nausea 
and vomiting that lead to withdrawal from treatment. 
Use of lanthanum carbonate was well tolerated by our 
CAPD patients, and no subject dropped out because of 
adverse effects. The relatively low dose of lanthanum 
carbonate (mean: 946 mg daily) that was sufficient to 
control serum phosphate levels may have contributed 
to the low rate of side effects.

Two principal treatment modalities—restriction of 
dietary phosphate intake and administration of phos-
phate binders—are used in attempting to prevent or 
reverse hyperphosphatemia in patients undergoing 
dialysis. Many patients require oral phosphate  binders 
to control their serum phosphate. The major drugs 
available to lower serum phosphate are classified as 
calcium- containing or non-calcium-containing. There 
is no evidence that the use of one type of agent rather 
than another results in a significant clinical benefit 
with respect to mortality and morbidity. However, rely-
ing on a calcium-containing phosphate binder (calcium 
carbonate) increases the risk of a positive calcium bal-
ance, particularly when combined with vitamin D therapy 
(23,24). Sevelamer hydrochloride is a nonabsorbable 
cationic polymer that binds phosphate through ion 
exchange; it contains neither calcium nor aluminum. The 
incidence of adverse events with sevelamer hydrochloride 
is higher compared with that with calcium carbonate 
(25). Lanthanum carbonate is another non-aluminum- 
and non-calcium-containing phosphate binder that is 
available for the management of hyperphosphatemia in 
patients with end-stage renal disease. After oral admin-
istration, it dissociates in the upper gastrointestinal tract 
to release lanthanum ions that bind with phosphate and 
effectively decrease gastrointestinal phosphate absorp-
tion through the formation, with dietary phosphate, 
of highly insoluble complexes that are subsequently 
excreted (15,16,26,27). The present study shows that 

Figure 6 — Serum intact parathyroid hormone [PTH (mean 
± standard deviation)] declined gradually throughout 
the study, but had not reached significance at the end of  
the study.

TABLE 1 
Relationship Between Changes of Serum Phosphate 

and Clinical Parameters at the Start of the Study

  r p Value

	 Age 0.171 0.388
 BMI –0.273 0.161
 D/P Cr –0.044 0.828
 P –0.586 0.001
 Ca 0.136 0.493ΔP

ho
sp

ha
te

 v
s

 Intact PTH 0.043 0.830

BMI = body mass index; D/P Cr = dialysate-to-plasma creati-
nine; PTH = parathyroid hormone.
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lanthanum carbonate is an effective phosphate binder 
that can control serum phosphate levels in patients on 
CAPD, with treatment achieving a significantly lower 
serum phosphate and Ca×P product almost without  
side effects.

Various animal and human studies have revealed 
that lanthanum is minimally absorbed and not metabo-
lized, accumulating at low concentrations in bone and 
liver (16,26,27). Lanthanum carbonate tablets can be 
visualized clearly on plain radiographs, with a density 
between that of bone and metal. Patients taking lan-
thanum carbonate will therefore have the drug in the 
gastrointestinal tract at the time of radiologic exami-
nations, and they should be instructed to chew their  
tablets well (28).

The present study has several limitations, including a 
small sample size, no blinding, and no comparison with 
a placebo control. In particular, the lack of a control 
arm is a major limitation. Patients may have improved 
their adherence to medication and diet during the study, 
which might account for much of the reduction in serum 
phosphate. A control arm could have compensated for 
such potential confounders. Given the lack of a control 
arm, the efficacy of lanthanum carbonate was assessed 
on the basis of the percentage of subjects achieving the 
primary endpoint. A placebo-controlled study of lan-
thanum carbonate that included hemodialysis patients 
(n = 15) and CAPD patients (n = 21) was previously per-
formed by Al-Baaj et al. (19), and they achieved results 
similar to ours. Their patients had a phosphate level of 
4.03 – 5.58 mg/dL at a lanthanum dose of 375 – 2250 mg 
daily; the patients were then randomized to continue 
maintenance therapy with lanthanum carbonate (n = 
17) or to receive placebo (n = 19). Acceptable phosphate 
levels were maintained in 64.7% of the lanthanum 
carbonate–treated patients compared with 21.4% of 
those in the placebo group. The mean daily dose of lan-
thanum carbonate calculated from the data in that study  
was 1213 mg.

We also could not assess the difference between 
lanthanum carbonate as add-on therapy compared 
with monotherapy because of the small number of 
patients receiving monotherapy. Moreover, lanthanum 
carbonate was generally well tolerated during this 
study, but adverse effects could emerge during long- 
term treatment.

CONCLUSIONS

Lanthanum carbonate is an effective phosphate binder 
that lowers serum phosphate in CAPD patients without 
increasing serum calcium. Lanthanum carbonate was well 

tolerated in our population of CAPD patients. In future, 
the long-term efficacy and safety of lanthanum carbon-
ate for CAPD patients should be investigated.
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