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Abstract

Introduction Recent clinical studies demonstrated the favorable effects of calcium-free phosphate binders on mortality and
vascular calcification in hemodialysis (HD) patients. The aim of the present study was to investigate the effects of a calcium-
free phosphate binder, lanthanum carbonate (LC), on bone metabolic markers and bone mineral density (BMD), compared
with those of calcium carbonate (CC), in subjects new to HD.

Materials and Methods The present study included 65 subjects from our previous randomized controlled trial (LC group,
N=31; CC group, N=34). We investigated the effects of LC on serum intact parathyroid hormone (iPTH), osteocalcin (OC),
bone-specific alkaline phosphatase (BAP), tartrate-resistant acid phosphatase 5b (TRACP-5b), sclerostin levels, and BMD,
compared with those of CC in patients new to HD at baseline and at 12 and 18 months.

Results Serum OC levels at 18 months were significantly higher in the LC group than in the CC group. During the study
period, serum BAP and TRACP-5b and iPTH levels tended to be higher in the LC group than in the CC group. At 18 months,
the percentage of low bone turnover, based on a serum BAP cutoff value, was significantly lower in the LC group than in the
CC group. There were no significant differences in the lumbar and femoral BMD between the two groups.

Conclusions The results of the present study suggest that LC has potential in preventing low bone turnover, in comparison

to CC, in patients new to HD.

Keywords Lanthanum carbonate - Bone metabolic marker - Low bone turnover - Non-calcium-containing phosphate

binder - Initiation of hemodialysis

Introduction

Bone fracture in patients with chronic kidney disease (CKD)
is more prevalent compared with the general population [1,
2] and is associated with hospitalization and mortality [3].
Therefore, attempts to prevent bone fracture are important
for patients with CKD. Hyperphosphatemia is one of the
main therapeutic targets for CKD and mineral bone disorder
(CKD-MBD), because it can result in secondary hyperpar-
athyroidism [4] and lead to critical bone abnormalities.
Nowadays, various phosphate binders are available in the
clinical setting and are broadly classified into two types,
including non-calcium containing and calcium containing.
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Because the former seems to have more favorable effects on
the progression of vascular calcification and mortality, com-
pared with those of latter [5], the Kidney Disease: Improv-
ing Global Outcomes (KDIGO) clinical guideline updated
in 2017 suggests restriction of the dose of calcium-based
phosphate binders [6]. Lanthanum carbonate (LC) is one
of non-calcium-containing phosphate binders that had been
reported to prevent the progression of vascular calcification,
compared with the effects of calcium-containing phosphate
binders [7, 8]. In fact, several clinical studies have exam-
ined the effects of LC on bone metabolism, in comparison
with those of calcium-containing phosphate binders [9-13];
however, these were limited by the relatively small sample
size, short observational period, and the inclusion of partici-
pants who were all under maintenance hemodialysis (HD).
Therefore, the effects of LC on bone mineral metabolism
particularly in patients who have been newly initiated HD,
were not fully elucidated. As a previous study demonstrated
that changes in bone mineral metabolism during the first
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6 months of HD initiation were associated with mortality
[14], newly initiated HD patients should be treated with a
phosphate binder that has favorable effects on CKD-MBD.

Considering these results, we believe that it is crucial to
investigate the effect of LC on bone metabolism during the
early period after initiating HD. The aim of the present study
was to examine the effect of LC on markers of bone metabo-
lism and bone mineral density (BMD) compared with that of
calcium carbonate (CC), in patients new to HD.

Materials and methods
Study design and data collection

The present study was a post hoc analysis from our previous
randomized controlled trial [7]. In brief, 105 subjects who
were started on HD at five institutions between December
2012 and June 2014 were enrolled and randomly divided
into the LC and CC groups. The trial focused on the effect of
LC on coronary artery calcification (CAC), compared with
that of CC. The protocols were approved by the appropriate
institutional review committee (no. 230019) and performed
in accordance with the recommendations of the Declara-
tion of Helsinki for Biomedical Research involving human
subjects.

Patients in each group were prescribed LC or CC at a
dose that keeps serum phosphate levels between 3.5 and
6.0 mg/dL according to the Japanese Society for Dialysis
Therapy guidelines [15]. When serum phosphate levels
could not be maintained within the target range by either
one of the drugs or patients could not take a higher dose of
these drugs, only sevelamer or bixalomer use was permit-
ted. Although the administration of cinacalcet and vitamin
D agent was not permitted, vitamin D agent could be used
only in case of severe hypocalcemia. Attending physicians
could modify their medication other than phosphate binder,
vitamin D agents, and cinacalcet freely.

The current study excluded patients whose blood samples
were not available for measurement of serum bone meta-
bolic markers. From the previous study patients, 65 sub-
jects were included in the present study (LC group, N=31;
CC group, N=34). The main outcomes included changes in
bone metabolic markers and BMD during the study period.
We evaluated the serum levels of osteocalcin (OC), bone-
specific alkaline phosphatase (BAP), tartrate-resistant acid
phosphatase isoform type 5b (TRACP-5b), and sclerostin at
baseline and at 12 and 18 months. At the same time of the
measurement of the bone metabolic markers, assessment of
BMD at the lumbar spines and femoral neck was also per-
formed. The other laboratory data and medical history of the
patients were previously collected [7].
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We estimated the proportion of subjects with low bone
turnover according to the cutoff values of OC (<36.2 ng/
mL), BAP (<12.9 pg/L), and TRACP-5b (<460 mU/dL)
that were reported by previous diagnostic accuracy studies
on the association between bone markers and biopsy-proven
low bone turnover [16, 17].

Sample and BMD measurements

We collected blood samples at baseline, 12 months, and
18 months after starting LC. The samples were stored at
— 80 °C in the freezer. The assays used for measurement
were the immunoradiometric assay (BGP-IRMA; LSI Medi-
ence Corporation, Tokyo, Japan) for serum OC; chemilu-
minescent enzyme immunoassay (Access Ostase; Beckman
Coulter, Tokyo, Japan) for serum BAP; enzyme immuno-
assay (Osteolinks TRAP-5b; Nittobo Medical, Fukushima,
Japan) for serum TRACP-5b; and enzyme-linked immu-
nosorbent assay (Sclerostin ELISA; Biomedica Medizin-
produkte, Vienna, Austria) for serum sclerostin.

The BMD at the lumbar spines (mean of L2-L.4) and at
the femoral neck was measured by dual energy X-ray absorp-
tiometry (Discovery A, Hologic, Bedford, MA, USA). The
diagnosis of osteoporosis was based on the definition by the
World Health Organization criteria [18].

Statistical analysis

Data are expressed as mean + standard deviation, median
and interquartile range, or proportions. We used unpaired ¢
test and Chi square test to compare the characteristics of the
subjects between the LC and CC groups. The variables with
skewed distribution were logarithmically transformed before
analyses. Bone metabolic marker and BMD changes during
the study period were analyzed in both groups using the
paired ¢ test. A p value of less than 0.05 was considered sta-
tistically significant. All statistical analyses were performed
using IBM SPSS statistics version 24.0 (Chicago, IL, USA).

Results
Patients’ characteristics

The baseline characteristics of the subjects are summa-
rized in Table 1. There were no statistically significant
differences in age, sex, estimated glomerular filtration
rate, corrected calcium, phosphate, iPTH, vitamin D use,
dialysate calcium concentration, and lumbar and femoral
BMD between the LC and CC groups. Serum iPTH, OC,
BAP, TRACP-5b, and sclerostin levels were compara-
ble between the two groups. Likewise, the proportions
of low bone turnover, based on the cutoff values of the
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Table 1 Baseline characteristics

. Calcium carbonate Lanthanum carbonate p value
of patients (n=34) (n=31)
Age (years) 65+11 64+13 NS
Sex (male) (%) 23 (67.6) 26 (83.9) NS
Body mass index (kg/m?) 24.0+3.7 24.7+4.5 NS
Hypertension (%) 33 (97.1) 29 (93.5) NS
Diabetes mellitus (%) 13 (38.2) 17 (54.8) NS
Vitamin D (%) 13 (38.2) 11 (35.5) NS
Dialysate calcium concentration
3.0 mEq/L (%) 29 (85.3) 29 (93.5) NS
2.75 mEq/L (%) 1(2.9) 0(0.0) NS
2.5 mEq/L (%) 4 (11.8) 2(6.5) NS
Hemoglobin (g/dL) 85+1.8 87+1.4 NS
Urea nitrogen (mg/dL) 88.9+27.1 87.5+259 NS
Creatinine (mg/dL) 8.9+2.3 8.5+2.2 NS
eGFR (mL/min/1.73 m?) 52+1.2 59+24 NS
Albumin (g/dL) 3.4+05 34+06 NS
Corrected calcium (mg/dL) 8.1+0.9 8.5+0.8 NS
Phosphate (mg/dL) 59+12 6.0+1.5 NS
iPTH (pg/mL) 265.2 (196.7-435.4) 237.9 (128.0-414.9) NS
OC (ng/mL) 20.5 (12.8-34.2) 22.4 (10.7-34.0) NS
BAP (pg/L) 11.2 (8.1-14.6) 11.1 (8.4-18.8) NS
TRACP-5b (mU/dL) 529.5 (344.2-747.0) 603.0 (318.0-914.0) NS
Sclerostin (pmol/L) 84.1 (67.3-107.4) 88.1 (66.2-122.7) NS
Low bone turnover (%)
Determined by OC 26 (76.5) 25 (80.6) NS
Determined by BAP 20 (58.8) 18 (58.1) NS
Determined by TRACP-5b 13 (38.2) 13 (41.9) NS
Determined by iPTH 2(5.9) 3.7 NS
Lumbar BMD (g/cm?) 1.1+0.3 1.0+£0.3 NS
Femoral BMD (g/cm?) 0.7+0.2 0.7+0.2 NS

Values are expressed as mean + standard deviation, median and interquartile or proportions

eGFR estimated glomerular filtration rate, iPTH intact parathyroid hormone, OC osteocalcin, BAP bone-
specific alkaline phosphatase, TRACP-5b tartrate-resistant acid phosphatase 5b, BMD bone mineral den-

sity, NS not significant

bone markers, were not different between the two groups.
Twenty percent of the study subjects had osteoporosis (T
score = —2.5). At the end of study, there were no signifi-
cant differences in the dialysate calcium concentration
between the two groups. Vitamin D use was not different
between the LC and CC groups [25 (81%) vs. 22 (65%),
respectively].

During the study periods, we observed adverse events/
effects including diarrhea (3%), constipation (6%), rash
(5%), and gastrointestinal hemorrhage (3%). Two patients
received coronary artery bypass graft, one patient was
diagnosed with angina pectoris, and one patient was diag-
nosed with heart failure. There was no statistically signif-
icant difference in these events between the two groups.

Effects of LC and CC on serum phosphate, calcium,
and iPTH

Upon completion of the study, serum phosphate levels in 42
patients (65%) were controlled within the target range of the
clinical guidelines in Japan [15] [LC group, N=23 (74%);
CC group, N=19 (56%)]. In 20 patients (31%), at the end of
study, the values of phosphate, corrected calcium, and iPTH
were all within the recommended ranges [15].

The changes in serum phosphate, calcium, and iPTH
levels in the two groups are shown in Fig. 1. Serum phos-
phate levels were comparable between the LC and CC
groups. At 18 months, compared with the CC group, the
LC group had lower serum calcium levels (8.8 +0.6 mg/
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Fig.1 Changes in the CKD-MBD parameters during the study period: a serum-corrected calcium levels, b serum phosphate levels, ¢ serum
intact parathyroid hormone levels. CKD-MBD chronic kidney disease—mineral bone disorder, iPTH intact parathyroid hormone

dL vs. 9.1 +0.6 mg/dL) and higher serum iPTH levels [149
(90-200) pg/mL vs. 113 (52-215) pg/mL] although not sta-
tistically significant.

Effects of LC and CC on bone metabolic markers
and BMD

As depicted in Fig. 2, serum OC levels from baseline to
12 and 18 months increased in the LC group and remained
unchanged in the CC group. Moreover, serum OC levels were
significantly higher in the LC group than in the CC group at
12 months [28.4 (17.2—43.4) ng/mL vs. 20.2 (15.0-30.3) ng/
mL, p <0.05] and at 18 months [30.0 (18.9-53.2) ng/mL
vs. 21.7 (15.3-28.3) ng/mL, p <0.05]. At 18 months, com-
pared with the CC group, the LC group had higher serum
BAP [11.9 (8.1-18.5) pg/L vs. 9.5 (8.0-12.9) pg/L] and
TRACP-5b levels [456.0 (228.0-644.0) mU/dL vs. 326.5
(183.3—487.5) mU/dL] although not statistically significant.
Serum sclerostin levels were similar between the two groups.

The percentage of low bone turnover was significantly
smaller in the LC group than in the CC group at 18 months
(Fig. 3), when classified by the serum BAP cutoff value
(51.6% vs. 76.5%, p <0.05). The percentage of low bone
turnover at 18 months, although not statistically significant,
was smaller in the LC group than in the CC group, based on
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the other bone metabolic markers, including OC (61.3% vs.
79.4%), and TRACP-5b (51.6% vs. 67.6%). These results
indicated that, at the end of study, more patients had low
bone turnover in the CC group than in the LC group.

Upon completion of the study, the lumbar spines and
femoral neck BMD in both groups were not significantly
different from their baseline value (Fig. 4). Both lumbar and
femoral BMD were comparable between the LC and CC
groups. The proportion of subjects who had osteoporosis
was similar between the two groups (LC vs. CC, 20.0% vs.
25.0%).

Discussion

In this study, we demonstrated that (1) serum OC levels
were significantly higher in the LC group than in the CC
group; (2) at 18 months, serum BAP and TRACP-5b levels
tended to be higher in the LC group than in the CC group;
(3) the proportion of low bone turnover based on the BAP
cutoff value was significantly smaller in the LC group than
in the CC group; (4) the proportion of subjects with low
bone turnover, as determined by OC, TRACP-5b, or iPTH
cutoff values, tended to be smaller in the LC group than in
the CC group.
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Bone biopsy is useful and the gold standard test for evalu-
ation of the state of bone abnormalities. However, it is dif-
ficult to perform routinely in the clinical setting, because it is
invasive and hard to perform and analyze. On the other hand,
measurements of bone metabolic markers are non-invasive
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and easy to perform repeatedly, therefore, they had been use-
ful for the assessment of changes in bone metabolism over
time [19]. Although the use of bone metabolic markers has
several limitations, it has been reported by previous clinical
trials to discriminate between high and low bone turnover
[16, 17].

Low bone turnover is thought to be associated with bone
fracture and progression of vascular calcification in patients
undergoing HD. Several studies demonstrated that low
bone turnover assessed by bone biopsy was associated with
higher arterial calcification score or CAC progression [20,
21]. Among the bone metabolic markers, OC and BAP were
reported to have an association with bone turnover, bone
fracture and vascular calcification [16, 17, 22, 23]. PTH is
also known to be a good surrogate marker for bone turnover
and bone fracture in HD patients [24-26]. A previous study
reported that HD patients with low serum PTH level (range,
5-61 pg/mL) had a higher prevalence of vertebral fracture,
compared with those with elevated serum PTH levels [25].
The results of our study demonstrated that serum OC levels
were significantly higher and serum PTH levels tended to be
higher in the LC group than in the CC group. Furthermore,
fewer patients had low bone turnover in the LC group than
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Fig.4 Changes in BMD during the study period: a lumbar spine, b femoral neck. BMD bone mineral density

in the CC group. Compared with calcium-containing phos-
phate binders, LC does not increase the calcium load and
can maintain the appropriate serum iPTH levels [10, 27].

There are several experimental studies that elucidated
the detailed mechanisms of the bone-protective effects of
LC [28-30]. Based on the results, LC may stimulate bone
formation directly. An in vitro study showed that lanthanum
ions promoted the expression of Runx2, OC, and osteopontin
in stem cells derived from human adipose tissue which are
precursors of osteoblasts [28]. In this study, the amount of
calcium deposition evaluated by the Alizarin red and von
Kossa staining was higher in the lanthanum-containing
medium than in the control medium. Another in vitro study
showed that lanthanum ion enhanced osteoblast differentia-
tion through an extracellular signal-regulated kinase phos-
phorylation via pertussis toxin-sensitive Gi protein signal-
ing [29]. An in vivo study using a CKD model of rats that
underwent parathyroidectomy and received a constant infu-
sion of PTH reported that bone formation on bone histomor-
phometry was higher in the LC group than in the non-LC
group. In particular, lanthanum treatment caused a robust
stimulation of bone formation, with activation of osteoblasts
on the endosteal surface of the femoral diaphysis, leading
to an increase in cortical bone volume. These results indi-
cated that LC may stimulate bone formation independently
of PTH [30]. Therefore, LC seems to have potential effects
of directly stimulating bone formation.

Several clinical studies have investigated the association
between LC treatment and bone metabolism. A study that
used bone histomorphometry demonstrated that the rate
of adynamic bone was smaller in the LC treatment group
than in the CC treatment group [9]. In addition, a recent
trial reported that the levels of bone metabolic markers in
HD patients were higher in the LC group than in the CC
group [13]. These findings corresponded with the results
of our study and indicated that LC, compared with CC, has
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the potential to prevent bone fracture by avoiding low bone
turnover.

Unfortunately, there were no significant differences in
BMD between the two groups in the present study. However,
our data about BMD were compatible with those of previous
reports. A previous interventional study did not find a signif-
icant difference in lumbar spine BMD between the LC and
CC groups at 18 months [8]. In addition, a 24-month ran-
domized controlled trial showed no significant differences
in BMD between the two groups [12]. Therefore, LC may
not have a great impact on BMD within a relatively short
period. If the observational period of these studies and our
study were much longer, BMD might have been improved
by LC treatment, through improvement of bone quality and
reduction of the rate of low bone turnover, compared to the
effects of CC.

Sclerostin is mainly produced by osteocytes and regu-
lates bone formation via the Wingless and Integrationl1/
beta-catenin pathway [31, 32]. Although little is known
regarding the effect of LC on sclerostin, a clinical trial on a
small number of patients reported that LC, compared with
placebo, did not significantly alter the levels of sclerostin in
patients with CKD stage 3 [33]. Likewise, our study showed
that serum sclerostin levels were comparable in the LC and
in CC groups. Further studies that include a larger number
of subjects are required to confirm the effects of LC on scle-
rostin levels.

In conclusion, our data suggest that LC, compared with
CC, has the potential to prevent low bone turnover in patients
with CKD after initiating HD. Although future studies are
required to elucidate the details, LC may provide therapeutic
benefits for bone fracture and cardiovascular disease, leading
to better clinical prognosis in patients new to HD.

A part of this study was presented at the annual meeting
of the American Society of Nephrology in 2018.
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