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Abstract
Background: Calcium carbonate is a first-line therapy for hyperphosphatemia in hemodialysis patients but is
associated with progressive coronary and aortic calcification. Sevelamer compounds are alternatives to calciumcontaining phosphate binders as they contain lower calcium levels. The sevelamer compound, bixalomer, is a
calcium-free insoluble polymer that has been shown to be effective and safe in comparison with calcium
carbonate. We therefore compared the effect of bixalomer vs calcium carbonate on coronary artery calcification in
hemodialysis patients with hyperphosphatemia.
Methods: In this open-label, randomized phase IV trial across 23 sites throughout Japan, 85 patients with chronic
kidney disease were randomized to bixalomer (n = 44) or calcium carbonate (n = 41) therapy and monitored for
12 months. Bixalomer was administered at a dosage of 1500 mg/day (500 mg three times a day) and calcium
carbonate was administered at a dosage of 3000 mg/day (1000 mg three times a day). The primary outcome was
the change in coronary artery calcium over time measured using computed tomography. Levels of serum
phosphorus, calcium, intact parathyroid hormone, and the occurrence of adverse events were also reported over
the course of the study.
Results: The mean (± standard deviation) changes in coronary artery calcium scores from baseline to 12 months
were significantly higher in the calcium carbonate vs bixalomer group (268.6 ± 320.1 vs 126.7 ± 154.8, respectively;
between-group difference p = 0.029). At 12 months in the bixalomer group, serum phosphorus and intact
parathyroid hormone levels were significantly higher; serum calcium was significantly lower (p < 0.05). The most
frequent adverse events were shunt stenosis in the bixalomer group, and shunt stenosis and common cold in the
calcium carbonate group. There were no significant between-group differences in adverse drug reaction incidences.
Conclusions: The safety profile of bixalomer was comparable to that of calcium carbonate. Bixalomer further
reduced coronary artery calcification, compared with calcium carbonate, in hemodialysis patients with
hyperphosphatemia.
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Background
Mineral and bone disorder (MBD) is common in patients
with renal failure who are on hemodialysis [1]. Abnormalities in phosphorus, calcium, parathyroid hormone (PTH),
and alkaline phosphatase are frequently seen in these patients. These abnormalities not only affect the bones and
parathyroid glands but can also lead to vascular calcification, which can contribute to cardiovascular disease and
cardiovascular death [2]. Serum concentrations of phosphorus, calcium, calcium-phosphorus product, and PTH
are significant and independent risk factors of vascular
calcification and are associated with all-cause mortality
and cardiovascular mortality in these patients [3].
Hyperphosphatemia is associated with vascular, skeletal,
and renal abnormalities. The control of serum phosphorus
concentrations in chronic kidney disease (CKD) is important to limit bone lesions or their progression, as well as to
limit the progression of vessel lesions [4].
There are global guidelines that provide treatment targets and emphasize the importance of the control of blood
phosphorus concentrations [5–7]. Kidney Disease: Improving Global Outcomes (KDIGO) has published the
KDIGO clinical practice guideline for the diagnosis, evaluation, prevention, and treatment of CKD-MBD. These
guidelines explain that tailored treatment of CKD-MBD
lowers phosphorus and maintains calcium levels [7].
Advances in diagnostic modalities have revealed a high
probability of circulatory complications and demonstrate
coronary artery calcification in chronic hemodialysis patients
[8]. Several factors have been associated with the presence
and progression of calcified coronary artery lesions. These
include hyperparathyroidism, calcium-containing dialysis
fluid, and calcium carbonate orally administered as a
phosphorus-lowering drug.
Sevelamer carbonate and sevelamer hydrochloride
are alternatives to calcium-containing phosphate
binders as they contain lower levels of calcium [9].
Compared with calcium-based phosphate binders,
sevelamer has been reported to cause fewer abnormalities of calcium and PTH, and less progressive
coronary and aortic calcification in both chronic
hemodialysis patients [10] and patients new to
hemodialysis [11]. Similar results have been reported
in a randomized study in Japan (n = 183). When compared with those receiving calcium carbonate (n = 92),
patients on maintenance hemodialysis receiving sevelamer (n = 91) showed a significantly smaller increase
in the coronary artery calcification score [12].
Despite this evidence, calcium carbonate remains the
first-line drug for hyperphosphatemia in hemodialysis
patients who continue to be at risk of increased coronary
artery calcification [8]. Moreover, arterial calcification is
reported to increase with the duration of hemodialysis
and the dose of calcium-based phosphate binders [13].
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Bixalomer is a calcium-free insoluble polymer for the treatment of hyperphosphatemia in patients on hemodialysis.
The non-inferiority of the phosphorus-lowering effect of bixalomer compared with sevelamer hydrochloride has been
confirmed. In a multi-center, open-label, randomized
non-inferiority study, the baseline-adjusted mean serum
phosphorus level at 12 weeks was 5.87 mg/dL in the bixalomer group and 5.55 mg/dL in the sevelamer group (difference of 0.31 mg/dL; 95% confidence interval [CI] − 0.13,
0.76). Unlike sevelamer, bixalomer does not affect the concentration of bicarbonate ions, which is an indicator of metabolic acidosis [14]. Another advantage of bixalomer is that it
lacks calcium, iron, and other metal ions and is less likely to
cause digestive disorders such as constipation [15].
Bixalomer is expected to provide benefits beyond the
treatment of hyperphosphatemia in a wide range of patients who are under maintenance hemodialysis because
it has been found to have a lipid-lowering effect [14, 16].
Although clinical experience with bixalomer in patients
on hemodialysis who present hyperphosphatemia has
suggested the usefulness of this drug [15, 17], it remains
to be determined if bixalomer is more effective than calcium carbonate in limiting the progression of vascular
calcification in these patients. The current study aimed
to compare the effect of bixalomer vs calcium carbonate
on coronary artery calcification in hemodialysis patients
with hyperphosphatemia.

Patients and methods
Trial design

This was a multi-center, open-label, randomized phase
IV trial in CKD patients who were undergoing blood
purification therapy. The study was conducted at 23 sites
across Japan, including the Department of Blood Purification, Kidney Center, Tokyo Women’s Medical University Hospital from April 2013 to March 2016 (patients
were registered by March 2015).
Participants

CKD patients aged ≥ 20 years receiving hyperphosphatemia
treatment with blood purification therapy for > 3 months
who provided written informed consent were recruited. Patients with serum phosphorus concentration > 8.0 mg/dL,
ileus, serious and chronic constipation or diarrhea, peptic
ulcer/history of abdominal surgery, hypothyroidism, advanced heart disease, (New York Heart Association class III
or higher), and impaired hepatic function were excluded
from the study. Patients who were hospitalized for treatment of cerebrovascular or heart disease in the previous
month, those who underwent thoracic surgery (including
stent therapy and implantation of a pacemaker), those with
liver function impairment or serious liver disease, those ineligible to undergo computed tomography (CT) scanning,
and pregnant and lactating women were also excluded.
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Interventions

Eligible patients were randomized (1:1) to receive bixalomer (Kiklin®, Astellas Pharma Inc., Tokyo, Japan) or calcium carbonate (Caltan-OD®, Mylan N.V., Pennsylvania,
USA) for a period of 12 months. After screening, there
was no washout period and the two groups were stratified by lanthanum carbonate usage (yes/no) and presence of coexistent diabetes (yes/no).
Bixalomer was administered at a dose of 1500 mg/day
(500 mg three times a day before meals) after discontinuing calcium carbonate and other medication for hyperphosphatemia. The maximum dose was 7500 mg/day,
adjusted depending on serum phosphorus levels to maintain a target level of 3.5–6.0 mg/dL following the Clinical
Practice Guidelines for Metabolism Disorder of Bone and
Mineral in Chronic Kidney Disease (Japanese Society for
Dialysis Therapy) [18]. Calcium carbonate was administered at a dose of 3000 mg/day (1000 mg three times a
day) after discontinuing hyperphosphatemia medications.
The dose was adjusted as needed to maintain a serum
phosphorus target level of 3.5–6.0 mg/dL and a serum calcium target level of 8.4–10.0 mg/dL [18]. For both groups,
lanthanum carbonate could be administered to adjust the
serum phosphorus level if it was > 6.0 mg/dL even at the
maximum dose of bixalomer (7500 mg/day) or calcium
carbonate (3000 mg/day). Lanthanum carbonate was administered at a starting dose of 750 mg/day, up to a maximum of 2250 mg/day according to the package insert
(http://database.japic.or.jp/pdf/newPINS/00056030.pdf).
If it proved difficult to maintain the serum phosphorus
concentration and the use of prohibited medications was
required after taking all the available actions above, the patient was withdrawn. The patient was also withdrawn if discontinuation of the randomized study drug and a switch to
other hyperphosphatemia medication were required.
Adjustment of serum calcium or serum intact PTH
levels followed the Clinical Practice Guidelines for Metabolism Disorder of Bone and Mineral in Chronic Kidney Disease (Japanese Society for Dialysis Therapy) [18].
The intact PTH target level was 60–240 pg/mL.
Calcium carbonate and other hyperphosphatemia
medication (lanthanum carbonate, sevelamer, or bixalomer) were discontinued before starting the trial.
The use of calcium carbonate and sevelamer for the
bixalomer group was prohibited, as was the use of
bixalomer and sevelamer in the calcium carbonate
group. The use of lanthanum carbonate was permitted, as described above when it was impossible to
maintain serum phosphorus levels within the target
range. The use of activated vitamin D was permitted
when the serum calcium level was low, with the dose
of vitamin D adjusted as necessary. The use of cinacalcet was permitted when the intact PTH level was
high, with the dose of cinacalcet adjusted as
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necessary. The concentration of calcium in the dialysis solution remained unchanged during the observation period.
Outcomes

The primary endpoint was the change in coronary artery
calcium (CAC) score from baseline to 12 months of
treatment measured by multi-slice CT scan (SIEMENS,
Berlin, Germany; GE, MA, USA; Toshiba Medical Systems Corp., Tochigi Prefecture, Japan). Patients were
simultaneously treated and observed for 12 months. Patients who did not complete the 12-month treatment/
observation period were considered as discontinued
from the study.
Secondary endpoints were changes in serum phosphorus and calcium levels during the study. Other secondary endpoints included changes in intact PTH, serum
fibroblast growth factor (FGF)-23, serum α-klotho, serum
pentosidine, high-sensitivity C-reactive protein (Hs-CRP),
low-density lipoprotein cholesterol (LDL-C), N-terminal
prohormone of brain natriuretic peptide (NT-proBNP),
and cardiovascular event-free survival rate. Adverse events
(AEs) were evaluated for safety.
To assess the primary endpoint (change in CAC score
from baseline to the last visit), CT assessments were
done at baseline, 6 months, and 12 months. Weighted
density scores were assigned to the highest attenuation
value multiplied by the area of the calcification speck.
The density factors were 130–199 Hounsefield units
(HU), 1; 200–299 HU, 2; 300–399 HU, 3; and ≥ 400 HU
4. All areas of calcification with a minimal density of 130
HU within the borders of the coronary arteries (main
trunk, left anterior descending artery, right coronary artery, and circumflex artery) were computed. Patients
with evaluable calcification in all four sites were included
in the analysis. At least three contiguous pixels with a
density of ≥ 130 HU were required for the confirmed
presence of a calcified plaque (an area equivalent to 1.03
mm2). Zio software (Ziosoft Inc., Tokyo, Japan) was used
to calculate the scores by counting the pixels in imaging
scans. The scores of all calcified specks were summed to
calculate the total CAC score [19]. Scans free of artifacts
were considered to be of acceptable quality. For
consistency of interpretation, a single investigator who
was unaware of the clinical status and treatment of the
patient reviewed the scans.
To evaluate secondary endpoints, blood samples were
analyzed at a central laboratory (FGF23, Hs-CRP, and
α-klotho were analyzed by SLR, Inc., Tokyo, and other
parameters were analyzed by each hospital’s standard laboratory company) using standardized assays. Serum
phosphorus, calcium, and albumin levels were measured
at baseline and every month; intact PTH levels were
measured at baseline and every 3 months; FGF23,
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α-klotho, pentosidine, and Hs-CRP levels were measured
at baseline and every 6 months; and all other laboratory
parameters, including NT-proBNP, were measured at
baseline and every 6 months.
Sample size

Based on previous studies [10, 12], a target sample size
was calculated using the data obtained by a two-group t
test with a two-sided alpha error rate of 5% and a common standard deviation of 20 mg2/dL2. We estimated
that 300 patients would provide 90% power of detecting
any possible significant difference.
Randomization and blinding

Randomization was done via a central registry using the
permuted-block method. Electronic data capture (EDC)
(CliSSS EDC Ver.1.0, Forte Research Systems) was used
for the computer-generated randomization schedule.
Only the investigator who assessed the CT scans for the
primary endpoint (change in CAC score) was blinded.
Statistical methods

Continuous variables are presented as mean ± standard deviation (SD) and frequency variables as the number of cases
and percentages. Comparisons between groups were conducted using the parametric method (i.e., unpaired t test) if a
normal distribution was confirmed. Changes from baseline
over time were compared using the paired t test if a normal
distribution was confirmed. Between-group comparisons in
frequency variables were performed using Fisher’s exact test
or the chi-square test. The Wilcoxon rank sum test for continuous variables was used if a normal distribution was not
confirmed. Measured values of discontinued and withdrawn
cases were included in the analysis up until discontinuation/
withdrawal if they had been collected after starting the trial.
Missing values were not imputed. All probability values were
two-tailed. P values < 0.05 were considered statistically significant. All analyses were conducted using SAS 9.3 (Cary,
NC, USA). Statistical analyses of the present study were performed by Meditrix Corporation, Tokyo, Japan.

Results
A total of 85 patients were randomized to the bixalomer (n = 44) and calcium carbonate (n = 41)
groups. One patient in each group discontinued from
the study before treatment. Thus, 83 (97.6%) patients
received treatment and were included in the efficacy
and safety analysis sets: 43 and 40 patients in the
bixalomer and calcium carbonate groups, respectively
(Fig. 1).
Patient characteristics

The mean age of patients was 66.0 and 66.1 years in the
bixalomer and calcium carbonate groups, respectively.

Page 4 of 11

Predominantly, male patients were enrolled in the two
groups—69.8% and 82.5%, respectively (Table 1).
Proportions of patients with diabetes were 37.2% and
32.5% in the bixalomer and calcium carbonate groups,
respectively. At baseline, 28 patients were receiving concomitant treatment with lanthanum carbonate (34.9% of
patients in the bixalomer group and 32.5% of patients in
the calcium carbonate group) (Table 1). Among 83 patients, 40 (48.2%) initiated or restarted lanthanum carbonate treatment during the study (48.8% [21/43] in the
bixalomer group and 47.5% [19/40] in the calcium carbonate group) (Table 2).
At baseline, the mean (± SD) CAC scores in the bixalomer and calcium carbonate groups were 947.2 ± 1013.5
vs 1210.1 ± 1962.8 (p = 0.451). In the two groups, the
values for serum phosphorus, calcium, and intact PTH
were 5.32 vs 5.32 mg/dL, 9.15 vs 9.05 mg/dL, and 173.0
vs 134.4 pg/mL, respectively.
In the bixalomer group, the last visit (end of treatment) occurred at 6 months in seven patients and at 12
months in 31 patients. In the calcium carbonate group,
the last visit occurred at 6 months in one patient and at
12 months in 34 patients.
Efficacy
CAC scores

At 6 months, the mean (± SD) CAC score was lower in
the bixalomer group vs the calcium carbonate group
(1052.4 ± 1091.1 vs 1367.6 ± 2131.5, respectively). Similarly, at 12 months, the mean (± SD) CAC score was
lower in the bixalomer group vs the calcium carbonate
group (987.3 ± 1042.9 vs 1528.0 ± 2313.1, respectively)
(Table 3). However, there was no significant difference
between the two treatment groups in the mean (± SD)
CAC scores at 6 months (− 315.2 [95% CI − 1096.3,
465.9; p = 0.424]) and 12 months (−540.7 [95%Cl
−1445.0, 363.6; p = 0.237]).
The mean (± SD) changes in the CAC scores from baseline to 6 months (125.4 ± 157.2 [p < 0.001] vs 81.3 ± 136.8
[p = 0.001], respectively) and to 12 months (268.6 ± 320.1
[p < 0.001] vs 126.7 ± 154.8 [p < 0.001]) were significantly
higher in the calcium carbonate group vs the bixalomer
group. However, a significant mean difference between
groups was only observed at 12 months of treatment
(− 141.9 [95% CI − 268.5, − 15.3; p = 0.029]) (Table 4).
Serum phosphorus, calcium, and intact PTH

Mean (± SD) serum phosphorus levels at 3, 6, and 12
months were 5.87 ± 1.15, 5.73 ± 1.29, and 5.65 ± 1.14 mg/
dL, respectively, in the bixalomer group, and 4.95 ± 1.33,
5.13 ± 1.06, and 4.93 ± 1.18 mg/dL in the calcium carbonate group. The difference between the two groups at
3, 6, and 12 months was 0.93 mg/dL (95% CI 0.36, 1.50
mg/dL; p = 0.002), 0.61 mg/dL (95% CI 0.06, 1.16 mg/dL;
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Fig. 1 Patient disposition. aThe number of patients who initiated or restarted lanthanum carbonate treatment was 21 in the bixalomer group and
19 in the calcium carbonate group. In the bixalomer group, the “Other” reason for discontinuation in one patient was that the patient felt nausea.
In the calcium carbonate group, the “Other” reason for discontinuation in one patient was that the patient was transferred for psychiatric reasons

p = 0.030), and 0.71 mg/dL (95% CI 0.14, 1.29 mg/dL; p
= 0.015), respectively (Table 5).
Table 5 shows the serum calcium levels in the two
groups at 3, 6, and 12 months. There were significant
differences between the two groups at 6 (p = 0.040) and
12 months (p = 0.004), but not at 3 months (p = 0.065).
There was no significant difference in intact PTH
levels between the two groups at baseline (p = 0.073).
However, there was increasing divergence between the
two groups at 3, 6, and 12 months, and a statistically significant difference in intact PTH levels between the
groups was reached at 12 months (192.2 ± 95.0 pg/mL in
the bixalomer group and 141.4 ± 91.4 pg/mL in the calcium carbonate group; p = 0.032) (Table 5).
Other parameters

There were no significant differences between the two
groups for other laboratory parameters assessed, including FGF23, α-klotho, pentosidine, Hs-CRP, LDL-C, and
NT-proBNP (Additional file 1).
We did not conduct any analysis of the cardiovascular
event-free survival rate because there was only one cardiovascular event in the bixalomer group. This patient
had a revascularization at 273 days of initiating bixalomer treatment.
Safety

Table 6 shows the AEs in the two groups. The most
common AEs were shunt stenosis in the bixalomer

group and shunt stenosis and common cold in the calcium carbonate group. There was no significant difference in the incidence of AEs between the two groups.
No serious AEs or deaths were reported in any group
during the study duration.

Discussion
This is the first study to compare the effect of bixalomer with that of calcium carbonate on coronary artery calcification in hemodialysis patients with
hyperphosphatemia. In this study, the target of 300
patients was not achieved, and only 85 patients were
randomized. The enrollment period of this study coincided with the enrollment period of other large
clinical trials of new CKD-MBD-related drugs; thus, it
was difficult to recruit patients for this study. However, the sample of 85 patients was adequate for statistical comparisons.
When compared with calcium-based binders,
calcium-free treatment options are preferred and are increasingly being evaluated for the treatment of hyperphosphatemia in patients on hemodialysis [20]. In the
current study, significant mean changes in the CAC
scores were reported with bixalomer at 12 months when
compared with calcium carbonate (126.7 ± 154.8 vs
268.6 ± 320.1; p = 0.029). Patients treated with bixalomer
also attained significant changes in serum calcium (p =
0.004), phosphorus (p = 0.015), and intact PTH levels (p
= 0.032) at 12 months.
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Table 1 Baseline characteristics of patients
Total, N = 83

Bixalomer, n = 43

Calcium carbonate, n = 40

Concomitant treatment with lanthanum carbonate

28 (33.7)

15 (34.9)

13 (32.5)

Male sex

63 (75.9)

30 (69.8)

33 (82.5)

Age (years), mean ± SD

66.0 ± 9.8

66.0 ± 9.6

66.1 ± 10.1

Height (cm), mean ± SD

160.9 ± 7.1

159.9 ± 7.1

162.0 ± 7.2

Weight (kg), mean ± SD

57.3 ± 9.6

56.1 ± 9.1

58.5 ± 10.0

Diabetic nephropathy

28 (33.7)

15 (34.9)

13 (32.5)

Chronic glomerulonephritis

16 (19.3)

8 (18.6)

8 (20.0)

Underlying disease

Nephrosclerosis

17 (20.5)

11 (25.6)

6 (15.0)

Cystic kidney

4 (4.8)

0 (0.0)

4 (10.0)

Chronic pyelonephritis

2 (2.4)

2 (4.7)

0 (0.0)

Other

16 (19.3)

7 (16.3)

9 (22.5)

<1

8 (9.8)

3 (7.0)

5 (12.8)

≥ 1, < 5

29 (35.4)

13 (30.2)

16 (41.0)

≥ 5, < 10

21 (25.6)

14 (32.6)

7 (17.9)a

≥ 10, < 15

14 (17.1)

9 (20.9)

5 (12.8)

≥ 15

10 (12.2)

4 (9.3)

6 (15.4)

Hemodialysis

69 (83.1)

35 (81.4)

34 (85.0)

Hemodiafiltration

14 (16.9)

8 (18.6)

6 (15.0)

2.5

4 (4.8)

2 (4.7)

2 (5.0)

2.75

11 (13.3)

4 (9.3)

7 (17.5)

3.0

68 (81.9)

37 (86.0)

31 (77.5)

Other

0 (0.0)

0 (0.0)

0 (0.0)

History of dialysis (years)

Method of dialysis

Dialysate calcium concentration (mEq/L)

Complication

81 (97.6)

42 (97.7)

39 (97.5)

High blood pressure

65 (78.3)

36 (83.7)

29 (72.5)

Diabetes

29 (34.9)

16 (37.2)

13 (32.5)

Anemia in CKDb

57 (68.7)

32 (74.4)

25 (62.5)

Secondary hyperparathyroidism

33 (39.8)

16 (37.2)

17 (42.5)

Constipation

30 (36.1)

19 (44.2)

11 (27.5)

Itchy skin

15 (18.1)

8 (18.6)

7 (17.5)

Other

51 (61.4)

28 (65.1)

23 (57.5)

Combination drug

73 (88.0)

39 (90.7)

34 (85.0)

Antihypertensive

65 (78.3)

38 (88.4)

27 (67.5)

Drug for osteoporosis

33 (39.8)

20 (46.5)

13 (32.5)

Drug for dyslipidemia

21 (25.3)

11 (25.6)

10 (25.0)

80 (96.4)

41 (95.3)

39 (97.5)

c

No combination therapy

Data are presented as n (%) unless otherwise stated
a
The number of patients specifically for dialysis history in the calcium group was 39 rather than 40, as there was one patient with missing data
b
Anemia in CKD is defined as hemoglobin level < 11.0 g/dL or erythropoietin use in patients with CKD
c
Patients not receiving any therapy other than that for hemodialysis or hemodiafiltration
Abbreviations: CKD chronic kidney disease, SD standard deviation
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Table 2 Concomitant treatment with lanthanum carbonate during the study
Use of lanthanum carbonate at baseline Use of lanthanum carbonate during the study Total, N = 83 Bixalomer, n = 43 Calcium carbonate, n = 40
Yes, N = 28

No, N = 55

No or lacking data, n (%)

8 (28.6)

6 (40.0)

2 (15.4)

Yes, n (%)

20 (71.4)

9 (60.0)

11 (84.6)

Mean ± SD

1023 ± 647

1153 ± 796

917 ± 511

Median

750

750

750

Minimum/maximum

350/2250

429/2250

350/1875

No or lacking data, n (%)

35 (63.6)

16 (57.1)

19 (70.4)

Yes, n (%)

20 (36.4)

12 (42.9)

8 (29.6)

Mean ± SD

864 ± 522

831 ± 637

914 ± 311

Median

750

750

781

Minimum/maximum

250/2250

250/2250

500/1375

Abbreviation: SD standard deviation

Similar findings have been reported in other trials
evaluating calcium-free options in hemodialysis patients [10, 21]. Sevelamer, a non-absorbed,
non-calcium-containing polymer has been compared
with calcium-based binders in a randomized trial
[10] and was shown to be less likely to cause hypercalcemia (16% vs 5% with sevelamer, p = 0.04) and
low levels of intact PTH (57% vs 30%, p = 0.001) in
hemodialysis patients (n = 200). Progressive coronary
and aortic calcification was reported in patients receiving calcium-based binders. There was a significant increase in the median absolute calcium score
in the coronary arteries and aortas of patients who
received calcium-based binders but not in those
treated with sevelamer (coronary arteries 36.6 vs 0,
p = 0.03; aorta 75.1 vs 0, p = 0.01, respectively) [10].
The use of calcium-containing phosphate binders
causes more rapid progression of coronary

calcification in patients who are new to dialysis. In a
randomized trial, 129 new dialysis patients received
calcium-containing phosphate binders or sevelamer
hydrochloride and were followed up with CT assessments at 6, 12, and 18 months. When compared with
those receiving sevelamer hydrochloride, patients
treated with calcium-containing phosphate binders
showed more rapid and more severe increases in
CAC scores both at 12 (p = 0.056) and 18 months (p
= 0.01) [11]. These results were comparable to findings in the current study. The higher level of calcification observed with calcium carbonate in the
present study may be attributed to the higher level
of corrected Ca value in the calcium carbonate
group compared with that in the bixalomer group.
A strength of this study is the inclusion of patients
who have been on long-term dialysis, i.e., ≥ 15 years.
Available studies comparing calcium-based binders

Table 3 CAC scores at baseline, 6 months, and 12 months (during the 12-month observation period)
CAC scores

Baseline

6 months

Bixalomer, N

41

38

31

947.2 ± 1013.5

1052.4 ± 1091.1

987.3 ± 1042.9

Mean ± SD
95% CI

627.3, 1267.1

693.8, 1411.1

604.8, 1369.9

Median

493.55

642.41

583.82

Minimum/maximum

0/3484.5

0/3541.2

0/3830.9

39

35

34

Calcium carbonate, N
Mean ± SD

1210.1 ± 1962.8

1367.6 ± 2131.5

1528.0 ± 2313.1

95% CI

573.8, 1846.4

635.5, 2099.8

720.9, 2335.1

Median

693.75

819.9

957.31

Minimum/maximum

0/11727.9

0/12179.3

0/13070.1

− 262.9

− 315.2

− 540.7

− 953.3, 427.5

− 1096.3, 465.9

− 1445.0, 363.6

0.451

0.424

0.237

Difference between groups
95% CI
P value

a

Comparisons between groups were conducted using the t test
Abbreviations: CAC coronary artery calcium, CI confidence interval, N number of patients, SD standard deviation
a

12 months
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Table 4 Changes in CAC score from baseline to 6 and 12 months (primary endpoint)
Change in CAC scores at 6 months
Bixalomer, N

P value

38

Change in CAC scores at 12 months

Mean ± SD

81.3 ± 136.8

95% CI

36.3, 126.3

69.9, 183.5

Median

49.53

113.53

Minimum/maximum

− 144.39/592.2

− 92.79/653.2

35

34

Calcium carbonate, N

0.001

125.4 ± 157.2

95% CI

71.4, 179.4

157.0, 380.3

Median

59.62

176.92

Minimum/maximum

− 62.69/621.7

− 24.69/1342.2

− 44.1

− 141.9

− 112.8, 24.5

− 268.5, − 15.3

0.204

0.029

95% CI
P value

a

< 0.001

126.7 ± 154.8

Mean ± SD

Difference between groups

P value

31

268.6 ± 320.1

< 0.001

< 0.001

Changes from baseline over time were compared between groups using the paired t test
Abbreviations: CAC coronary artery calcium, CI confidence interval, N number of patients, SD standard deviation

a

and calcium-free polymers have usually been conducted in patients on dialysis for 2–3 years or those
new (within 120 days) to dialysis [10, 11]. Further, patients enrolled in the current study were older (mean
age, 66 years) than those in previous studies (mean
age, 50–60 years) comparing calcium-based and
calcium-free treatment options [10, 11]. Another
strength of this study was that it was conducted in
usual patient settings and provides real-life experience
of bixalomer in hemodialysis patients.
The safety of bixalomer was comparable to that of calcium carbonate. The most common AEs were shunt
stenosis in the bixalomer group and both shunt stenosis
and common cold in the calcium carbonate group.
When compared with sevelamer, bixalomer has better
tolerability [14, 15].
Bixalomer attenuates the risk of progressive coronary
artery calcification in patients undergoing hemodialysis.
Additionally, these data suggest that introduction of bixalomer therapy may be beneficial in end-stage renal disease irrespective of the duration of hemodialysis before
initiation of therapy.

Limitations

This study is the first report to show lower calcification
action with bixalomer compared with calcium carbonate.
However, there are some limitations.
The CAC score has been used for risk stratification and treatment monitoring in patients undergoing hemodialysis [10, 11]. Although it is not clear
whether CAC scores are indicative of atherosclerosis
or elastocalcinosis, they are widely used because of
their non-invasiveness and repeatability [22].

Age, C-reactive protein, and pulse wave velocity
have previously been reported as factors associated
with coronary artery calcification in end-stage renal
disease [23], but the current study did not evaluate
the contributors to coronary artery calcification. We
considered the reduction of calcium and intact PTH
concentrations; however, phosphorus, calcium, and
intact PTH concentrations were towards the higher
limits. These parameters can potentially promote
heterotopic calcification in the bixalomer group, so
it is difficult to determine whether these factors contributed to CAC progression in the calcium carbonate group.
The 1-year follow-up of patients in the current
study yielded adequate comparisons for bixalomer
and calcium carbonate. However, studies evaluating
the effects of bixalomer over extended periods should
be conducted to assess the long-term effect on CAC
scores. Previous studies evaluating CAC scores in
hemodialysis patients have followed-up patients with
annual assessments for ≥ 2 years [21].
No significant changes in laboratory parameters such
as FGF23, α-klotho, pentosidine, Hs-CRP, LDL-C, and
NT-proBNP were found in the current study due to the
small number of patients. Future studies should include
these assessments for evaluating bixalomer in patients
with hemodialysis.
The mechanism of attenuation of the progression of
coronary and aortic calcification of bixalomer is poorly
understood. Like sevelamer, bixalomer can be assumed to
lower the oral calcium load. However, other possible
mechanisms such as reduction of hypercalcemia, change
of PTH control, or improvement in hyperlipidemia should
be further evaluated.

Akiba et al. Renal Replacement Therapy

(2019) 5:9

Page 9 of 11

Table 5 Phosphate, calcium, and intact PTH levels throughout the study period
Baseline

3 months

6 months

12 months

43

38

38

31

Phosphate, mg/dL
Bixalomer, N
Mean ± SD

5.32 ± 1.23

5.87 ± 1.15

5.73 ± 1.29

5.65 ± 1.14

95% CI

4.94, 5.70

5.50, 6.25

5.31, 6.16

5.23, 6.06

Median

5.3

5.8

5.8

5.7

Minimum/maximum

2.8/8.0

3.7/8.7

2.5/8.9

3.7/8.3

40

38

36

35

5.32 ± 1.10

4.95 ± 1.33

5.13 ± 1.06

4.93 ± 1.18

Calcium carbonate, N
Mean ± SD
95% CI

4.96, 5.67

4.51, 5.39

4.77, 5.48

4.53, 5.34

Median

5.2

5.1

5.1

5.0

Minimum/maximum

3.3/7.8

2.1/8.1

2.4/7.2

2.8/7.6

0.01

0.93

0.61

0.71

95% CI

− 0.51, 0.52

0.36, 1.50

0.06, 1.16

0.14, 1.29

P valuea

0.982

0.002

0.030

0.015

43

38

38

31

Difference between groups, Mean

Calcium, mg/dL
Bixalomer, N
Mean ± SD

9.15 ± 0.70

8.89 ± 0.49

8.91 ± 0.62

8.85 ± 0.56

95% CI

8.94, 9.37

8.73, 9.05

8.70, 9.11

8.64, 9.05

Median

9.1

9.0

8.9

8.9

Minimum/maximum

8.3/11.8

7.8/10.1

7.5/10.1

7.6/9.7

40

38

36

35

9.05 ± 0.75

9.16 ± 0.72

9.23 ± 0.72

9.33 ± 0.75

Calcium carbonate, N
Mean ± SD
95% CI

8.81, 9.28

8.92, 9.39

8.99, 9.48

9.07, 9.59

Median

9.0

9.1

9.1

9.4

Minimum/maximum

7.0/11.2

7.8/10.9

8.0/11.5

7.9/10.6

0.11

− 0.26

− 0.33

− 0.49

95% CI

− 0.21, 0.42

− 0.54, 0.02

− 0.64, − 0.02

− 0.82, − 0.16

P valuea

0.505

0.065

0.040

0.004

40

35

36

31

Difference between groups, Mean

Intact PTH, pg/mL
Bixalomer, N
Mean ± SD

173.0 ± 102.6

200.1 ± 98.2

208.4 ± 96.7

192.2 ± 95.0

95% CI

140.2, 205.9

166.4, 233.8

175.7, 241.2

157.4, 227.1

149

208

184.5

180

Minimum/maximum

Median

11/395

7/423

47/382

9/393

Calcium carbonate, N

38

35

32

34

134.4 ± 83.7

120.9 ± 84.9

163.1 ± 107.8

141.4 ± 91.4

Mean ± SD
95% CI

106.9, 161.9

91.7, 150.0

124.2, 201.9

109.4, 173.3

Median

127.5

121

158

125.5

Minimum/maximum

5/376

2/311

8/460

9/358

38.6

79.2

45.4

50.9

95% CI

− 3.7, 81.0

35.5, 123.0

− 4.1, 94.9

4.7, 97.1

P valuea

0.073

0.001

0.072

0.032

Difference between groups, Mean

Comparisons between groups were conducted using t test
Abbreviations: CI confidence interval, N number of patients, PTH parathyroid hormone, SD standard deviation
a

Akiba et al. Renal Replacement Therapy

(2019) 5:9

Page 10 of 11

Table 6 Adverse events for which more than two events were reported
Bixalomer, N = 43

Calcium carbonate, N = 40

P valuea

Shunt stenosis

7 events/5 patients

10 events/4 patients

1.0000

Common cold

–

7 events/6 patients

0.0102

Pyrexia

2 events/1 patient

–

1.0000

Constipation

2 events/2 patients

–

0.4946

Cystitis

–

2 events/1 patient

0.4819

a

Fisher’s exact test

Conclusions
When compared with calcium carbonate, bixalomer
reduced the progression of CAC in patients undergoing hemodialysis. This is due to the decreased oral
calcium load with bixalomer. Further investigations
in well-designed trials can help to determine whether
bixalomer is associated with a decreased risk of cardiovascular death in hemodialysis patients.
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