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Abstract
Background Coronary artery calcification (CAC) is predictive of cardiovascular events. We assessed whether a non-calcium-
based phosphate binder, lanthanum carbonate (LC), could delay CAC progression compared with a calcium-based phosphate 
binder, calcium carbonate (CC), in hemodialysis patients.
Methods This was a subsidiary of the LANDMARK study, which is a multicenter, open-label, randomized control study 
comparing LC and CC for cardiovascular events among Japanese hemodialysis patients with hyperphosphatemia who were 
at risk of vascular calcification. Participants were randomly assigned (1:1) to receive LC or CC. The changes in the total 
Agatston score of CAC 2 years from baseline were the primary outcome. Secondary outcomes included the changes in the 
total Agatston score at 1 year from baseline and the changes in serum phosphate, corrected calcium, and intact parathyroid 
hormone concentrations.
Results Of 239 patients, 123 comprised the full analysis set. The median daily drug dose (mg) was 750 [interquartile range 
(IQR), 750‒1500] in the LC group and 3000 (IQR, 3000‒3000) in the CC group; it remained constant throughout the study 
period. There was no significant difference in the change in total Agatston score from baseline to 2 years between the LC 
and CC groups [368 (95% confidence interval, 57–680) in the LC group vs. 611 (105–1118) in the CC group; difference, 
243 (− 352–838)].
Conclusions LC-based treatment for hyperphosphatemia did not delay CAC for 2 years compared with CC-based treatment 
in hemodialysis patients with at least one risk factor for vascular calcification.
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Introduction

Vascular calcification is significantly associated with 
increased cardiovascular events among patients with or 
without chronic kidney disease (CKD) and is caused by 
various factors [1–7]. In patients with CKD, both hyper-
phosphatemia and calcium burden play a critical role in the 
pathogenesis of vascular calcification, in addition to diabe-
tes, aging, hyperlipidemia, inflammation, and uremic toxins 
[8, 9]. Although phosphate binders are essential for manag-
ing hyperphosphatemia among dialysis patients, calcium-
based phosphate binders accelerate vascular calcification 
by increasing the calcium burden, as compared with non-
calcium-based phosphate binders. Consequently, the use of 
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calcium-based phosphate binders might increase the risk for 
cardiovascular events.

The updated Kidney Disease: Improving Global Out-
comes (KDIGO) 2017 Clinical Practice Guideline for CKD-
mineral and bone disorder (MBD) recommends restricting 
the dose of calcium-based phosphate binders in adults with 
CKD G3a-G5D [10]. However, there is insufficient evidence 
to conclusively demonstrate that non-calcium-based phos-
phate binders improve vascular calcification progression and 
cardiovascular risk compared with calcium-based phosphate 
binders [11]. A recent randomized control trial did not show 
the superiority of lanthanum carbonate (LC) over calcium 
carbonate (CC) in reducing cardiovascular events among 
hemodialysis patients with vascular risk [12].

We conducted a randomized controlled trial compar-
ing the progression of coronary artery calcification (CAC), 
which is the most reliable index of vascular calcification 
[13, 14], between LC and CC in hemodialysis patients with 
hyperphosphatemia, with at least one risk factor for vascular 
calcification.

Patients and methods

Study design and patients

The LANDMARK-SS is a subsidiary study of the LAND-
MARK study [12], which is an academic investigator-led, 
prospective, randomized, open-label, endpoint-blinded, 
controlled trial comparing composite cardiovascular events 
between LC and CC groups among dialysis patients with 
vascular calcification risk (UMIN000006816). The trial pro-
tocol of the LANDMARK study was previously published 
[15] and was approved by the institutional review board.

A total of 2,309 patients were enrolled in the LAND-
MARK study, and patients who provided written informed 
consent for measuring CAC were included in the LAND-
MARK-SS study at 23 sites across Japan. This study aimed 
to assess the difference in the progression of CAC between 
LC-based and CC-based treatment for hyperphosphatemia 
in hemodialysis patients with at least one risk factor for vas-
cular calcification.

Enrolled patients were randomly assigned (1:1) to the LC 
or CC groups using a web-based randomizer provided by 
the trial data center. Randomization was performed using 
the minimization method with age (≤ 65 vs. > 65 years), 
sex, diabetes (absence vs. presence), and study site. Dur-
ing the study, patients were managed based on the Clinical 
Practice Guideline for the Management of CKD-MBD pub-
lished by the Japanese Society for Dialysis Therapy (JSDT) 
[16]. The treatment regimen is shown in Fig. 1. Changes in 
the daily dosages of LC and CC, concomitant treatment for 
CKD-MBD, serum levels of phosphate, corrected calcium, 

calcium × phosphate product, intact parathyroid hormone 
(iPTH), and alkaline phosphatase (ALP) during the study 
period were recorded.

Eligible patients were included in the study protocol 
(Online Resource 1). In brief, patients undergoing mainte-
nance hemodialysis (duration ≥ 3 months), with at least one 
vascular calcification risk (age ≥ 65 years, menopause, or 
type II diabetes mellitus), serum iPTH levels ≤ 240 pg/mL, 
and life expectancies ≥ 1 year were enrolled in the LAND-
MARK study. The exclusion criteria are shown in Table S1 
(Online Resource 2).

The primary outcome was defined as the change in the 
total Agatston score of CAC [17] 2 years after baseline. The 
secondary outcomes were the changes in the total Agatston 
score at 1 year from baseline and those in log-transformed 
total Agatston scores at 1 and 2 years from baseline. We also 
assessed the changes in serum phosphate, corrected calcium, 
and iPTH concentrations during the study period. The safety 
evaluation was not performed in this study because it was 
comprehensively assessed in the main study [12, 15].

In this subsidiary study, as well as in the LANDMARK 
study, regular safety surveillance was performed by an 
independent data and safety monitoring committee. Data 
were collected using electronic case report forms provided 
by the investigators, and an independent trial data center, 
the Translational Research Center for Medical Innovation 
(Kobe, Japan), provided data management and statistical 
analysis services.

Coronary artery calcification score measurement

The CAC score was measured at study entry, and thereafter 
at 12 and 24 months, at each site, using multi-detector row 
computed tomography (MDCT). Quantitative CAC scoring 
was calculated according to a previously published method 
[17]. The Agatston score was used to aggregate all calcifica-
tion scores within the area of interest. We assessed changes 
in the Agatston score from baseline among all patients, as 
well as those with a total Agatston score of ≥ 30, because 
a previous study suggested that patients with absent or low 
CAC scores were unlikely to have progressive CAC over the 
next few years [18].

Sample size

As no prior data directly compared changes in CAC 
(Agatston) score 2 years after registration of the LC and CC 
groups, we assumed a sample size based on results from 
past randomized controlled trials comparing the progres-
sion of Agatston scores between a non-calcium-based phos-
phate binder, sevelamer hydrochloride, and calcium-based 
phosphate binders among patients receiving hemodialysis 
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[19, 20]. Details are provided in the study protocol (Online 
Resource 1).

Statistical analyses

The full analysis set (FAS) included the patients enrolled in 
this study, excluding patients who were not treated with the 
study drug, did not undergo MDCT, and had no measure-
ment results for the CAC score. The per-protocol set (PPS) 
was based on the FAS, excluding patients who received CC 
combination therapy in the LC allocation group or LC com-
bination therapy in the CC allocation group, had missing 
CAC score measurements in some points, or did not com-
plete the 2-year observation. Changes in the total Agatston 
score from baseline were analyzed using a mixed-effects 
model with repeated measures (MMRM), with time points 
of 1 and 2 years as factors, the baseline value as a covari-
ate, and patients as a random effect. Imputation of missing 
values was not performed in the MMRM analysis.

As a sensitivity analysis, an analysis of covariance was 
performed using the values at the time of the final measure-
ment at 1 and 2 years as the last observation carried forward 
(LOCF) analysis, with the amount of change as the objective 
variable and the baseline value as the covariate. For loga-
rithmic conversion of the total Agatston score, we used the 
natural logarithm. Analysis of the secondary endpoints was 
similar to that of the primary endpoints. Data are expressed 

as means (standard deviations) or medians (interquartile 
ranges) for continuous variables and as frequencies and per-
centages for discrete variables. The significance level was 
set at P < 0.05 (two-tailed). All analyses were predefined in 
the statistical analysis plan (Online Resource 1) before the 
database was locked and were conducted using SAS version 
9.3 (SAS Institute Inc, Cary, NC, USA.).

Results

Patients

The study was conducted between November 2011 and 
July 2016. A total of 239 patients (121 and 118 in the LC 
and CC groups, respectively) enrolled in the LANDMARK 
study were registered in the present trial (Fig. S1, in Online 
Resource 2). The numbers of eligible patients for the FAS 
were 61 and 62 in the two groups, respectively. We analyzed 
123 patients as the FAS, and 87 consecutive patients were 
included in the PPS. Unfortunately, the study was unable to 
recruit the prespecified target number of patients because the 
main LANDMARK study limited the study period as speci-
fied in the study protocol. This prevented us from extending 
the deadline and increasing the number of patients to be 
included in the current study.

Fig. 1  Treatment regimens. In the LC group, patients were initially 
administered a dose of 750 mg/day (3 times immediately after meals) 
or the previously used dose. To achieve a target serum phosphate con-
centration of 3.5‒6.0  mg/dL (JSDT guidelines [14]), patients were 
titrated with up to a maximum of 2250 mg/day. If the phosphate con-
centration was not achieved at 2250  mg/day or the maximum toler-
ated dose, other non-Ca-based phosphate binders were added. CC 
use was not prohibited in the LC group. In the CC group, patients 

were administered a dose of 3000 mg/day (3 times immediately after 
meals) or the previously used dose. To achieve the desired phosphate 
concentration, patients were titrated, and if the phosphate concentra-
tion was not achieved with the maximum tolerated dose, non-cal-
cium-based phosphate binders were added. LC use was not prohib-
ited in the CC group. JSDT Japanese Society for Dialysis Therapy, Ca 
calcium, LC lanthanum carbonate, CC calcium carbonate, P serum 
phosphate
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The average age and dialysis vintage were 67.7 and 
6.9 years, respectively; of all patients, 43.9% were female, 
and 55.2% were diabetic. The baseline demographic and 
medical characteristics of patients were well-balanced 
between the two groups (Table 1) and did not differ from 
those of patients enrolled in the LANDMARK study 
(n = 2135). The prevalence rates of diabetes, hypertension, 
and hyperlipidemia were similar between the two groups, 
and the use of concomitant drugs, including vitamin D 
receptor activators (VDRAs), cinacalcet, renin-angioten-
sin system inhibitors, aspirin, and statin, was comparable 
(Table 1).

The daily doses of LC and CC over time are presented 
in Table S2 (Online Resource 2). The daily doses of LC 
and CC were 750 and 3000 mg, respectively, during the 
study period. Concomitant treatments, including other non-
calcium-based phosphate binders, VDRAs, and cinacalcet, 
are described in Table S3 (Online Resource 2). The num-
ber of sevelamer users in both groups was comparable dur-
ing the study period. The number of VDRA users gradu-
ally increased in the LC group and that of cinacalcet users 
increased in the CC group.

Coronary artery calcification

The distribution of the total Agatston score of CAC at 
baseline was similar between the LC and CC groups 
(P = 0.8) (Fig. S2, in Online Resource 2). There was no 
significant difference in the Agatston score of the calcifi-
cation of the total coronary artery or each branch at base-
line (Table S4, in Online Resource 2). Figure 2 shows the 
changes in the total Agatston score over time. Changes 
in the least square mean of the total CAC score from 
baseline in both groups are illustrated in Fig. 3a–d. In the 
FAS model, the scores at 12 or 24 months significantly 
increased from baseline in both groups {LC group, month 
12: + 360 [95% confidence interval (CI, 180–541], month 
24: + 368 [57–680]; CC group, month 12: + 221 [77–366], 
month 24: + 611 [105–1118]} (Fig. 3a). In the PPS model, 
although the score at 24 months increased significantly 
from baseline in the CC group [591 (7–1175), P = 0.05], 
it did not increase in the LC group [+ 230 (− 141–600), 
P = 0.2] (Fig.  3b). The between-group differences in 
scores at 12 and 24 months were not significant (P = 0.2 
and P = 0.4, respectively; Table 2). This result was con-
sistent with those of other models. In addition, the total 
Agatston score at the LOCF was similar between the 2 
groups (P = 0.5; Table 2). In other models, there was no 
significant difference in the total Agatston score of CAC 
from baseline between the LC and CC groups. There 
were no significant differences in the change in Agatston 
score of each branch from baseline at 12 and 24 months 
and LOCF between the two treatment arms (Table S5, in 

Table 1  Baseline characteristics of patients in both groups

Lanthanum 
carbonate 
n = 61

Calcium 
carbonate 
n = 62

P value

Female 25 (41.0) 29 (49.8) 0.587
Age, year 67.0 ± 9.4 68.4 ± 8.4 0.403
Dialysis vintage, year 7.9 ± 7.5 6.0 ± 5.1 0.104
Body height, cm 159.9 ± 7.6 160.3 ± 8.4 0.755
Dry weight, kg 57.7 ± 10.0 56.5 ± 11.7 0.543
BMI, kg/m2 22.6 ± 3.5 21.9 ± 4.1 0.366
Primary cause of CKD 0.904
 Diabetic nephropathy 26 (42.6) 29 (46.8)
 Chronic glomerulone-

phritis
14 (23.0) 16 (25.8)

 Nephrosclerosis 10 (16.4) 8 (12.9)
 Polycystic kidney disease 2 (3.3) 2 (3.2)
 Chronic pyelonephritis 1 (1.6) 0 (0.0)
 Others 8 (13.1) 7 (11.3)

Comorbidity 0.496
 Hypertension 47 (77.0) 54 (87.1)
 Diabetes 33 (54.1) 35 (56.5)
 Dyslipidemia 15 (24.6) 20 (32.3)
 Peripheral artery disease 8 (13.1) 9 (14.5)
 Anemia 55 (90.2) 57 (91.9)

Medical history 1.000
 Ischemic heart disease 10 (16.4) 8 (12.9)
  Myocardial infarction 2 (3.3) 2 (3.2)
  Unstable angina 1 (1.6) 2 (3.2)
  Coronary intervention 6 (9.8) 3 (4.8)

 Cerebrovascular disease 5 (8.2) 9 (14.5)
  Ischemic stroke 2 (3.3) 5 (8.1)
  Hemorrhagic stroke 3 (4.9) 4 (6.5)
  Transient ischemic attack 0 (0.0) 1 (1.6)

 Heart failure 9 (14.8) 9 (14.5)
 Ventricular arrhythmia 0 (0.0) 2 (3.2)
 Secondary hyperparathy-

roidism
31 (50.8) 34 (54.8)

Smoker 8 (13.1) 10 (16.1) 0.800
Alcohol drinker 15 (24.6) 16 (25.8) 1.000
Hemodialysis
 Frequency (thrice/week) 60 (98.4) 60 (96.8) 0.578
 Dialysis time (hour/ses-

sion)
3.93 ± 0.36 3.92 ± 0.30 0.909

 Dialysate calcium (mEq/L) 2.68 ± 0.21 2.68 ± 0.20 0.974
 Hemodiafiltration 2 (3.3) 4 (6.5) 0.159
 Kt/V 1.51 ± 0.33 1.55 ± 0.30 0.520

Laboratory data
 Serum albumin, g/dL 3.7 ± 0.3 3.7 ± 0.4 0.859
 Serum urea nitrogen, mg/

dL
64.2 ± 14.2 62.9 ± 14.3 0.610

 Serum creatinine, mg/dL 10.8 ± 2.3 10.4 ± 2.2 0.333
 Serum calcium, mg/dL 8.8 ± 0.6 8.7 ± 0.7 0.325
 Corrected calcium, mg/dL 9.1 ± 0.7 9.0 ± 0.7 0.359
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Online Resource 2). The results were consistent with those 
from the prespecified analysis stratified by various factors 
at baseline (Table S6, in Online Resource 2).

CKD‑MBD markers

Changes in the serum concentrations of phosphate, cor-
rected calcium, calcium × phosphate products, and iPTH 
are illustrated in Fig. 4. Differences in serum phosphate 
concentrations at 6 months and serum corrected calcium 
concentrations at 3 and 6 months between the two treat-
ments were significant [phosphate: − 0.49 mg/dL (95% CI 
− 0.93 to − 0.04 mg/dL) at 6 months, P = 0.03; corrected 
calcium: 0.21 (0.03–0.39) at 3 months, P = 0.02 and 0.29 
(0.08–0.49) at 6 months, P = 0.01] (Fig. 4a-2, b-2). There 
were no significant differences in the calcium × phosphate 
products at any measurement between the two groups 
(Fig. 4c-2). Although there was a significant difference 
in serum iPTH concentrations at 3, 6, and 12 months 
between the LC and CC groups, no significant difference 
was observed at 24 months [− 23.5 (− 66.9–19.9), P = 0.3] 
(Fig. 4d-2).

Discussion

We assessed whether a non-calcium-based phosphate binder, 
LC, delayed CAC progression compared with a calcium-
based phosphate binder, CC, in hemodialysis patients. We 
found that LC-based treatment for hyperphosphatemia did 
not delay CAC for 2 years, as compared with CC-based 
treatment, in hemodialysis patients with at least one risk 
factor for vascular calcification.

The recently updated KDIGO guidelines for CKD-MBD 
suggest restricting the dose of calcium-based phosphate 
binders among adult patients with CKD because their use 
is likely to accelerate vascular calcification, which is a pre-
dictive factor for cardiovascular disease [10]. Previous ran-
domized controlled trials reported that sevelamer delayed 
the progression of aortic calcification or CAC more than 
calcium-based phosphate binders did in hemodialysis 

Data are presented as n (%) or means ± standard deviations
BMI body mass index, CKD chronic kidney disease, PTH parathyroid 
hormone, nPCR, normalized protein catabolic rate, RAS renin-angio-
tensin system

Table 1  (continued)

Lanthanum 
carbonate 
n = 61

Calcium 
carbonate 
n = 62

P value

 Serum phosphate, mg/dL 5.5 ± 1.3 5.6 ± 1.4 0.487
 intact PTH, pg/mL 124.4 ± 67.2 131.7 ± 86.4 0.606

nPCR, g/kg/day 0.95 ± 0.18 0.95 ± 0.19 0.922
Phosphate binders
 Lanthanum carbonate 25 (41.0) 28 (45.2) 0.717
 Calcium carbonate 38 (62.3) 38 (61.3) 1.000
 Sevelamer 14 (23.0) 12 (19.4) 0.664

Concomitant treatment
 Vitamin D receptor activa-

tor
41 (67.2) 44 (71.0) 0.699

 Cinacalcet 9 (14.8) 16 (25.8) 0.179
 RAS inhibitor 21 (34.4) 32 (51.6) 0.157
 Statin 9 (14.8) 10 (16.1) 1.000
 Aspirin 22 (36.1) 18 (29.0) 0.410

Agatston score 0.727
 ≤ 10 4 (6.6) 3 (4.8)
 11‒99 9 (14.8) 10 (16.1)
 100‒399 13 (21.3) 10 (16.1)
 400‒999 15 (24.6) 13 (21.0)
 ≥ 1000 20 (32.8) 26 (41.9)

Fig. 2  Total Agatston score of coronary artery calcification over time 
shown as median ± IQR in the FAS (a) and PPS (b) models. LC lan-
thanum carbonate, CC calcium carbonate, IQR interquartile range, 
FAS full set analysis, PPS per-protocol set
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patients [19, 21, 22]. Because sevelamer is the most widely 
used non-calcium-based phosphate binder in clinical prac-
tice and has low-density-lipoprotein cholesterol-lowering 
and anti-inflammatory actions, which other classes of 
non-calcium-based phosphate binders do not have [23], 
the effect of sevelamer on vascular calcification might not 
always be attributable to its less calcemic property. LC 

is unlikely to inhibit vascular calcification by any other 
means than by its phosphate-lowering action.

Several randomized controlled trials have shown that LC 
delays the progression of the total CAC score in hemodi-
alysis patients, as compared with CC [24–26]. In contrast, 
LC does not suppress calcification of the superficial femoral 
artery compared with calcium-based phosphate binders, as 

Fig. 3  Changes in total Agatston 
score from baseline during the 
study period are shown as least 
square means ± 95% confidence 
intervals (a–d). In various 
models, the differences between 
both groups at 12 or 24 months 
were compared by a mixed-
effects model repeated measure 
with time point, treatment, and 
interaction as fixed effects, 
previous values as a covariate, 
and patients as a mixed-effect. 
Differences between the LC 
and CC groups at LOCF were 
compared by analysis of covari-
ance, with previous values as 
covariate and treatment as a 
factor. LC lanthanum carbonate, 
CC calcium carbonate, LOCF 
last observation carried forward, 
LS mean, least square mean, SE 
standard error

Table 2  Differences in Δtotal 
Agatston score of coronary 
artery calcification between the 
LC and CC groups

Values are shown as least square mean (95% confidence interval)
FAS full analysis set, PPS per-protocol set, LC lanthanum carbonate, CC calcium carbonate, LOCF last 
observation carried forward
a Mixed-effects models for repeated measures adjusted by treatment, previous values, and time
b Analysis of covariance by previous values with covariate and treatment as factor
c Log Agatston score, natural log-transformed (Agatston score + 1)

Month  12a Month  24a LOCFb

Agatston score (FAS) − 139 (− 367–90) 243 (− 352–838) 193 (− 332–717)
Agatston score (PPS) − 178 (− 458–102) 361 (− 330–1053) 341 (− 375–1056)
Log Agatston  scorec (FAS) − 0.03 (− 0.24–0.18) 0.06 (− 0.24–0.36) 0.07 (− 0.21–0.34)
Agatston score ≥ 30 at baseline (FAS) − 155 (− 404–94) 256 (− 402–915) 196 (− 381–770)
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assessed by computed tomography [27]. Wada et al. reported 
that annual changes in the aortic calcification index between 
LC and CC were comparable among hemodialysis patients 
with type II diabetes mellitus [28]. A Cochrane Database 
systemic review from 2018 reported that the suppression 
effect of non-calcium-based phosphate binders on the pro-
gression of the CAC score, compared with that of calcium-
based phosphate binders, remained unelucidated [11].

This study demonstrated that there was no significant 
difference in the progression of the CAC score between 
the LC- and CC-treated groups of hemodialysis patients 
with at least one vascular calcification risk during 2 years. 
The CAC score at baseline and annual changes in the 
CAC score during the study were not considerably dif-
ferent from those in previous studies involving hemodi-
alysis patients [22, 25, 29]. Baseline or annual changes 

Fig. 4  Changes in serum 
phosphate (P) (a-1), corrected 
calcium (Ca) (b-1), Ca × P 
products (c-1), and intact para-
thyroid hormone (iPTH) (d-1) 
concentrations are shown as 
medians ± IQRs in the column. 
The column shows differences 
in serum P (a-2), corrected Ca 
(b-2), Ca × P products (c-2), 
and iPTH (d-2) concentrations 
between both groups over time. 
IQR interquartile range, LSmean 
least square mean, SE standard 
error
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in the total CAC score were comparable to past studies 
that assessed CAC score progression among hemodialysis 
patients [22, 24, 25, 30]. In terms of biochemical mark-
ers of CKD-MBD, serum phosphate levels increased and 
serum calcium levels decreased significantly more in the 
LC group than in the CC group within 6 months from the 
start of the study. However, there was no significant dif-
ference in serum calcium or phosphate levels between the 
groups at 12 and 24 months; the calcium × phosphate prod-
ucts, which are associated with vascular calcification, were 
comparable throughout the study period. Recent clinical 
practice guidelines recommend aggressively maintaining 
a target range of serum phosphate concentration, without 
increasing the calcium burden [10, 16]. The JSDT guide-
lines recommend restricting the maximum dose of CC to 
no more than 3000 mg/day. In this study, the concomitant 
use of non-calcium-based phosphate binders, other than 
LC, was allowed. The median dose of CC in the present 
trial was lower than those in most previous studies [22, 
24, 25, 30]. CC should be restrictively titrated to avoid 
hyperphosphatemia, as well as hypercalcemia, according 
to the JSDT guidelines and recently accumulated evi-
dence. In this study, concomitant use of sevelamer, which 
is a non-calcium-based phosphate binder, was allowed 
in both groups. However, the number of sevelamer users 
was comparable during the study period except for that at 
24 months (Table S2, in Online Resource 2). VDRA use 
might be associated with the progression of vascular cal-
cification due to increased intestinal calcium absorption. 
In contrast, cinacalcet ameliorated CAC progression, with 
a decrease in the level of serum phosphate, calcium con-
centrations, and calcium × phosphate products, compared 
to VDRA [29]. VDRA use gradually increased in the LC 
group; cinacalcet use was more prevalent in the CC group 
than in the LC group (Table S2, in Online Resource 2). 
Taken together, both phosphate binders and concomitant 
drugs may affect CAC progression. Currently, various 
drugs are clinically available for CKD-MBD management.

This study has several strengths. First, although the 
targeted number of analyzed patients was not achieved, 
the number of analyzed patients was larger than those in 
previous randomized controlled trials comparing the total 
CAC score between LC and CC. In addition, compared to 
previous studies, the 24-month study duration was long 
enough to assess CAC progression [22, 23, 28]. Second, 
the LANDMARK-SS study was a subsidiary study of the 
LANDMARK study, which compared composite cardio-
vascular events between LC and CC among hemodialysis 
patients with at least one vascular calcification risk. It has 
demonstrated no significant difference in cardiovascular 
events between the two phosphate binders [12]. In the near 
future, we plan to assess the relationship between CAC 

progression and cardiovascular events by cross-referencing 
the results from these two randomized controlled trials.

This trial also has some limitations. First, the prespecified 
target number of enrolled patients for the primary endpoint 
was not achieved. If the assumed number of study patients 
were enrolled, the superiority of either treatment for CAC 
progression may have been detected. Moreover, all partici-
pants were recruited from 23 facilities in Japan. Therefore, 
it is unclear whether the findings from this study could be 
adequately generalized to hemodialysis patients in other 
areas. As previously shown, cardiovascular morbidity and 
mortality among not only the general population but also 
hemodialysis patients in Japan were considerably lower 
than those in Western countries [31]. In general, dietary 
calcium intake in Asian and African countries is reported 
to be markedly lower than that in Western countries [32]. 
Although a dietary survey was not performed in this study, 
dietary calcium intake might be lower in this study than 
in previous studies in Western countries. Dialysate calcium 
concentrations also affect the calcium balance. Interestingly, 
prespecified stratified analysis revealed that CAC progres-
sion was comparable between the two groups in the higher 
dialysate calcium concentration group (≥ 2.8 mEq/L), prob-
ably increasing calcium influx into the body (Table S6, in 
Online Resource 2). As discussed above, baseline or annual 
changes in the total CAC score were comparable with those 
in previous trials. However, patients with CAC > 1000, who 
might behave refractory to any intervention to reduce pro-
gression, accounted for more than 30% of the study popula-
tion, perhaps reflecting that the mean dialysis vintage was as 
long as 7 years. We defined the study population as patients 
with vascular calcification risks, including age ≥ 65 years, 
post-menopause, and diabetes, based on the results of previ-
ous studies [12, 15], but whether this was justified needs to 
be verified.

Second, this trial did not make a head-to-head compari-
son between LC alone and CC alone, and adjunctive seve-
lamer use was allowed in both groups. In the real world, 
combined treatment with more than phosphate binders, 
regardless of whether calcium is present, is used to achieve 
serum phosphate levels within the targeted range. Con-
comitant sevelamer use may affect the progression of CAC. 
No difference in concomitant use of sevelamer other than 
at month 24 was statistically significant between the two 
groups (Table S3, in Online Resource 2). In addition, we did 
not evaluate changes in calcification progression of arteries 
other than the coronary artery and heart valves. Therefore, 
the effects of LC- and CC-based treatments for hyperphos-
phatemia remain unknown.

In conclusion, we found that LC-based treatment for 
hyperphosphatemia did not delay CAC over 2 years, as 
compared with CC-based treatment, in hemodialysis patients 
with at least one vascular calcification. This provides further 
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evidence that non-calcium-based phosphate binders do not 
suppress the progression of vascular calcification and car-
diovascular risk as compared with calcium-based phosphate 
binders.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10157- 022- 02270-5.
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