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Abstract 
Background: Arterial calcification is a predictive marker in patient on hemo-
dialysis (HD), but the relationship between arterial calcification and calci-
protein particles (CPPs) is unclear. Methods: We examined the effects of fer-
ric citrate hydrate (JTT-751) on CPP level and evaluated changes in aortic 
arch calcification (AoAC) grade in patients on maintenance HD (MHD). In 
total, 70 MHD patients were enrolled in the study and followed for 24 
months. We measured serum CPP levels and fibroblast growth factor 23 
(FGF 23) among propensity score-matched MHD patients. One group (n = 
35) was treated with CaCO3 and the other (n = 35) was treated with ferric ci-
trate hydrate (JTT-751). AoAC was assessed on chest-X rays. Eligible patients 
continued the same treatment. Results: All 70 patients completed the study. 
Serum CPP levels reduced in the JTT-751 group, but were not significantly 
different in the CaCO3 group. Among patients whose baseline AoAC score 
(AoACS) was ≤ 4 (median), median AoACS increased from 0 (0 - 3) to 3 (2 - 
4) (p < 0.05) and Δ% AoACS was 2 (0% - 4%) in the JTT-751 group. In the 
CaCO3 group, median AoACS increased from 2 (0 - 2) to 3 (0 - 4) (p < 0.05) 
and Δ% AoACS was 1 (0% - 3%). Conclusion: These results indicate that the 
administration of JTT-751 decreased serum CPP levels but did not inhibit 
AoAC progression in patients on MHD. 
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1. Introduction 

High serum phosphate (P) level is a frequent manifestation in advanced chronic 
kidney disease (CKD) and an important factor for CKD-mineral bone disorder 
(CKD-MBD) [1]. Taniguchi et al. showed an increased mortality risk linked to 
hyperphosphatemia among patients on hemodialysis (HD) [2]. The use of P 
binders was found to be associated with decreased mortality when contrasted 
with a no-treatment group [3]. However, P binders place a considerable burden 
on patients due to the high number of pills, which leads to low adherence re-
duced health-related quality of life [4]. Non-calcium (Ca)-based P binders have 
been recommended to facilitate better prognosis of patients on HD by reducing 
vascular calcification grade [5]. 

Calciprotein particles (CPPs) are a complex of Ca, P, and fetuin-A and have 
the vital physiological function of transporting hydroxyapatite into bone [6]. 
With excessive P and Ca, CPP levels in blood are elevated, and this is contribu-
tory to arteriosclerosis [7] and inflammation [8] in patients with CKD. CPP le-
vels correlate significantly with serum levels of P and fibroblast growth factor 23 
(FGF23), but not with Ca levels, and therefore can increase in CKD patients with 
hyperphosphatemia or hypocalcemia [9]. 

A newly developed Ca-free P binder, ferric citrate hydrate (JTT-751), is cur-
rently undergoing development as a therapy for hyperphosphatemia in CKD pa-
tients. While ferric citrate is a versatile agent with various uses such as a food 
additive and has been reported to reduce serum P levels [10], JTT-751 is a novel 
bioactive pharmaceutical agent with a greater surface area than conventional 
ferric citrate, which confers it with a more favorable dissolution rate. These fea-
tures may factor in the strong ability of JTT-751 to bind P in the gastrointestinal 
tract. Indeed, JTT-751 has shown an excellent serum P-reducing effect without 
serious side effects at relatively low doses in HD patients [11] [12]. 

This study sought to compare the effects of JTT-751 with those of a Ca-based 
P binder on aortic calcification (AoAC) and serum CPP levels in patients on 
maintenance HD (MHD). 

2. Methods 
2.1. Study Subjects 

We calculated that the required number of subjects would be 70 for the two 
groups combined if the statistical power is 60%, the one-sided level of signific-
ance was 5%. A total of 70 eligible patients from the dialysis center of Jyoban 
Hospital were enrolled in this study in July 2015. Inclusion criteria were age ≥ 20 
years, a minimum of 3 months of stable condition, and at least 6 months on HD 
treatment. Exclusion criteria were severe gastrointestinal disease, hepatitis 
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and/or liver cirrhosis, high risk of hemorrhage, hypocalcemia with an adjusted 
serum Ca of < 7.5 mg/dL, severe cardiovascular dysfunction, poorly controlled 
diabetes mellitus (DM), meeting any of the contraindications for using JTT-751 
or Ca-based P binders, and being considered unfit to participate by investigators. 
Also excluded were patients undergoing in-center nocturnal HD (extended-hours), 
those scheduled to undergo parathyroidectomy or live renal transplant within 6 
months of enrollment, or others with an estimated life expectancy of < 3 
months. 

All participants gave their written informed consent. The study protocol was 
approved by the Jyoban Hospital Institutional Ethical Committee (Approval no. 
26-1) and was carried out in adherence to the tenets of the Declaration of Hel-
sinki and the Committee on Human Research. 

2.2. Study Protocol 

All patients were randomized at a 1:1 ratio to either of two groups: the JTT-751 
group (Riona 250 mg; Torii, Tokyo, Japan) or the calcium carbonate (CaCO3) 
group (Caltan 500 mg; Merkhoei-Fuso, Tokyo, Japan). Each tablet was adminis-
tered orally 3 times daily with meals for 24 months. At screening, patients were 
further grouped by age and sex with propensity score-matching. After screening, 
participants were not subjected to a washout period of withdrawal of all P bind-
ers. Due to the sample size and appearance and taste of the tablets, the partici-
pants, investigators, and attending physicians were not blinded to the study. 
However, outcome investigators were blinded to the assigned treatment and pa-
tient characteristics. 

Following propensity score-matching, subjects were first given either JTT-751 
or CaCO3 and the dose was titrated every 2 weeks for the first 6 weeks to allow 
for normalization of serum P levels (4.5 - 5.5 mg/dL) and correction of serum Ca 
levels (8.5 - 10.5 mg/dL). During the study period, dosage of the vitamin D ana-
logue calcitriol was adjusted in line with usual practice for optimal management 
of patients with CKD-MBD. No subjects were administered aluminum-based P 
binders. We used the Japanese Society for Dialysis Therapy recommended target 
levels for serum biomarkers of CKD-MBD. 

HD sessions were carried out using hollow-fiber dialyzers, such as cellulose 
triacetate and polysulfone, 3 times per week for 4 h daily). The set parameters 
were as follows: blood flow rate at 200 mL/min and dialysate flow rate at 500 
mL/min. Mean residual urine volume was < 100 mL/day as previously described 
[13]. Safety assessment was performed using laboratory assessment and docu-
mentation of adverse events. 

2.3. Assessment of AoAC 

For all participants, chest radiographs were reviewed by 2 radiologists indepen-
dently. Radiographs were evaluated for any features indicative of AoAC based 
on a scale previously reported by Ogawa et al. [13]. The scale with 16 equal sec-
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tors was placed on the aortic arch on a chest X-ray film, sectors with calcification 
were identified and counted, and the number of sectors was divided by 16. The 
resulting value was then expressed as a percentage, and this was considered the 
aortic arch calcification score (AoACS). This value was considered an index of 
the presence of AoAC. In a previous study, we confirmed that AoACS showed 
high correlation with AoAC volume as assessed using multi-slice computed to-
mography (r = 0.635, p < 0.001) [13]. 

2.4. Laboratory and Hemodynamic Assessments 

Blood sampling was done before the start of each dialysis session. The levels of 
serum albumin, Ca, P, total cholesterol, high-density lipoprotein (HDL) choles-
terol, triglyceride, C-reactive protein (CRP) and hemoglobin were measured 
with standard laboratory tests. For the analysis, we used the mean of 3 mea-
surements taken within 3 months before chest radiography. Serum levels of in-
tact by electro chemiluminescence immunoassay. Adjusted serum Ca levels were 
calculated using the formula [Ca + (4-albumin)]. Serum CPP levels were meas-
ured using OsteoSence®750EX fluorescent imaging agent as previously described 
[9]. Sandwich enzyme-linked immunosorbent assay for human FGF23 (Kainos 
Laboratories Inc., Tokyo, Japan) was used to measure serum FGF23 level. The 
assay evaluates biologically active, full-length FGF23 using two FGF23 monoc-
lonal antibodies as previously described [14]. Urea kinetics was evaluated by 
measuring the Kt/V, which is a blood-based dialysis parameter that reflects di-
alysis adequacy [15]. We also assessed the normalized protein catabolism rate 
(nPCR), which is an indirect index of protein intake and was calculated as pre-
viously described [16]. 

All participants underwent routine clinical examination to evaluate clinical 
status before the HD session. Measurements for systolic and diastolic blood 
pressure (BP) were obtained using a conventional mercury sphygmomanometer 
with the patient in the supine position after 10 - 15 min of rest; mean values for 
1 month were used for analysis. Elevated blood pressure was defined as (a) 
pre-dialysis systolic BP > 140 mmHg, (b) diastolic BP > 90 mmHg, or (c) use of 
any antihypertensive therapy.  

2.5. Outcome Measures 

We carried out evaluations of safety and efficacy every 4 weeks. In this study, the 
primary outcome was changed in the extent of AoAC from baseline to 24 
months. The secondary outcome was changed in serum CPP level. 

2.6. Statistical Analysis 

Continuous variables are shown as means ± standard deviation (SD) and cate-
gorical variables are shown as percentage. For nonparametric testing, Spear-
man’s correlation analysis was used to assess the relationship among bone-derived 
biomarkers, clinical and biochemical factors, and AoACS. For comparing the 
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extent of AoAC severity, the chi-square test was used for categorical va-
riables, the one-way analysis of variance was used for continuous variables 
with normal distribution, and the Kruskal-Wallis test was used for conti-
nuous variables with skewed distribution. We also compared the levels of 
bone-derived biomarkers between the 2 groups using a post-hoc Bonferro-
ni-corrected Mann-Whitney U test. All analyses were performed using JMP for 
Windows version 11 (SAS Institute Inc., Cary, NC). Statistical significance was 
set at a p-value < 0.05. 

3. Results 

Table 1 shows the demographics of the study population at baseline. In total, 70 
patients who met the inclusion criteria were enrolled and randomized into 2 
groups:35 patients were allocated to receive CaCO3 and 35 were allocated to re-
ceive JTT-751. Participants were followed up and at 24 months all were still 
enrolled in the trial and thus were entered into the analysis. Serial AoACS as-
sessment was possible in all 70 patients.  

There were no significant differences for age, sex, dialysis vintage, Kt/V, di-
abetes, body mass index, nPCR, corrected Ca, P, iPTH, hemoglobin, ferritin, al-
bumin, CRP, total cholesterol, HDL cholesterol, triglycerides, or use of antihy-
pertensives, vitamin D, cinacalcet, or statins. No patients had received coumarin 
anticoagulant therapy. However, the JTT-751 group had significantly higher se-
rum CPP levels compared with the CaCO3 group (p = 0.0019). Log serum FGF23 
levels showed a positive correlation with log serum CPP levels (r = 0.609, p < 
0.001) (Figure 1).  

Table 2 shows a comparison of changes in biochemical markers in the 2 pa-
tient groups during the study period. Similar serum P and corrected Ca levels 
were observed in both groups throughout the duration of the study. No signifi-
cant differences were observed at follow-up at 24 months. Serum iPTH levels 
tended to increase in both groups at 24 months, but there were no significant 
differences between the groups. The CaCO3 group showed decreased serum 
HDL cholesterol levels, whereas the JTT-751 group showed increased levels. Se-
rum FGF23 levels increased in the CaCO3 group but did not change significantly 
in the JTT-751 group. Notably, serum CPP levels decreased in the JTT-751 
group, with no significant differences in the CaCO3 group. Furthermore, no sig-
nificant differences were noted in other biochemical markers between the 2 
groups. There were no cases of bone fracture, hypercalcemia, or cardiovascular 
events during the study. None of the patients discontinued the study medication 
due to adverse effects. JTT-751 was administered at a starting dose of 750 
mg/day and had been increased to 1930 ± 510 mg/day at the end of the study. 
CaCO3 was administered at a starting dose of 1500 mg/day and had been in-
creased to 1730 ± 450 mg/day at the end of the study. Prescribed doses of vita-
min D and cinacalcet did not significantly differ between the 2 groups (data not 
shown). 
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Table 1. Baseline characteristics of the study population. 

 
Total (n = 70) CaCO3 (n = 35) JTT-751 (n = 35) P-value 

Age, years 76 (67 - 80) 76 (67 - 82) 76 (67 - 79) 0.8415 

Male, % 38 (54.3) 19 (54.3) 19 (54.3) 1.0000 

Dialysis vintage, 
months 

32 (13 - 65) 36 (16 - 72) 30 (11 - 60) 0.1902 

Kt/V 1.51 (1.29 - 1.70) 1.54 (1.30 - 1.71) 1.44 (1.26 - 1.7) 0.4042 

Diabetes, n (%) 36 (51.4) 16 (45.7) 20 (57.1) 0.3388 

CPP, pg/ml 
102,041  

(54,856 - 201,152) 
60,330  

(41,022 - 120,055) 
155,857  

(78,082 - 290,852) 
0.0019 

FGF23, pg/ml 1939 (603 - 5962) 1876 (486 - 4423) 2580 (830 - 6736) 0.1805 

BMI 21.1 (18.0 - 23.8) 21 (18.0 - 23.8) 21.1 (17.7 - 24.5) 0.9953 

nPCR 0.82 (0.72 - 0.93) 0.79 (0.70 - 0.91) 0.84 (0.76 - 0.96) 0.3539 

Ca, mg/dl 8.4 (8.0 - 8.7) 8.4 (8.0 - 8.6) 8.5 (8.1 - 9.0) 0.1428 

P, mg/dl 4.7 (4.2 - 5.6) 4.6 (3.7 - 5.7) 4.7 (4.4 - 5.5) 0.4072 

iPTH, pg/ml 128 (58 - 215) 141 (76 - 226) 112 (67 - 213) 0.2387 

Hemoglobin, % 10.9 (10.0 - 11.8) 10.8 (9.8 - 11.8) 11.0 (10.3 - 11.8) 0.2901 

Albumin, g/dl 3.6 (3.4 - 3.9) 3.6 (3.3 - 3.8) 3.6 (3.4 - 3.9) 0.7142 

CRP, mg/dl 0.12 (0.05 - 0.30) 0.07 (0.03 - 0.22) 0.16 (0.06 - 0.41) 0.1012 

TC, mg/dl 160 (138 - 182) 151 (130 - 184) 168 (143 - 181) 0.2401 

HDL-C, mg/dl 46 (36 - 55) 47 (39 - 59) 44 (36 - 53) 0.4413 

TG, mg/dl 84 (56 - 115) 83 (56 - 104) 101 (68 - 145) 0.1267 

Anti-hypertensives,  
n (%) 

27 (38.6) 11 (31.4) 16 (45.7) 0.2195 

Vitamin D, n (%) 42 (60.0) 22 (62.9) 20 (57.1) 0.6256 

Cinacalcet, n (%) 3 (4.3) 1 (2.9) 2 (5.7) 0.5551 

Statin, n (%) 9 (12.9) 6 (17.1) 3 (8.6) 0.2841 

Data are expressed as median (interquartile ranges) or numbers (%). BMI, body mass index; Ca, corrected 
calcium; CPP, calciprotein particle; CRP, C-reactive protein; FGF23, fibroblast growth factor 23; HDL-C, 
high-density lipoprotein cholesterol; iPTH, intact parathyroid hormone; nPCR, normalized protein cata-
bolic rate; P, phosphorus; TC, total cholesterol; TG, triglycerides. 

 
Table 3 shows the changes in AoACS from baseline in all 70 patients during 

the study period. Median (interquartile range [IQR]) AoACS increased from 4 
(0 - 7) to 5 (3 - 9) and median (IQR) change in AoACS (Δ% AoACS was 1 (0% - 
3%) in the JTT-751 group. In the CaCO3 group, median (IQR) AoACS increased 
from 2 (0 - 5) to 3 (2 - 5) and Δ% AoACS was 0 (0% - 3%). There were no sig-
nificant differences between the 2 groups (p = 0.412). 

Results stratified by baseline AoACS are also shown in Table 3. Among pa-
tients with advanced AoAC at the start of the study (initial AoACS value 4), me-
dian (IQR) AoACS increased from 7 (6 - 10) to 8 (6 - 11) and Δ% AoACS (IQR) 
was 1 (0% - 2%) in the JTT-751 group. In the CaCO3 group, median (IQR)  
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Table 2. Changes in biochemical markers during the study period. 

CaCO3 

 
Baseline 24 months P-value 

P 4.6 (3.7 - 5.7) 5.6 (5.1 - 6.2) 0.0822 

Ca 8.4 (8.0 - 8.6) 8.6 (8.2 - 8.9) 0.1374 

iPTH 141 (76 - 226) 155 (95 - 217) 0.7881 

Ferritin 98 (42 - 169) 141 (37 - 226) 0.0523 

Hemoglobin 10.8 (9.8 - 11.8) 10.7 (10.2 - 11.5) 0.9272 

Albumin 3.6 (3.3 - 3.8) 3.6 (3.2 - 3.8) 0.8224 

CRP 0.07 (0.03 - 0.22) 0.10 (0.05 - 0.39) 0.7178 

Kt/V 1.54 (1.30 - 1.71) 1.52 (1.35 - 1.78) 0.3791 

nPCR 0.79 (0.70 - 0.91) 0.78 (0.69 - 0.92) 0.6712 

TC 151 (130 - 184) 154 (136 - 182) 0.9779 

HDL-C 47 (39 - 59) 53 (43 - 59) 0.0070 

TG 83 (56 - 104) 70 (45 - 90) 0.0515 

CPP 60,330 (41,022 - 120,055) 39,949 (14,187 - 93,153) 0.1849 

FGF23 1877 (486 - 4423) 2656 (444 - 9361) 0.0142 

JTT-751 

 
Baseline 24 months P-value 

P 4.7 (4.4 - 5.5) 4.5 (4.1 - 5.0) 0.0015 

Ca 8.5 (8.1 - 9.0) 8.9 (8.2 - 9.2) 0.8628 

iPTH 112 (67 - 213) 183 (71 - 266) 0.0452 

Ferritin 116 (50 - 234) 127 (71 - 219) 0.9116 

Hemoglobin 11.0 (10.3 - 11.8) 11.2 (9.5 - 12.1) 0.7482 

Albumin 3.6 (3.4 - 3.9) 3.7 (3.5 - 3.9) 0.5367 

CRP 0.16 (0.06 - 0.41) 0.24 (0.08 - 1.23) 0.0699 

Kt/V 1.44 (1.26 - 1.70) 1.50 (1.31 - 1.81) 0.1657 

nPCR 0.84 (0.76 - 0.96) 0.83 (0.74 - 1.04) 0.3706 

TC 168 (143 - 181) 160 (140 - 186) 0.5734 

HDL 44 (36 - 53) 49 (41 - 61) 0.0324 

TG 101 (68 - 145) 85 (49 - 112) 0.0250 

CPP 155,857 (78,082 - 290,852) 60,968 (35,532 - 116,478) 0.0143 

FGF23 2580 (830 - 6736) 3982 (1861 - 16,497) 0.0560 

Data are expressed as median (interquartile rages) or numbers (%). Ca, corrected calcium; CPP, calciprote-
in particle; CRP, C-reactive protein; FGF23, fibroblast growth factor 23; HDL, high-density lipoprotein 
cholesterol; iPTH, intact parathyroid hormone; nPCR, normalized protein catabolic rate; P, phosphorus; 
TC, total cholesterol; TG, triglycerides. 

 
AoACS did not change significantly (from 6 [5 - 6] to 5 [5 - 9]) and Δ% AoACS 
(IQR) was 0 (0% - 3%). 
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Table 3. Changes in AoACS during the study period. 

 
JTT-751 (n = 35) CaCO3 (n = 35) 

All participants Baseline 24 months Baseline 24 months 

AoACS 4 (0 - 7) 5 (3 - 9)* 2 (0 - 5) 3 (2 - 5)* 

Δ% AoACS 1 (0 - 3) 0 (0 - 3) 

 
JTT-751 (n = 20) CaCO3 (n = 22) 

Baseline AoACS ≤ 4 Baseline 24 months Baseline 24 months 

AoACS 0 (0 - 3) 3 (2 - 4)* 2 (0 - 2) 3 (0 - 4)* 

Δ% AoACS 2 (0 - 3) 1 (0 - 3) 

 
JTT-751 (n = 15) Calcium Carbonate (n = 13) 

Baseline AoACS > 4 Baseline 24 months Baseline 24 months 

AoACS 7 (6 - 10) 8 (6 - 11) 6 (5 - 6) 5 (5 - 9) 

Δ% AoACS 1 (0 - 2) 0 (0-3) 

*P < 0.05 vs. baseline. Data are expressed as median (interquartile ranges). AoACS, aortic arch calcification 
score. 

 

 
Figure 1. Correlation between serum levels of calciprotein particle (CPP) and fibroblast 
growth factor (FGF) 23. Values are not normally distributed and log-transformed values 
are shown. 
 

In contrast, among patients with no progression of AoACS at the start of the 
study (initial AoACS value ≤ 4), median (IQR) AoACS increased from 0 (0 - 3) 
to 3 (2 - 4) (p < 0.05) and the Δ% AoACS was 2 (0% - 4%) in JTT-751 group (p = 
0.0117). In the CaCO3 group, median AoACS increased significantly from 2 (0 - 
2) to 3 (0 - 4; p = 0.0073) and Δ% AoACS (IQR) was 1 (0% - 3%). Figure 2 
shows changes in AoACS in the JTT-751 and CaCO3 groups. 
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Figure 2. Changes in aortic arch calcification score (AoACS) in patients treated with 
CaCO3 or JTT-751. P-values are for 24-month results compared with baseline values. 

4. Discussion 

This evaluation of AoAC progression with JTT-751 compared with CaCO3 in 
patients on MHD is the first to our knowledge. We also showed that JTT-751 in-
hibits CPP production. However, JTT-751 did not suppress the progression of 
AoAC at 24 months after starting treatment in the entire study population. In 
contrast, in the group with advanced AoAC (AoACS > 4) at baseline, no signifi-
cant difference was observed in the rate of AoAC progression in the JTT-751 or 
CaCO3 group after 24 months.  

CPPs are a novel biomarker of CKD-MBD and comprise P, Ca, and proteins 
such as fetuin A; P is the main factor that contributes to CPP level and biological 
activity. Blood CPP levels increase with increased P and Ca levels, and this con-
tributes to arteriosclerosis [7] and inflammation [8] in patients with CKD. CPP 
levels increase, just before the increase in FGF23 level that occurs in the G1 and 
G2 stages of CKD [7]. Based on the above findings, it was hypothesized that 
CPPs could possibly induce FGF23 and recently we confirmed this hypothesis in 
vitro and in vivo [17]. Moreover, CPP levels have been reported to show signifi-
cant correlation with P and FGF23 levels, but not Ca levels, and thus can be in-
creased even in of hyperphosphatemic and hypocalcemic states associated with 
CKD progression [9]. Nevertheless, further study is required to elucidate the 
mechanism underlying the formation of CPP in vivo. CPP and FGF23 could be 
implicated in chronological changes in CKD-MBD to facilitate homeostasis of 
bone and mineral metabolism. 

JTT-751 is a novel P binder that has ferric citrate as the active ingredient [18] 
[19]. The surface area of JTT-751 is larger and it has a faster dissolution rate 
than ferric citrate. It is thus expected to demonstrate efficacy as a P binder and 
has been reported to prevent the progression of ectopic calcification, secondary 
hyperparathyroidism and bone disorders in rats with chronic renal failure [20]. 
Currently, JTT-751 is undergoing development for use in the treatment of 
hyperphosphatemia in dialysis patients and its efficacy and safety have been 
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demonstrated in a Phase 2 dose-response study [11]. According to results of a 
Phase 3 clinical trial by Yokoyama et al., the safety and relative efficacy of 
JTT-751 was found to be comparable to that of sevelamer in patients with 
hyperphosphatemia on HD [21]. The use of JT-751 was associated with a signif-
icant but relative increase in serum ferritin and transferrin saturation. As a 
P-reducing agent, JTT-751 is well tolerated and effective and is known to have 
off-target effects highly likely related to reduced overall cardiovascular risk in 
MHD patients. In addition, JTT-751 could be an appropriate first-line treatment 
choice for P-reducing when indicated (serum P levels > 4.5 mg/dL), as men-
tioned in the Kidney Disease: Improving Global Outcomes guidelines [5]. 

Transformation of primary CPP to secondary CPP metabolites depends on 
individual serum composition, and more precisely on the levels of calcifica-
tion-inhibiting factors, including fetuin-A and albumin (proteins), and Ca, P, 
magnesium, and pyrophosphate (small molecules) [8] [21]. Secondary CPP me-
tabolites induced cell necrosis, mineralization, and tumor necrosis factor 
(TNF)-α mRNA expression and protein levels in vitro using primary human 
aortic vascular smooth muscle cells. These findings in addition to the aggrava-
tion and amelioration of these effects by treatment with TNF-α and its inhibitor, 
respectively, suggest that secondary CPP could potentially induce local produc-
tion of cytokines such as TNF-α with resulting vascular injury [22]. Administra-
tion of a CPP inhibitor attenuated vascular injury in rats on an adenine-containing 
diet and reduced blood CPP elevation and vascular calcification [23]. In con-
trast, secondary CPP metabolites have been identified in sites vascular injury 
where they are phagocytosed by CD68-positive macrophages via scavenger re-
ceptor-A I/II in ApoE and fetuin-A deficient mice [24]. CPP could thus contri-
bute to vascular calcification in these pathological animal disease models. 

AoAC is a form of vascular calcification typically seen in patients on dialysis. 
The progression of vascular calcification has been associated with factors in-
cluding aging, diabetes mellitus, inflammation, oxidative stress, uremic toxins, 
the renin-angiotensin system activity, high blood pressure, hyperlipidemia, and 
mineral disorders [25]. Hyperphosphatemia is considered the main factor in the 
pathophysiology of AoAC [26]. Notably, serum P levels are prone to increase in 
HD patients because they cannot excrete P into the urine, so it is necessary to 
remove P by dialysis and control P burden in the intestine in these patients. 
However, vascular calcification is frequently observed in CKD patients with se-
rum P levels within normal reference range [27], implying that CPPs may be as-
sociated with vascular calcification. In the present study, JTT-751 reduced serum 
levels of P and CPP, resulting in less AoAC progression despite comparable 
control of serum P and Ca levels, but only in cases with advanced AoAC at base-
line. These findings suggest that JTT-751 may be effective for inhibition of vas-
cular calcification in MHD patients [7] [8]. 

A large phase III trial of US patients on dialysis described the non-inferiority 
of the P-reducing effects of ferric citrate compared with that of sevelamer and Ca 
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acetate, with a significant increase in serum transferrin saturation, ferritin, and 
hemoglobin levels [28] [29]. This allowed for lower requirements for intraven-
ous iron supplementation and use of erythropoiesis-stimulating agents. These 
findings are consistent with reports from Japan and Taiwan [30] [31]. It has 
been shown that iron availability and absorption are considerably higher com-
pared with the outcomes obtained with the use of sucroferric oxyhydroxide, and 
in this phase III trial hemoglobin increased by a mean of 0.5 g/dl with compara-
tive increases in transferrin saturation and ferritin levels. 

Similar to sucroferric oxyhyroxide, ferric citrate has been linked with 
mild-to-moderate diarrhea and darkish discoloration of stool. The increased in-
testinal iron absorption is likely a result of citrate formation and the higher dose 
of elemental iron administered. There is current information available on expo-
sure to ferric citrate for up to 1 year only; not much data is available regarding 
possibly undesirable persistent iron accumulation following long-term exposure 
and thus proper evaluation in the future is necessary. This agent does, however, 
offer the potential of effective counteract iron deficiency anemia by oral admin-
istration in patients on dialysis and may represent a P binder with an added val-
ue [32]. 

This study has some limitations. First, because of the small sample size and 
the relatively short observation period of 2 years, our findings should be con-
firmed in a larger patient group. Second, the possibility of bias due to misclassi-
fication is a key limitation that may have influenced changes in biochemical 
markers during the duration of treatment. Third, because treatment was not 
blinded the possibility of contamination and co-intervention cannot be ruled 
out. A new assay for measuring CPP level using fresh plasma has been devel-
oped, but the CPP levels in this study were derived from frozen serum. Fourth, 
in this study, we could not ascertain the actual role of JTT-751 in reducing 
AoAC and could not confirm an association with reduced oral Ca ingestion or 
other confounding factors. Thus, further research is warranted to clarify the role 
of decreased Ca intake, reduced frequency of hypercalcemic episodes, enhanced 
iPTH control, or other metabolic effects in the utility of JTT-751. 

In conclusion, JTT-751 inhibited the production of CPP but did not suppress 
AoAC progression at 24 months after the start of treatment. Participants pre-
scribed JTT-751 demonstrated less progression of AoAC even with comparable 
control of serum P or Ca levels, but only those with severe AoAC at baseline. 
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