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Abstract

Background It is necessary to re-examine the optimal phosphate (P) and calcium (Ca) target values in the contemporary
management of chronic kidney disease—mineral and bone disorder to reduce the risks of cardiovascular events in patients
receiving hemodialysis.

Methods We performed a post-hoc analysis of the LANDMARK study. The outcomes were defined as cardiovascular events
and all-cause death. Data from 2135 patients receiving hemodialysis at risk of vascular calcification were analyzed using a
time-dependent Cox proportional hazard model adjusted for background factors.

Results On the hazard ratio (HR) curve, the ranges where the lower 95% confidence interval (CI) were below the mini-
mum of HR (=1.00) were as follows: P=3.5-5.5 mg/dL; albumin-adjusted Ca <9.1 mg/dL for cardiovascular events; and
P=3.6-5.3 mg/dL; albumin-adjusted Ca<9.1 mg/dL for all-cause mortality. In stratified analysis, the HRs for cardiovas-
cular events in P<3.5 mg/dL and P >5.5 mg/dL were similar to that of P=3.5-5.5 mg/dL (P >0.05), and albumin-adjusted
Ca>9.1 mg/dL had higher HR than values <9.1 mg/dL [1.30 (95% CI 1.00-1.68; P =0.046)]. For all-cause mortality,
the HR in P <3.6 mg/dL was higher than that in P=3.6-5.3 mg/dL [1.76 (95% CI 1.25-2.48; P=0.001)], while the HRs
between P>5.3 mg/dL and P=3.6-5.3 mg/dL as well as those between albumin-adjusted Ca>9.1 and <9.1 mg/dL were
not significantly different (P> 0.05).

Conclusions Managing albumin-adjusted Ca<9.1 mg/dL may reduce the cardiovascular risk among patients undergoing
hemodialysis. Hypophosphatemia < 3.6 mg/dL may be associated with mortality.
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Cardiovascular disease is highly prevalent and a leading
cause of death among patients with chronic kidney disease
(CKD) who undergo hemodialysis [1]. Many factors contrib-
ute to the development of cardiovascular disease in patients
undergoing hemodialysis, including classical risk factors

Division of Clinical Pharmacology, Department
of Pharmacology, Showa University School of Medicine,
Tokyo, Japan

Division of Nephrology, Department of Internal
Medicine, Showa University Northern Yokohama

Hospital, Chigasaki-Chuo 35-1, Tsuzuki, Yokohama,, such as hypertension, dyslipidemia, and chronic inflamma-
Kanagawa 224-8503, Japan tion, in addition to risk factors specific to CKD and dialy-
3 Division of Nephrology, Endocrinology and Metabolism, sis therapy. Among these, CKD-mineral and bone disorder
Department of Internal Medicine, Tokai University School (MBD) likely plays an important role in the pathogenesis of
of Medicine, Kanagawa, Japan cardiovascular disease among patients with end-stage kidney
*  Division of Nephrology, Department of Medicine, Showa disease [2, 3]. Large-scale observational studies consistently
University School of Medicine, Tokyo, Japan show that serum levels of phosphate (P) and calcium (Ca)
5 Department of Hygiene, Public Health and Preventive are significantly associated with cardiovascular risk and all-

Medicine, Showa University School of Medicine, Tokyo,

p cause mortality in patients receiving dialysis [4—7]. In most
apan

@ Springer


http://orcid.org/0000-0002-2293-0132
http://crossmark.crossref.org/dialog/?doi=10.1007/s10157-022-02288-9&domain=pdf

180

Clinical and Experimental Nephrology (2023) 27:179-187

patients undergoing dialysis, even with dietary P restrictions,
hyperphosphatemia is inevitable and requires a P binder to
control serum P levels [8]. Unfortunately, there is no rand-
omized clinical trial (RCT) comparing the effects of P bind-
ers and a placebo on hard outcomes, including cardiovascu-
lar events and all-cause mortality. However, observational
studies have shown that P binder use improved survival
rate among patients undergoing hemodialysis [4, 9, 10].
However, the optimal serum P level range remains unclear.
Based on data from observational studies, the Kidney Dis-
ease Outcomes Quality Initiative (K/DOQI) clinical prac-
tice guidelines recommend that patients undergoing dialysis
achieve the following target ranges for biochemical markers
of CKD-MBD: 3.5-5.5 mg/dL for serum P, 8.4-9.5 mg/
dL for albumin-adjusted Ca, and 150-300 pg/L for intact
parathyroid hormone (iPTH) [11]. The Japanese Society for
Dialysis Therapy (JSDT) clinical practice guidelines rec-
ommend the following ranges: 3.5—-6 mg/dL for serum P,
8.4—10 mg/dL for albumin-adjusted Ca, and 60-240 pg/L
for iPTH [12]. The updated 2017 kidney disease: improv-
ing global outcomes (KDIGO) guidelines recommend that
elevated serum P levels should be lowered towards the nor-
mal range in patients with CKD irrespective of hemodialysis
[8]. The results of the COSMOS study show that serum P
and Ca levels of 4.4 and 8.8 mg/dL, respectively, were asso-
ciated with the minimum relative risk of mortality among
European patients undergoing hemodialysis [10]. In addi-
tion, a recent RCT in Japan reported that strict P control
using non-Ca-based P binders with P-binding affinity inhib-
ited the progression of coronary artery calcification (CAC)
[13]—which is a reliable surrogate marker for cardiovascular
disease [14]—over conventional control in patients undergo-
ing hemodialysis. Observational cohorts have examined the
relationship between CKD-MBD biomarkers and cardiovas-
cular risk or mortality; however, neither calcimimetic agents
nor non-Ca-based P binders, both of which can facilitate
serum P concentration management without increasing Ca
load, have been used in clinical practice [4-7]. We con-
ducted a post-hoc analysis of the LANDMARK study [15],
which is an RCT comparing Ca carbonate-based and lan-
thanum carbonate-based treatment for hyperphosphatemia
among patients undergoing hemodialysis at risk of vascular
calcification, to clarify the optimal target levels of P and
Ca to reduce the risk of cardiovascular events and all-cause
mortality.

Materials and methods
Study design and population

We examined participants enrolled in the LANDMARK
study, which is a randomized, open-label, blinded clinical
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trial comparing lanthanum carbonate-based treatment with
Ca carbonate-based treatment among patients with hyper-
phosphatemia undergoing hemodialysis with at least one
vascular calcification risk factor (age > 65 years, post men-
opause, diabetes). The patients were recruited from a total
of 273 dialysis facilities across Japan between November
2011 and June 2018. The LANDMARK study design and its
results have been previously published [15]. The eligibility
criteria are shown in Online Resource 1. The LANDMARK
study was approved by the local ethics committees and all
participants provided written informed consent. The study
procedures adhered to the Declaration of Helsinki. A total of
2374 patients were screened for enrollment, and data from
2135 patients formed the full analysis set (Online Resource
2) and were analyzed.

Outcomes

The primary outcome was defined as a composite of cardio-
vascular events that included: (1) death due to a cardiovascu-
lar event (myocardial infarction or stroke), including cardiac
death; (2) nonfatal myocardial infarction; (3) nonfatal stroke,
including transient ischemic attack; (4) unstable angina; (5)
hospitalization for heart failure; and (6) hospitalization for
ventricular arrhythmia (Online Resource 3). All-cause mor-
tality was evaluated as the secondary outcome.

Statistical analyses

A Cox proportional hazard model with time-dependent vari-
ables was used to evaluate the association between P, Ca,
and the incidence of cardiovascular events and all-cause
mortality, with results expressed as hazard ratios (HRs) and
95% confidence intervals (CIs). P and albumin-adjusted
Ca concentrations were incorporated into the Cox model
as continuous variables and smoothed using natural cubic
splines for visualization. Models for adjustment were as fol-
lows: Model 1 was unadjusted, Model 2 was adjusted for
some background factors, and Model 3 was the full model.
The minimum HRs of P and Ca concentrations were used
as a reference (HR =1.00), HR curves were drawn for P and
albumin-adjusted Ca, and three-dimensional HR curves were
generated for the combination of P and albumin-adjusted
Ca. Then, a stratified analysis was performed using a time-
dependent Cox proportional hazard model with grouping
by the concentration at which the lower 95% CI crossed
HR =1.00 threshold in the HR curves. The range where the
lower 95% CI was less than 1.00 threshold in the HR curve
was used as the reference, and the HR was adjusted by the
variables in Model 3. Finally, HR curves were drawn for the
change in P and albumin-adjusted Ca concentrations from
baseline with that grouping.
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All analyses were performed using R version 4.1.2, the
‘survival’ package. The significance level was set to P <0.05
(two-tailed). Albumin-adjusted Ca was calculated using
serum albumin levels with Payne’s formula [16].

Results

Data from 2135 patients were analyzed. The baseline
characteristics are shown in Table 1. The median age of
the patients was 69 years, 40.5% were female, the median
dialysis vintage was 4.7 years, and 56.1% of the patients
had diabetes. During a median follow-up period of 3.16
[interquartile range (IQR) 2.47-3.86] years, cardiovascular
events occurred in 281 patients [4.55/100 person-years (95%
CI 4.03-5.11)] and 307 patients did not survive [4.74/100
person-years (95% CI 4.23-5.30)] (Table 2).

Hazard ratios for cardiovascular events
and all-cause mortality

Figure 1a shows the association of the relative risk of cardio-
vascular events with serum P concentration. The relationship
between serum P concentrations and the HR for cardiovas-
cular event risk appeared as U-shaped curves, consistent
with previous studies [4-7, 10]. Model 1 was unadjusted
and Model 2 was adjusted for age, sex, years of hemodialy-
sis, diabetes, and albumin concentration. Model 3 was the
full model adjusted for the Model 2 variables plus current
smoking, either P or albumin-adjusted Ca concentration,
hemoglobin concentration, platelet count, iPTH concentra-
tion, potassium concentration, Kt/V (estimated using the
second generation Daugirdas equation [17]), and prescrip-
tion of active vitamin D, cinacalcet hydrochloride, statins,
and renin-angiotensin system inhibitors. In the association
between the relative risk for cardiovascular events and albu-
min-adjusted Ca concentrations, a U-shaped trend was also
observed (Fig. 1b). The lowest HR was noted at serum P and
Calevels of 4.7 and 8.5 mg/dL, respectively (Fig. 1a, b). The
lower 95% CI of the HR crossed the HR = 1.00 threshold at
3.5 and 5.5 mg/dL for P, and 9.1 mg/dL for albumin-adjusted
Ca (Fig. la, b). All-cause mortality was assessed and is
shown in Fig. 1c, d. The lowest HR was noted at serum P
and Ca levels of 4.7 and 8.6 mg/dL, respectively (Fig. lc, d).
The lower 95% CI of the HR crossed the HR = 1.0 threshold
at 3.6 and 5.3 mg/dL for P, and 9.1 mg/dL for albumin-
adjusted Ca (Fig. 1c, d). Online Resource 4 shows the HR
curves for uncorrected calcium concentration.

In the combined P and Ca analysis, the lowest HR of
the cardiovascular events was noted at serum P and Ca lev-
els of 4.7 and 8.5 mg/dL, respectively (Fig. 2a). The low-
est HR for all-cause mortality was noted at serum P and
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Table 1 Baseline patient demographics and characteristics
Variable Frequency
n 2135
Age, years, median (IQR) 69 (63-75)
Female, n (%) 864 (40.5)
BMI, kg/m?, median (IQR) 21.5 (19.6-24.0)
Current smoking, n (%) 252 (11.8)
Diabetes, n (%) 1198 (56.1)
Dialysis vintage, years, median (IQR) 4.7 (2.1-9.3)
Primary diseases
Glomerular disease, n (%) 485 (22.7)
Diabetic disease, n (%) 1058 (49.6)
Hypertension, n (%) 251 (11.8)
Polycystic kidney disease, n (%) 86 (4.0)
Tubulointerstitial nephritis, n (%) 19 (0.9)
Unknown, n (%) 236 (11.1)
Previous cardiovascular disease 764 (35.8)
Myocardial infarction, n (%) 97 (4.5)
Unstable angina, n (%) 120 (5.6)
Coronary intervention®, n (%) 181 (8.5)
Hemorrhagic stroke, n (%) 69 (3.2)
Ischemic stroke, n (%) 203 (9.5)
TIA, n (%) 31(1.5)
Heart failure, n (%) 195 (9.1)
Ventricular arrhythmia, n (%) 39 (1.8)
Laboratory data
Serum albumin, g/dL, mean (SD) 3.7(0.4)
Serum phosphate, mg/dL, mean (SD) 5.3(1.3)
Serum calcium, mg/dL, mean (SD) 8.9 (0.7)
Albumin-adjusted calcium, mg/dL, mean (SD) 9.2 (0.7)
iPTH, pg/dL, mean (SD) 122.3 (79.6)
ALP, IU/L, mean (SD) 240.5 (106.2)
Tcho, mg/dL, mean (SD) 156.8 (33.8)
LDL-c, mg/dL, mean (SD) 85 (28)
HDL-c, mg/dL, mean (SD) 45 (16)
nPCR, g/kg/day, mean (SD) 0.94 (0.18)

CRP, mg/dL, median (IQR)
Concomitant treatment

0.10 (0.05-0.28)

Vitamin D receptor activator, n (%) 1435 (67.2)
Cinacalcet, n (%) 361 (16.9)
Statins, n (%) 397 (18.6)
Aspirin, n (%) 687 (32.2)

SD standard deviation, IQR interquartile range, BMI body mass
index, TIA transient ischemic attack, iPTH intact parathyroid hor-
mone, ALP alkaline phosphatase, Tcho total cholesterol, LDL-c low-
density lipoprotein cholesterol, HDL-c high-density lipoprotein cho-
lesterol, nPCR normalized protein catabolic rate, CRP C-reactive
protein

*Percutaneous transluminal coronary angioplasty or coronary artery
bypass grafting
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Table2 Outcomes

Event n (%) (n=2135)
Primary composite outcome® 281 (13.2)
Cardiovascular death? 81 (3.8)
Non-fatal myocardial infarction 18 (0.8)
Non-fatal stroke 68 (3.2)
Unstable angina pectoris 54 (2.5)
Heart failure requiring hospitalization 57 (2.7)

Ventricular arrhythmia requiring hospitalization 3 (0.1)
All-cause death 307 (14.4)
Cardiovascular death® 97 (4.5)
Other cause death 210 (9.8)

“The first event of the cardiovascular events

bCardiovascular death as the primary outcome and does not include
cases in which other cardiovascular events occurred before the cardio-
vascular death

¢Cardiovascular death as one of the causes of death

albumin-adjusted Ca levels of 4.7 and 8.6 mg/dL, respec-
tively (Fig. 2b).

Stratifications of phosphate and calcium

The HRs stratified by serum P and Ca are shown in Tables 3
and 4. For cardiovascular events, the HRs in P <3.5 mg/dL
and P >5.5 mg/dL were similar to that in P=3.5-5.5 mg/
dL [adjusted HR 1.41 (95% CI 0.91-2.19; P=0.124) in
P <3.5 mg/dL; and 1.10 (95% CI 0.84-1.43; P=0.479)
in P>5.5 mg/dL]. The albumin-adjusted Ca>9.1 mg/dL
was associated with a higher risk of cardiovascular events
compared with <9.1 mg/dL [adjusted HR 1.30 (95% CI
1.00-1.68; P=0.046)]. For all-cause mortality, the HR
in P <3.6 mg/dL was higher than that in P=3.6-5.3 mg/
dL [adjusted HR 1.76 (95% CI 1.25-2.48; P=0.001)],
while there was no difference between P >5.3 mg/dL and
P=3.6-5.3 mg/dL [adjusted HR 1.23 (95% CI 0.95-1.60;
P=0.121)]. The HR for all-cause mortality in albumin-
adjusted Ca>9.1 mg/dL was similar to that in<9.1 mg/dL
[adjusted HR 1.14 (95% CI 0.89-1.45; P=0.309)].

In the combined P and Ca analysis (Table 5), the risk
for cardiovascular events was higher in the group with
P <3.5 mg/dL and albumin-adjusted Ca>9.1 mg/dL than
in the group with P=3.5-5.5 mg/dL and albumin-adjusted
Ca<9.1 mg/dL [adjusted HR 1.86 (95% CI 1.03-3.36;
P=0.038)]. For all-cause mortality, the HRs were higher
in the groups with P <3.6 mg/dL and albumin-adjusted
Ca<9.1 mg/dL, as well as in groups with P <3.6 mg/dL
and albumin-adjusted Ca>9.1 mg/dL than in the group
with P=3.6-5.3 mg/dL and albumin-adjusted Ca <9.1 mg/
dL [adjusted HR 2.01 (95% CI 1.17-3.45; P=0.012); and
1.82 (95% CI 1.12-2.97; P=0.016), respectively] (Table 6).
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Changes from baseline and hazard ratio

Online Resource 5, 6 show HR curves for changes in P
and albumin-adjusted Ca concentrations from baseline. In
patients with baseline albumin-adjusted Ca >9.1 mg/dL, the
upper 95% CI was partially below the HR 1.00 threshold
(i-e., 0.3-1.2 mg/dL reduction in albumin-adjusted Ca con-
centration was associated with a reduced risk of cardiovas-
cular events) (Online Resource 5e).

Comparison with current guidelines

Online Resource 7 shows the risk of cardiovascular events
and all-cause mortality in the group with an average P and
albumin-adjusted Ca concentration until the event occurred
within the current guideline range (P =3.5-6. mg/dL; albu-
min-adjusted Ca=8.4-10.0 mg/dL) and in the group with
new target range from this study (P=3.5-5.5 mg/dL for car-
diovascular events, 3.6-5.3 mg/dL for all-cause mortality,
and albumin-adjusted Ca<9.1 mg/dL).

Discussion

Serum P and albumin-adjusted Ca concentrations are strong
predictors of cardiovascular events and survival among
patients undergoing dialysis. Target values for serum P and
albumin-adjusted Ca are based on the results from obser-
vational studies conducted between the late 1980s and late
2000s [4, 7, 18-21]. However, at that time, neither calci-
mimetics nor Ca-free P binders, both of which allow for
stringent control of CKD-MBD biomarkers, were clinically
available. A recent large-scale observational study across
European countries suggests that stringent management of
CKD-MBD biomarkers is likely to be associated with better
survival in patients undergoing dialysis [10]. An RCT com-
paring standard and stringent control of serum P concentra-
tions (5.0-6.0 vs. 3.5-4.5 mg/dL) showed that stringent P
control significantly delayed coronary artery calcification
progression in patients undergoing dialysis [13]. Based on
the results from these studies, it is important to consider
setting stringent targets for serum P and albumin-adjusted
Ca concentrations.

The present study, which is a post-hoc analysis of the
LANDMARK study, examined the association between
serum P, or albumin-adjusted Ca concentrations and cardio-
vascular events, or all-cause death. For serum P concentra-
tions, the HR curve suggested that a range of 3.5-5.5 mg/dL
would reduce the risk of cardiovascular events, but stratified
analysis showed no significant HR differences. For all-cause
mortality, the HR curve proposed a range of 3.6-5.3 mg/
dL, and stratified analysis showed that P < 3.6 mg/dL was
significantly associated with the risk of death. However, the
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Fig. 1 Hazard ratio curve for phosphorus and calcium concentra-
tion, respectively. Hazard ratios (HRs) using a time-dependent Cox
proportional hazard model incorporating phosphorus and calcium
concentration respectively. a and b show HRs for cardiovascular
events, ¢ and d show HRs for all-cause mortality. The serum value
with the lowest HR is shown in blue and designated as the reference
(HR =1.0). The serum values at which the lower 95% CI of the HR
crosses the HR=1.0 threshold are shown in light blue. Model 1:

possibility that this is a result of the effects of undernutrition
cannot be ruled out. For albumin-adjusted calcium, both the
HR curve and the stratified analysis suggest that<9.1 mg/dL
is associated with a reduced risk of cardiovascular events.
The HR for change in concentration from baseline suggests
that for patients with albumin-adjusted Ca> 9.1 mg/dL, low-
ering albumin-adjusted Ca may be associated with a lower

unadjusted; Model 2: adjusted for age, sex, years undergoing hemo-
dialysis, diabetes, and albumin concentration; and Model 3: adjusted
for the Model 2 variables plus current smoking, either phosphate or
albumin-adjusted calcium concentration, hemoglobin concentration,
platelet count, intact parathyroid hormone concentration, potassium
concentration, Kt/V, and prescription of active vitamin D, cinacalcet
hydrochloride, statins, and renin-angiotensin system inhibitors. HR
hazard ratio, P phosphate, ACa albumin-adjusted calcium

risk of cardiovascular events. This suggests that it is impor-
tant to lower the albumin-adjusted calcium to a more strin-
gent target range than the current guidelines. Recent studies
have suggested that hypercalcemia has a poor prognosis, and
the results of this study support this notion [22].
Cinacalcet facilitates strict control of PTH levels with-
out increasing Ca load, leading to improved control of
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(a) Cardiovascular events Table3 Results of the time-dependent Cox proportional hazard
model for cardiovascular events
Variables Number of obser- Hazard ratio® (95% P value
vation points confidence interval)
2
Phosphate (mg/dL)
2 <35 617 1.41 (0.91-2.19) 0.124
B 3555 5021 1.00 (reference) -
4 >55 4142 1.10 (0.84-1.43) 0.479
Albumin-adjusted calcium (mg/dL)
b <9.1 4581 100 (reference) -
>9.1 5399 1.30 (1.00-1.68) 0.046
756, g
p / dL) = %> ACa (mg/dL) #Adjusted for age, sex, years undergoing hemodialysis, diabetes, albu-
(mg/dL) min concentration, current smoking, either phosphate or albumin-
adjusted calcium concentration, hemoglobin concentration, platelet
count, intact parathyroid hormone concentration, potassium concen-
(b) All-cause mortality tration, Kt/V, and prescription of active vitamin D, cinacalcet hydro-
chloride, statins, and renin-angiotensin system inhibitors
Table4 Results of the time-dependent Cox proportional hazard
27 model for all-cause mortality
: Variables Number of obser- Hazard ratio® (95% P value
*°8 HR vation points confidence interval)
1 Phosphate (mg/dL)
, <3.6 751 1.76 (1.25-2.48) 0.001
' 3.6-5.3 4557 1.00 (reference) -
; >53 4958 1.23 (0.95-1.60) 0.121
X ACa (mg/dL) Albumin-adjusted calcium (mg/dL)
<9.1 4685 1.00 (reference) -
>9.1 5581 1.14 (0.89-1.45) 0.309

Fig.2 Three-dimensional curve of the hazard ratio for the combi-
nation of phosphorus and albumin-adjusted calcium concentration.
The three-dimensional curve of the hazard ratio (HR) using a time-
dependent Cox proportional hazard model for the combination of
phosphorus and albumin-adjusted calcium concentration. a shows
HRs for cardiovascular events, b shows HRs for all-cause mortality.
The serum value with the lowest HR is shown in blue and designated
as the reference (HR=1.0). Model 1: unadjusted; Model 2: adjusted
for age, sex, years undergoing hemodialysis, diabetes, and albumin
concentration; and Model 3: adjusted for the Model 2 variables plus
current smoking, either phosphate or albumin-adjusted calcium con-
centration, hemoglobin concentration, platelet count, intact parathy-
roid hormone concentration, potassium concentration, Kt/V, and pre-
scription of active vitamin D, cinacalcet hydrochloride, statins, and
renin-angiotensin system inhibitors. HR hazard ratio, P phosphate,
ACa albumin-adjusted calcium

serum P and Ca concentrations because of reduced P and
Ca efflux from bone due to decreased PTH concentrations
[23]. In addition, novel non-Ca-based P binders with strong
P-lowering action, including lanthanum carbonate and
sucroferric oxyhydroxide, are likely to decrease serum P
concentrations even in patients with refractory hyperphos-
phatemia [24]. However, stringent management of serum P
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#Adjusted for age, sex, years undergoing hemodialysis, diabetes, albu-
min concentration, current smoking, either phosphate or albumin-
adjusted calcium concentration, hemoglobin concentration, platelet
count, intact parathyroid hormone concentration, potassium concen-
tration, Kt/V, and prescription of active vitamin D, cinacalcet hydro-
chloride, statins, and renin-angiotensin system inhibitors

and albumin-adjusted Ca concentration for CKD-MBD in
patients undergoing dialysis remains challenging. Patients
with end-stage kidney disease are generally prescribed
many drugs due to the risk of complications of the disease,
including antihypertensive drugs, statins, antiplatelet agents,
and P binders. Polypharmacy is another challenging issue
to address not only from the perspective of the patients
undergoing dialysis but also in terms of minimizing health-
care costs [24]. Daily doses of P binders generally include
multiple tablets, and these account for approximately half
the number of prescribed tablets taken by patients under-
going dialysis [25]. Thus, there is concern that stringent
CKD-MBD management may exacerbate polypharmacy,
even with the use of expensive novel P binders with high
efficacy. Recently, novel drugs that inhibit active intestinal
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Table 5 Results of the time-dependent Cox proportional hazard model for cardiovascular events with the combination of phosphate and calcium
concentration

Albumin-adjusted
calcium (mg/dL)

Phosphate (mg/dL)

<35 3.5-5.5 >5.5

N? HR" (95% CI) Pvalue  N? HR" (95% CI) Pvalue  N? HR" (95% CI) P value
<9.1 234 1.48 (0.71-3.07)  0.292 2283  1.00 (reference) - 2064 1.16 (0.78-1.73)  0.473
>9.1 383 1.86 (1.03-3.36)  0.038 2938 1.32(0.91-1.91)  0.138 2078 1.42 (0.96-2.10)  0.081

# Number of observation points

® Hazard ratio adjusted for age, sex, years undergoing hemodialysis, diabetes, albumin concentration, current smoking, either phosphate or albu-
min-adjusted calcium concentration, hemoglobin concentration, platelet count, intact parathyroid hormone concentration, potassium concentra-
tion, Kt/V, and prescription of active vitamin D, cinacalcet hydrochloride, statins, and renin-angiotensin system inhibitors

Table 6 Results of the time-dependent Cox proportional hazard model for all-cause mortality with the combination of phosphate and calcium

Albumin-adjusted ~ Phosphate (mg/dL)

calcium (mg/dL)

<3.6 3.6-5.3 >53

N? HR' (95% CI) P value N? HRP® (95% CI) P value N? HR® (95% CI) P value
<9.1 287 2.01 (1.17-3.45) 0.012 1972 1.00 (reference) - 2426 1.17 (0.78-1.75)  0.455
>9.1 464 1.82 (1.12-2.97)  0.016 2585 1.09 (0.75-1.59) 0.661 2532 1.39 (0.95-2.04)  0.093

# Number of observation points

® Hazard ratio adjusted for age, sex, years undergoing hemodialysis, diabetes, albumin concentration, current smoking, either phosphate or albu-
min-adjusted calcium concentration, hemoglobin concentration, platelet count, intact parathyroid hormone concentration, potassium concentra-

tion, Kt/V, and prescription of active vitamin D, cinacalcet hydrochloride, statins, and renin-angiotensin system inhibitors

P transport have been developed. Tenapanor is likely to
improve serum P control with lesser pill burden compared
to conventional P binder therapy [26]. The present study
suggests that restricting albumin-adjusted Ca concentration
is associated with better clinical outcomes among Japanese
patients undergoing dialysis with at least one risk factor for
vascular calcification. However, this is a post-hoc analysis of
an RCT and, therefore, we could not confirm that stringent
management can improve clinical outcomes. It is important
that recommendations for stringent P control are based on
robust data derived from an RCT.

Strengths and limitations

The strength of this study is that the LANDMARK study
had a long follow-up period and included the collection and
adjudication of important clinical events in modern clinical
practice [15, 27]. Additionally, an independent event evalu-
ation committee evaluated individual events with credibility
to the definition of events. Furthermore, measurements for P
and Ca were taken at multiple times during the study period,
allowing for analysis in a time-dependent Cox proportional
hazard model. This model can include in its analysis not
only baseline data but also all data gathered during the study
period.

However, this study had some limitations. This study may
have lacked power due to the lower incidence of cardiovas-
cular events in the LANDMARK study compared to that in
previous studies. Moreover, this was a single-country study
and included patients with an iPTH concentration less than
240 pg/mL; thus, it is unclear whether the trial findings can
be generalized to different populations.

Conclusions

In a post-hoc analysis of the LANDMARK study, managing
albumin-adjusted Ca concentrations < 9.1 mg/dL. may reduce
cardiovascular risk among patients undergoing hemodialy-
sis. Hypophosphatemia < 3.6 mg/dL may be associated with
mortality.
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