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Abstract

Background. This prospective, randomized, controlled
trial compared the progression of vascular and cardiac
valve calcification in 360 prevalent adult hemodialysis pa-
tients with secondary hyperparathyroidism treated with ei-
ther cinacalcet plus low-dose vitamin D sterols or flexible
doses of vitamin D sterols alone.

Methods. Eligible subjects were on hemodialysis for =23
months with parathyroid hormone (PTH) >300 pg/mL or
PTH 150-300 pg/mL with calcium—phosphorus product
>50 mg*/dL* while receiving vitamin D. All subjects re-
ceived calcium-based phosphate binders. Coronary artery
calcification (CAC) and aorta and cardiac valve calcium
scores were determined both by Agatston and volume
scoring using multi-detector computed tomography. Subjects
with Agatston CAC scores =30 were randomized to cinacal-
cet (30-180 mg/day) plus low-dose calcitriol or vitamin D
analog (=2 pg paricalcitol equivalent/dialysis), or flexible
vitamin D therapy. The primary end point was percentage
change in Agatston CAC score from baseline to Week 52.
Results. Median (P10, P90) Agatston CAC scores increased
24% (—22%, 119%) in the cinacalcet group and 31% (—9%,
179%) in the flexible vitamin D group (P = 0.073). Corre-
sponding changes in volume CAC scores were 22% (—12%,
105%) and 30% (—6%, 133%; P = 0.009). Increases in cal-
cification scores were consistently less in the aorta, aortic
valve and mitral valve among subjects treated with cinacal-
cet plus low-dose vitamin D sterols, and the differences be-
tween groups were significant at the aortic valve.
Conclusions. In hemodialysis patients with moderate to
severe secondary hyperparathyroidism, cinacalcet plus
low-dose vitamin D sterols may attenuate vascular and car-
diac valve calcification.

Keywords: calcification; cinacalcet; hemodialysis; secondary
hyperparathyroidism; vitamin D

Introduction

Vascular and cardiac valve calcification are common
among patients with chronic kidney disease (CKD) [1,2].
Risk factors associated with the presence and extent of car-
diovascular calcification include advanced age, diabetes,
tobacco use and, among patients requiring dialysis, longer
dialysis vintage [3—6]. Some reports suggest that altera-
tions in calcium and phosphorus metabolism and persistent
elevations in plasma parathyroid hormone (PTH) are add-
itional contributors [3—6]. As in the general population,
cardiovascular calcification is associated with cardiovascu-
lar disease and mortality among patients receiving dialysis,
and the disorder progresses rapidly once established [6-9].

A few studies have examined longitudinal changes in
vascular and cardiac valve calcification among patients
on dialysis [10]. Some indicate that interventions known
to affect mineral metabolism systemically, like reducing
oral calcium intake from phosphate binders, can decrease
rates of progression [11-13]. Clinical reports and experi-
mental evidence also suggest that reductions in plasma
PTH after parathyroidectomy diminish the progression of
vascular calcification in CKD [14-18], although changes
in calcium and phosphorus metabolism after the procedure
may contribute to these effects. Whether non-surgical
strategies for controlling secondary hyperparathyroidism
(sHPT) alter the progression of cardiovascular calcifica-
tion in humans is unknown.
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Fig. 1. Study design. MDCT = multi-detector computed tomography.

Cinacalcet and vitamin D sterols both lower plasma PTH
concentrations among patients with sHPT, but they have op-
posite effects on serum calcium and phosphorus concentra-
tions in those with little or no residual kidney function
[19-21]. The ADVANCE study (a randomized study to
evaluate the effects of cinacalcet plus low-dose vitamin D
on vascular calcification in subjects with chronic kidney
disease receiving hemodialysis) was undertaken to test the
hypothesis that better control of PTH together with lower
serum calcium and phosphorus concentrations during treat-
ment with cinacalcet reduces the progression of cardiovas-
cular calcification compared with conventional vitamin D
therapy among hemodialysis patients with sHPT. We thus
measured vascular and cardiac valve calcification using
multi-detector computed tomography (MDCT) before and
after 52 weeks of treatment with either cinacalcet plus low
doses of calcitriol or vitamin D analogs, or flexible doses of
vitamin D sterols alone.

Materials and methods

Patient selection

Details about the ADVANCE study design, characteristics of study partici-
pants at baseline, and procedures for measuring vascular and cardiac valve
calcification have been published previously [22]. Subjects were 18 years
or older, had undergone hemodialysis for 23 months, and had biochemical
evidence of sHPT with PTH concentrations >300 pg/mL or levels 150—
300 pg/mL with Ca x P values >50 mg?*/dL?* during treatment with
vitamin D sterols. Albumin-corrected serum calcium concentrations were
28.4 mg/dL, and coronary artery calcification (CAC) scores at screening
were 230 in all subjects as measured by MDCT. Subjects were randomized
to the two treatment arms according to baseline Agatston CAC scores that
in the general population define meaningful thresholds: scores = 30-399
(they provide sufficient reproducibility and identify patients at low to inter-
mediate risk), score >400 (representing moderate to high cardiovascular
risk) and score >1000 (previous published work demonstrated that this
threshold identifies patients at extremely high risk). Additional inclusion
and exclusion criteria are summarized elsewhere [22]. Overall, 360 subjects
from 90 sites in North America, Europe and Australia participated in the

study. The protocol and all study procedures were reviewed and approved
by the appropriate ethics committee or independent review board at each
site. All participants gave written informed consent. The trial was con-
ducted according to principles of the Declaration of Helsinki and registered
at ClinicalTrials.gov (NCT00379899).

Study protocol

Subjects assigned to treatment with cinacalcet using doses of 30—
180 mg/day also received low doses of vitamin D sterols equivalent to
<2 pg paricalcitol with each dialysis (Figure 1) [22]. The control group
received flexible doses of vitamin D sterols either orally or intravenously.
The therapeutic objective in both groups was to maintain PTH concen-
trations <300 pg/mL. Calcium-based phosphate-binding agents were
used exclusively.

Imaging evaluation

Randomized patients underwent imaging of the chest at baseline and at 28
and 52 weeks using an MDCT scanner with a minimum of 16 slices. Only
subjects with baseline Agatston total CAC scores 230 were studied to
enhance detection of interval changes during follow-up. Previous reports
indicate that patients on dialysis without detectable CAC are unlikely to
develop new lesions within this interval [23]. Moreover, reproducibility of
CAC measurements is greater with higher scores [24], and baseline values
above zero are needed to calculate percent change in CAC during follow-
up. For each subject, all imaging procedures were done on the same
equipment using the same parameters at each session to permit valid
image comparisons. Image acquisition was done with either prospective
or retrospective electrocardiogram gating with most performed with pro-
spective gating.

Scans started in the upper thorax above the origin of the left main cor-
onary artery, advancing caudally to the level of the diaphragm to include
the coronary arteries, the aortic and mitral valve, and portions of the as-
cending and descending thoracic aorta. All foci within these structures
with an attenuation >130 Hounsfield units and a minimum area of
1 mm? were considered to be calcified lesions. Images were reconstructed
with a 2.5-3.0-mm thickness. Total calcium scores represent the aggre-
gate score for all calcified lesions within the area of interest. Calcium
scores were calculated both by the Agatston method [25] and by the vol-
ume method [24] as described previously. The variability of the Agatston
score is slightly greater than that of the volume score [24]. The Agatston
score, however, incorporates the concept of plaque density therefore re-
flecting the amount of calcium deposited within a calcified lesion. The
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Fig. 2. Subject disposition.

Agatston score was therefore chosen a priori as the primary end point for
the current study.

One experienced investigator (PR) reviewed all scans for consistency of
interpretation. To assess intra-reader variability, scans from all time points
were re-evaluated by the same investigator, blinded to the original result, in
a stratified random sample of 10% of enrolled subjects (n = 36 subjects and
92 scans). The intra-class correlation coefficient, (between-subject vari-
ance)/(between-subject variance + within-subject variance), was 0.958 cal-
culated using a mixed effects model analyzing CAC scores adjusting for

visit as a fixed effect and subject as a random effect. The inter-reader cor-
relation coefficient was 0.99 as determined by independent assessments of
35 scans.

Statistical analysis

The primary end point was the percent change in Agatston CAC score from
baseline to Week 52. It was estimated that 330 subjects were required to
achieve 85% power to detect an absolute difference of 15% between treat-
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Table 1. Baseline demographic, disease and medication characteristics

P. Raggi et al.

Cinacalcet group

Control group

All subjects

n =180 n =180 n =360
Sex, n (%)

Women 68 (38) 85 (47) 153 (43)
Men 112 (62) 95 (53) 207 (58)
Age, years 61.2 (12.6) 61.8 (12.8) 61.5 (12.7)

Race, n (%)
White 116 (64) 120 (67) 236 (66)
Black 45 (25) 40 (22) 85 (24)
Hispanic or Latino 11 (6) 14 (8) 25 (7)
Other 8 (4) 6 (3) 14 (4)
Body mass index and blood pressure
Body mass index, kg/m? 26.8 (5.2) 27.7 (6.5) 27.2 (5.9)
Systolic blood pressure, mmHg 141.9 (22.8) 140.3 (23.8) 141.1 (23.3)
Diastolic blood pressure, mmHg 76.5 (12.0) 74.9 (13.0) 75.7 (12.5)

Dialysis characteristics

Median time on hemodialysis (P10, P90), months

Time on dialysis, n (%)
<12 months
12-36 months
>36 months
Medication use history, 7 (%)

History of calcium-based phosphate binder use

History of sevelamer use
History of lanthanum use

History of other non-calcium-based phosphate binder use

History of calcimimetic use

Baseline vitamin D use
Medical history, n (%)

Diabetes mellitus

Hypertension

Peripheral vascular disease

Cerebrovascular accident

Myocardial infarction

Coronary artery disease

Congestive heart failure
Laboratory parameters

PTH, pg/mL, median (P10, P90)

Corrected serum calcium, mg/dL

Serum phosphorus, mg/dL

Corrected Ca x P, mg%/dL?

Albumin, g/dL

Total cholesterol, mmol/L

LDL cholesterol, mmol/L

HDL cholesterol, mmol/L

Triglycerides, mmol/L

CRP, mg/L, median (P10, P90)

37.5 (9.3, 105.0)

36.7 (10.0, 107.5)

36.7 (9.5, 107.0)

26 (14) 26 (14) 52 (14)
62 (34) 62 (34) 124 (34)
92 (51) 92 (51) 184 (51)

150 (83) 151 (84) 301 (84)
47 (26) 47 (26) 94 (26)
8 (4) 12 (7) 20 (6)

20 (11) 14 (8) 34 (9)
17 (9) 16 (9) 33(9)
135 (75) 143 (79) 278 (77)
75 (42) 81 (45) 156 (43)
168 (93) 170 (94) 338 (94)
44 (24) 48 (27) 92 (26)
23 (13) 19 (11) 42 (12)
17 (9) 16 (9) 33 (9)
51 (28) 48 (27) 99 (28)
24 (13) 49 (27) 73 (20)
432 (243, 1056) 424 (257, 1176) 426 (246, 1106)
9.4 (0.6) 9.4 (0.6) 9.4 (0.6)
6.0 (1.8) 5.6 (1.8) 5.8 (1.8)
55.8 (16.8) 52.5(17.2) 542 (17.1)
3.8 (0.4) 3.9 (0.5) 3.9 (0.5)
43(1.2) 42 (1.1) 42 (1.2)
2.2 (0.9) 2.3 (0.9) 2.3 (0.9)
1.2 (1.2) 1.1 (0.4) 1.2 (0.9)
2.0 (1.5) 1.8 (1.2) 1.9 (1.4)
7.5 (1.0, 36.8) 7.4 (1.3, 40.4) 7.4 (1.1, 38.8)

Data are based on the safety analysis set. Values are means (SD) unless otherwise indicated.

Ca x P, calcium—phosphorus product; CRP, C-reactive protein; HDL, high-density lipoprotein; P10, 10th percentile; P90, 90th percentile; LDL, low-
density lipoprotein; PTH, parathyroid hormone; cinacalcet group, cinacalcet plus low-dose vitamin D sterols group; control group, flexible doses of

vitamin D sterols group.

ment groups based on a two-sided oo = 0.05 and SD of 35% [22]. The pri-
mary efficacy analysis utilized data from all subjects who completed treat-
ment per protocol and who had baseline and Week 52 CAC scores (efficacy
analysis set) (Figure 2). Secondary end points included the percent and ab-
solute change from baseline in calcification scores for the coronary artery,
thoracic aorta, aortic valve and mitral valve at 52 weeks and the proportion
of subjects with >15% progression of CAC from baseline to Week 52.

The Agatston scoring method was used for the primary analysis as spe-
cified by protocol, and additional analyses were performed using volume
scores. To include subjects without evidence of calcification in the thoracic
aorta (score = 0) when describing relative changes after 52 weeks, all zero
scores were transformed to the actual score + 1. Because more subjects had
no evidence of calcification in the aortic or mitral valve at baseline, the
percent change in cardiac valve calcification was calculated only for those
with detectable valve calcification at baseline.

Multivariable linear regression was used to assess the magnitude of
change and the strength of association between the change in CAC score

from baseline to Week 52 and treatment group, adjusted for baseline co-
variates and baseline CAC strata. All pre-specified clinically important
baseline covariates were considered for inclusion in both models, and a
backwards elimination method was used to generate the models. Two-
tailed P-values <0.05 were considered statistically significant.

Secondary biochemical end points included absolute and percent
changes in mean PTH, calcium, phosphorus and Ca x P values from base-
line to end of study as assessed at Week 44-52 in the efficacy analysis set.
All biochemical determinations were done in laboratories affiliated with
study sites. Immunometric PTH assays differed among facilities, but each
site used the same assay throughout the study. Mean daily doses of cinacal-
cet and Ca-based phosphate binders and mean weekly doses of vitamin D
sterols were determined for subjects in the efficacy analysis set. Results
include doses of zero for each interval. Doses of vitamin D considered
to be equivalent were 2 pg paricalcitol = 1 pg doxercalciferol = 1 pg
alfacalcidol = 0.5 pg calcitriol, all given intravenously thrice weekly, and
0.5 pg alfacalcidol or 0.25 pg calcitriol given orally everyday.
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Table 2. Baseline calcium scores at four anatomical sites using the Agatston and volume methods

Agatston calcification score

. 3
Calcium volume score, mm

Cinacalcet group

Anatomic location® (n = 115)

Control group
(n = 120)

Cinacalcet group
(n = 115)

Control group
(n = 120)

Total coronary artery
Thoracic aorta

Aortic valve 2 (0, 907)
Mitral valve 0 (0, 1125)
Aortic valve, calcium detectable at baseline® n 57 137 (42, 1517)
Mitral valve, calcium detectable at baseline® n 53 229 (24, 2930)

695 (98, 1959)
2114 (8, 14 836)

590 (71, 2583)
1552 (9, 8097)
0 (0, 281)
6 (0, 978)
51 88 (6, 522)
65 147 (9, 2689)

464 (94, 1565)
1706 (9, 11 691)

466 (77, 1968)
1329 (16, 6014)
4 (0, 710) 0 (0, 218)
0 (0, 973) 12 (0, 887)
57 132 (36, 1280) 51 87 (11, 451)
53 211 (39, 2420) 65 118 (16, 2112)

Cinacalcet group, cinacalcet plus low-dose vitamin D sterols group; control group, flexible doses of vitamin D sterols group.
“Data are based on the efficacy analysis set, and all values are median (P10, P90).
Data are based on subjects with detectable valvular calcification at baseline, and all values are median (P10, P90).

Differences between treatment groups were compared using a genera-
lized Cochran—Mantel-Haenszel (CMH) test on ranks, stratified by CAC
score at baseline. The stratum-adjusted median differences and correspon-
ding 95% confidence intervals were determined by inverting the CMH test
and conducting a numerical search. Analyses were conducted using SAS
(version 9.13, SAS Institute, Cary, NC, USA).

Summaries of safety included all randomized subjects. Incidence rates
for all adverse events were tabulated by system organ class and treatment
group, and assessed by type, frequency and severity, and reported rela-
tionship to treatment.

Results

Study population

As reported previously [22], 737 patients consented to
participate in the study and underwent biochemical and
radiographic screening procedures (Figure 1); 360 were ran-
domized to one of two treatment groups (Figure 2). Of these,
baseline Agatston CAC scores were 30—-399 in 134 subjects
(37%), 400-999 in 94 subjects (26%) and 21000 in 132
subjects (37%). The mean (SD) age of randomized subjects
was 61.5 (12.7) years; 58% were men, and 24% were black
[22]. Median (P10, P90) dialysis vintage was 36.7 (9.5,

107.0) months. Baseline characteristics were balanced bet-
ween groups except for mean serum phosphorus concentra-
tions and history of congestive heart failure, which appeared
to be nominally higher and lower, respectively, in the cina-
calcet plus low-dose vitamin D group than in the flexible
dose vitamin D group (Table 1).

A total of 280 subjects (n = 140 in each group) com-
pleted the study. The most common reasons for early with-
drawal included death (6% for all randomized subjects),
adverse event (3%), consent withdrawn (3%) and kidney
transplantation (3%). A total of 235 subjects were available
for efficacy analysis (Figure 2), 115 in the cinacalcet plus
low-dose vitamin D group and 120 in the flexible vitamin
D group. Demographic and biochemical features did not
differ among randomized subjects, those who completed
the study, and those in the efficacy analysis set (data not
shown).

Cardiovascular calcification

Median values for CAC at baseline were similar in each
treatment group whether expressed as Agatston or volume
scores (Table 2). All randomized subjects had evidence of

Table 3. Percent change in Agatston and volume calcium scores from baseline to Week 52

Cinacalcet group

Control group Treatment difference P-value

Anatomic location (n =115) (n =120) (95% CI)* (CMH statistic)
Total coronary artery n 115 119
Agatston 24 (=22, 119) 31 (=9, 179) —10.3 (—=22.6, 0.8) 0.073
Volume 22 (—12, 105) 30 (=6, 133) —13.3 (-23.8,-3.3) 0.009
Thoracic aorta n 89 102
Agatston 19 (11, 103) 33 (-8, 187) —10.4 (-23.7, 0.0) 0.055
Volume 16 (=3, 103) 29 (-3, 158) =7.5 (-19.6, 1.3) 0.095
Aortic valve n 56 51
Agatston 6 (=100, 105) 52 (—86, 200) —44.7 (-85.8, —6.1) 0.014
Volume 9 (=100, 88) 35 (-84, 184) -31.6 (-56.8, —0.8) 0.035
Mitral valve n 52 64
Agatston 12 (=39, 443) 54 (=55, 823) —34.8 (-71.6, 0.6) 0.053
Volume 14 (—34, 250) 42 (—31, 439) —21.1 (-54.6, 6.3) 0.125

Data are based on the efficacy analysis set, and all values are median (P10, P90). Percent change summaries for aortic and mitral valves include only

patients with detectable baseline calcification.

Generalized CMH, Cochran-Mantel-Haenszel; cinacalcet group, cinacalcet plus low-dose vitamin D sterols group; control group, flexible doses of

vitamin D sterols group.

Stratum-adjusted median difference from control group and corresponding confidence interval are determined by inverting the van Elteren test and

performing a numerical search.
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Fig. 3. Proportion of subjects with an increase in Agatston total coronary artery calcium (CAC) score >15% from baseline to Week 52 in each treatment

group and in each randomization stratum.

CAC based upon eligibility criteria, but not all of them had
detectable calcification at other sites. Accordingly, 91%
had calcification of the thoracic aorta, 50% had mitral
valve calcification, and 46% had aortic valve calcification
at baseline. Median baseline calcification scores at all sites
were similar in each group by both scoring methods
(Table 2).

For the primary end point, the median (P10, P90) per-
cent change in Agatston total CAC score from baseline to
Week 52 was 24% (—22%, 119%) in the cinacalcet plus
low-dose vitamin D group and 31% (—9%, 179%) in the

Table 4. Multivariate analysis

flexible vitamin D group (stratified median treatment dif-
ference = —10.3%, 95% CI = —22.6-0.8%, generalized
CMH P-value = 0.073) (Table 3). The corresponding me-
dian (P10, P90) absolute change in Agatston total CAC
score from baseline to Week 52 in each group was 93.90
(—179.40 and 677.30) and 148.90 (—46.25 and 937.65)
(stratified median treatment difference = —34.4, 95% CI =
—92.6-13.0, generalized CMH P-value = 0.152).

The proportion of subjects demonstrating a >15% pro-
gression in Agatston total CAC score over 52 weeks was
55% (63/115) in the cinacalcet plus low-dose vitamin D

Percent change®
(Primary end point)

Absolute change
(Secondary end point)

Estimate®® Estimate®®

Variable (Standard error) % changeb’C P-value® (Standard error) P-value®
Intercept —1.73 (0.64) 0.008 —741.4 (464.9) 0.112
Treatment* —0.22 (0.08) -143 0.006 —144.8 (57.48) 0.012
Screening total CAC score stratification

30-399 vs >1000 0.53 (0.09) 439 <0.001 —190.53 (65.42) 0.004

400-1000 vs >1000 0.11 (0.10) 8.2 0.265 —147.01 (74.23) 0.049
Baseline serum biochemistries

Ca (mg/dL) 0.18 (0.07) 13.7 0.006 104.92 (48.04) 0.030

P (mg/dL) 0.10 (0.02) 7.2 <0.001 41.95 (15.89) 0.009

PTH (100 pg/mL) —0.03 (0.01) -1.8 0.011 NS
Baseline medical history

Time on hemodialysis (year) —0.03 (0.01) -2.0 0.003 —15.08 (7.20) 0.037

“Due to the distribution of the residuals being non-normal, the response variable was the within-subject difference of the log,-transformed total CAC

score. A positive value of the estimate indicates that a unit increase or change in category in the covariate results in an increase in the progression of

calcification when all other covariates in the model are held constant. The percent increase or decrease in the progression of calcification when all other
covariates in the model are held constant was determined by using the following formula: 100 x [1-2** (estimate)].
Based on GLM adjusting for treatment, baseline CAC score stratification factor, baseline PTH (only for the primary end point), baseline corrected
serum calcium, baseline serum phosphorus and time on hemodialysis.

°A positive value of the estimate indicates that a unit increase or change in category in the covariate results in an increase in the progression of

calcification when all other covariates in the model are held constant.
dCinacalcet plus low-dose vitamin D group vs flexible dose vitamin D group.
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Fig. 4. The median difference (95% CI) between treatment groups in percent change in coronary artery calcium (CAC) scores from baseline to Week 52
at four anatomical sites as measured by the Agatston (solid squares) and volume (shaded squares) methods. Cinacalcet group indicates subjects given
cinacalcet plus low-dose vitamin D sterols; control group indicates subjects given flexible doses of vitamin D sterols.

group and 65% (77/119) in the flexible vitamin D group
(CMH P-value = 0.094) (Figure 3). Among subjects with
baseline scores >1000, 15/41 or 37%, of subjects in the
cinacalcet plus low-dose vitamin D group compared with
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23/40, or 58%, in the flexible vitamin D group had in-

creases in total CAC >15% after 52 weeks (Figure 3).
A multivariable analysis of the primary end point indi-
cated a stronger treatment effect of cinacalcet than in the
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Fig. 5. The median percent change (IQR) from baseline values in Agatston calcification scores over 52 weeks in each treatment group: (A) total
coronary artery, (B) thoracic aorta, (C) aortic valve and (D) mitral valve. Cinacalcet (solid symbols) denotes subjects given cinacalcet plus low-
dose vitamin D sterols; control group (shaded symbols) denotes subjects given flexible doses of vitamin D sterols.
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Table 5. Baseline biochemistries of efficacy analysis set

P. Raggi et al.

Cinacalcet group
n =115

Control group
n =120

All subjects
n =235

Median PTH (P10, P90) pg/mL
pmol/L
Corrected serum calcium mg/dL
mmol/L
Serum phosphorus mg/dL
mmol/L
Corrected mg?/dL?
Cax P mmol*/L?

417 (239, 1045)
44 (25, 111)
9.4 (0.7)
2.4(0.2)

6.1 (1.9)
2.0 (0.6)
56.8 (17.4)
4.6 (1.4)

412 (265, 1091)

44 (28, 116)
9.3 (0.5)
2.3 (0.1)
5.4 (1.7)
1.8 (0.6)

50.4 (16.0)
4.1 (1.3)

413 (247, 1046)
44 (26, 111)
9.3 (0.6)

2.3 (0.2)
5.8 (1.8)
1.9 (0.6)

53.5 (17.0)

43 (1.4)

Data are based on the efficacy analysis set, and values are mean (SD) unless otherwise indicated.
Ca x P, calcium—phosphorus product; P10, P90, 10th and 90th percentile; PTH, parathyroid hormone; cinacalcet group, cinacalcet plus low-dose

vitamin D sterols group; control group, flexible doses of vitamin D sterols group.

non-parametric primary analysis using baseline serum cal-
cium, serum phosphorus, plasma PTH levels, years on dia-
lysis, and baseline CAC score stratification factor as
covariates. The estimated rate of progression was 14.3%
lower in the cinacalcet plus low-dose vitamin D group
(95% CI: —23.1%, —4.5%) (P-value = 0.006; Table 4). A
multivariable model for absolute change in CAC score from
baseline to Week 52 estimated a difference between groups
of —144.8 units (95% CI: —257.5, =32.1) (P-value =
0.013), with smaller increases among subjects receiving ci-
nacalcet plus low-dose vitamin D. Baseline PTH was not
included in the model for absolute change because values
were not significantly associated with absolute changes in
CAC over 52 weeks (Table 4).
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As secondary end points, both the percent and absolute
change in Agatston scores for the thoracic aorta and the
percent change in Agatston score for the aortic and mitral
valve were nominally less in the cinacalcet plus low-dose
vitamin D group than in the flexible vitamin D group
(Table 3). Median treatment differences (95% CI) were
—10.4% (—23.7, 0.0%) and —39.4 (—203.3, 36.9), respect-
ively, for percent and absolute change in the thoracic aorta.
The median treatment difference was —44.7% (—85.8%,
—6.1%) for the aortic valve and —34.8% (—71.6%,
0.6%) for the mitral valve. The difference between
groups in volume scores at 52 weeks for each site eval-
uated was qualitatively similar (Table 3, Figure 4).
Moreover, the difference between groups in median va-
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Fig. 6. The mean (SE) absolute change from baseline values at each study visit for (A) parathyroid hormone (PTH), (B) serum calcium, (C) serum
phosphorus and (D) calcium—phosphorus product (Ca x P) according to treatment group. Cinacalcet (solid symbols) denotes subjects given cinacalcet
plus low-dose vitamin D sterols; control group (shaded symbols) denotes subjects given flexible doses of vitamin D sterols.
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lues at each site was greater at 52 weeks than at 28 weeks
(Figure 5).

Biochemical results

At baseline, plasma PTH, serum calcium and calcium—
phosphorus product (Ca x P) values did not differ between
groups (Table 5). Despite randomization, mean (SD)
serum phosphorus concentrations at baseline were higher
among subjects given cinacalcet plus low-dose vitamin D
sterols than in those treated with flexible doses of vita-
min D sterols, 6.1 (1.9) mg/dL versus 5.4 (1.7) mg/dL,
respectively.

Plasma PTH, serum calcium and phosphorus concentra-
tions, and Ca x P values differed substantially between
groups during treatment (Figure 6). The median (P10,
P90) decrease in plasma PTH from baseline to end of
study (mean of Week 44-52) was greater in subjects trea-
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ted with cinacalcet plus low-dose vitamin D sterols com-
pared with those given flexible doses of vitamin D sterols.
Values were —132 (=509, 182) pg/mL among subjects re-
ceiving cinacalcet and —65 (=392, 282) pg/mL among
those given flexible dose of vitamin D sterols (P = 0.018)
(Figure 6).

Medication doses

Among subjects treated with cinacalcet plus low-dose vita-
min D sterols, the median (IQR) dose of cinacalcet was 30
(24, 60) mg/day at Week 44 and 29 (18, 58) mg/day at Week
52. Corresponding mean doses were 42 and 37 mg/day,
respectively. The mean weekly dose of vitamin D sterols,
expressed as microgram equivalents of paricalcitol, de-
creased from 9.4 pg at baseline to a nadir of 5.0 pg at Week
36 (Figure 7A). Thereafter, the mean weekly dose of vita-
min D sterols increased. In contrast, the average weekly
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Fig. 7. The mean (SE) weekly dose of vitamin D sterol, expressed in microgram equivalents of paricalcitol (A), and the median (IQR) dose of elemental
calcium provided from calcium-containing phosphate binders (B) at each study visit in each treatment group. Cinacalcet (solid symbols) denotes
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dose of vitamin D sterols among subjects randomized to
flexible doses of vitamin D sterols rose progressively dur-
ing the study, reaching a maximum of 12.6 pg at Week 36
(Figure 7A). The median daily amount of elemental cal-
cium ingested from calcium-based phosphate binders
was unchanged during the study in both treatment groups,
and the median daily oral dose of calcium was similar at
each interval of follow-up (Figure 7B).

Adverse events

Adverse events occurred in 156 of 180 (87%) subjects ran-
domized to treatment with cinacalcet plus low-dose vita-
min D sterols and in 156 of 180 (87%) subjects assigned
to treatment with flexible doses of vitamin D sterols.
Serious adverse events were reported in 88 (49%) and 82
(46%) subjects, respectively, in each treatment group.
There were 24 deaths during the study, 12 in each group.
Adverse events attributed to treatment with cinacalcet oc-
curred in 53 (29%) subjects and included gastrointestinal
disorders (n = 37; 21%) and hypocalcemia (n = 12; 7%).
Adverse events ascribed to treatment with vitamin D
sterols developed in three subjects (2%) in the cinacalcet
group and in seven subjects (4%) managed with flexible
doses of vitamin D sterols with hypercalcemia occurring
in one (1%) and five (3%) subjects, respectively.

Discussion

Available strategies for managing sHPT have divergent ef-
fects on calcium and phosphorus metabolism systemically.
Treatment with vitamin D sterols may lower plasma PTH
but often raises serum calcium and/or phosphorus concen-
trations, changes that have been implicated in the develop-
ment of soft tissue and cardiovascular calcification in
patients undergoing hemodialysis. In contrast, calcimi-
metic agents such as cinacalcet reduce plasma PTH while
modestly lowering serum calcium and phosphorus concen-
trations. The current study examined the potential impact
of these disparate biochemical responses on the progres-
sion of established cardiovascular calcification during the
treatment of sHPT.

We report modestly smaller increases in calcification
scores over 52 weeks at four discrete anatomical sites
as measured by MDCT among subjects treated with cina-
calcet plus low doses of vitamin D sterols compared with
those treated with flexible doses of vitamin D analogs.
Although a statistically significant difference between
groups was not observed for the primary study end point,
i.e. the percent change in Agatston CAC score from base-
line to 52 weeks, differences between treatment groups
were seen for interval changes CAC volume scores and
for changes in Agatston and volume scores at the aortic
valve. Moreover, smaller increases in calcification scores
during follow-up were found consistently by both scoring
methods at all anatomical sites evaluated. The findings
thus suggest, but do not show conclusively, that treatment
with cinacalcet and low doses of vitamin D sterols may at-
tenuate the progression of established cardiovascular calci-
fication among patients receiving hemodialysis.

P. Raggi et al.

In the general population, Raggi et al. have demon-
strated that an increase of 15%/year in CAC scores is
closely associated with an unfavorable outcome [26].
The slower rates of progression reported in the current
study are encouraging, and it is hoped that such changes
ultimately will prove beneficial for clinical outcomes.
However, a definitive answer to this question must await
the results of the EVOLVE clinical trial [27].

All randomized subjects in the current study had evi-
dence of CAC at baseline. Progression of calcification
scores as reported here thus was not unexpected based
upon previous work showing that vascular and cardiac
valve calcification, when present, generally increases over
time and advances more rapidly among patients on dialysis
than in the general population [2]. For those with extensive
CAC at baseline as judged by Agatston scores >1000, a
smaller proportion of subjects receiving cinacalcet plus
low-dose vitamin D sterols compared with those given
flexible doses of vitamin D sterols experienced a 215%
increase in CAC, a change associated with adverse out-
comes in the general population [26,28,29].

Despite the high prevalence of sHPT among patients on
dialysis, a few of the very limited number of prospective
randomized controlled trials (RCTs) in this field of clinical
research have directly compared the efficacy of alternative
therapeutic regimens. Most have compared the effect of
selected pharmacological interventions to that of placebo
on PTH concentrations or on other biochemical markers
[10,30]. ADVANCE is unique in its use of MDCT to assess
the impact of two different clinical strategies for managing
sHPT on the progression of cardiovascular calcification.
Nevertheless, CAC scores and measures of aortic and car-
diac valve calcification represent intermediate, or surro-
gate, outcomes. Little is known about the progression of
CAC on clinical outcomes including cardiovascular events
among patients with CKD, and measures that attenuate the
progression of CAC have not yet been shown to reduce
mortality or the risk of cardiovascular events. Ample data
from the general population and among patients with
CKD indicate, however, that the presence and extent of
vascular calcification are associated with overt cardio-
vascular disease and premature death [6-9]. As such,
ADVANCE provides new information about an important
pathologic process that extends beyond simple biochem-
ical outcomes, but the sample size and short duration of
follow-up preclude any definitive assessment of clinical
outcomes.

The precise mechanisms responsible for the develop-
ment and progression of soft tissue and vascular calcifica-
tion in CKD remain uncertain. Results from clinical studies
and data from experiments in animal models suggest that
abnormalities in calcium and phosphorus metabolism, spe-
cifically high concentrations in serum, contribute to this
pathological process [31,32]. Persistent elevations in serum
calcium and phosphorus levels can be aggravated by the
large doses of vitamin D sterols used often to treat sHPT
because these compounds promote intestinal calcium and
phosphorus absorption [21,33-35]. In the current study,
plasma PTH, serum calcium and phosphorus concentra-
tions, and Ca x P values, and the interval change from
baseline for each parameter, differed substantially between
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treatment groups over 52 weeks (Figure 6), results consist-
ent with previous reports [19,20,36]. Although plasma
PTH increased towards the end of the study in both
groups, mean values were consistently lower among sub-
jects treated with cinacalcet plus low-dose vitamin D ster-
ols than among those treated with flexible doses of vitamin
D sterols.

Further insight into the role of these biochemical factors
on progression of vascular calcification among dialysis pa-
tients can be gained by considering the current results in the
context of other studies such as Treat-to-Goal [11,37] and
Calcium Acetate Renagel Evaluation-2 (CARE-2) [38]. In
Treat-to-Goal, an RCT that compared the use of sevelamer
with calcium-based phosphate binders for managing hyper-
phosphatemia in patients on hemodialysis, sevelamer atte-
nuated the progression of CAC over 12 months compared
with that observed in calcium-treated subjects, while serum
calcium and phosphorus concentrations did not differ sig-
nificantly. Such findings suggest that substantive differ-
ences in oral calcium intake can affect the progression of
vascular calcification in this population. In ADVANCE,
the median daily dose of oral calcium did not differ be-
tween treatment groups (Figure 7B), and calcium-free
phosphate binders were not used. Any disparity between
groups in the progression of calcification scores in the
current study thus is likely attributable to differences in
the serum biochemical profile and the correspondingly
lower calcium, phosphorus and PTH concentrations among
subjects receiving cinacalcet, not to differences in oral cal-
cium load.

Additionally, median PTH concentrations were substan-
tially lower in Treat-to-Goal than in either ADVANCE or
CARE-2. Relatively low PTH concentrations have been as-
sociated with a higher prevalence of soft tissue and vascu-
lar calcification among patients receiving dialysis [39]. As
such, the higher PTH concentrations among subjects in
ADVANCE may have attenuated any disparity between
treatment groups in the progression of cardiovascular cal-
cification. Other differences in patient demographics
among these studies could also account for variations in
treatment effects. Further work is needed to clarify the role
of alterations in serum biochemical parameters and
changes in other factors known to modulate extra-osseous
calcification, such as matrix Gla protein, osteocalcin, pyr-
ophosphates, and alpha 2-Heremans-Schmid glycoprotein
(fetuin A) on vascular calcification among patients with
CKD [40].

Strengths of the study include the relatively large sample
size and the inclusion of a diverse study sample by age, sex,
race/ethnicity, vintage, primary cause of ESRD, and geog-
raphy. The participation of subjects given calcium-based
phosphate binders exclusively helped mitigate potential
confounding from the use of calcium-free compounds.
Variability in the results for calcification scores was re-
duced by relying upon a single reader, blinded to subject
identification and treatment, to assess all MDCT scans. Al-
though MDCT cannot distinguish between medial and in-
timal calcification [41], measurements of total CAC by
MDCT are well validated, reproducible, and reasonably
precise [24,25,42,43]. Finally, whereas changes in calcifi-
cation scores did not differ significantly between groups at
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all sites evaluated, the consistency of the difference at each
anatomic site renders the results credible.

There are also important limitations to the study, in-
cluding its open-label design. A follow-up interval of
12 months may have been insufficient to detect differ-
ences in the progression of vascular calcification, which
occurs over many years [11-13,44]. The widening dispar-
ity in calcification scores between groups at Week 28 and
52 supports this contention. The use of calcium-based
phosphate binders exclusively among study participants
helped to reduce effects related to other therapeutic inter-
ventions, but it limits the ability to generalize the results
because calcium-free phosphate binders are prescribed
commonly, either alone or together with calcium salts.
Consequently, the independent effect of cinacalcet on
the progression of vascular and cardiac valve calcification
among patients receiving sevelamer, lanthanum carbonate
or other calcium-free phosphate-binding agents remains
to be determined.

Because the doses of vitamin D sterols differed substan-
tially between treatment groups, the slower progression of
calcification scores among subjects treated with cinacalcet
plus low-dose vitamin D sterols cannot be attributed solely
to the use of cinacalcet. The smaller doses of vitamin D
analogs could also contribute to these findings. The effect
of vitamin D sterols on vascular calcification has been sug-
gested to be dose-dependent, but it may also be modified
by vitamin D-mediated increases in serum calcium and
phosphorus concentrations or by other recognized media-
tors of vascular calcification [40,45]. Finally, although sub-
jects randomized to cinacalcet and low-dose vitamin D
sterols were to receive the equivalent of <2 ng paricalcitol
per dialysis session as specified in the study protocol, the
doses of vitamin D actually given were substantially high-
er, reducing inter-group separation. Whether the observed
differences in the progression of calcification would have
been more pronounced with stricter adherence to the study
protocol is unknown.

In summary, results from ADVANCE suggest, but do
not demonstrate conclusively, that cinacalcet may attenuate
vascular and cardiac valve calcification in patients on
hemodialysis with moderate to severe sHPT. Findings from
the ongoing Evaluation of Cinacalcet Therapy to Lower
Cardiovascular Events (EVOLVE) study [27] will help de-
termine whether cinacalcet can reduce the exceptionally
high rates of mortality and cardiovascular events among
patients on hemodialysis.
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