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Abstract
Background Secondary hyperparathyroidism may lead to increased cardiovascular risk. The use of cinacalcet may improve bone and cardiovascular health
with improved parathormone (PTH) and phosphate control.

Methods This is an open-label prospective randomised controlled trial to compare progression of cardiovascular and chronic kidney disease mineral and
bone disorder (CKD-MBD) parameters. Patients were randomised to receive cinacalcet alongside standard therapy or standard therapy alone. 36
haemodialysis patients who had >90 days on dialysis, iPTH >300pg/mL, calcium >2.1mmol/L and age 18-75 years were included. Following randomization,
all 36 patients underwent an intensive 12-week period of bone disease management aiming for iPTH 150-300pg/mL. The primary outcome was change in
vascular calci�cation using CT agatston score. Secondary outcomes included pulse wave velocity (PWV), left ventricular mass index (LVMI), carotid intima-
media thickness (CIMT), augmentation index (Aix) and bone measurements. The above measurements were obtained at baseline and 12 months. The
difference in mortality between the groups was compared during long-term follow-up.

Results There was no evidence of a group difference in the progression of calci�cation (median change (IQR) cinacalcet: 488 (0 to1539); standard therapy:
563 (50 to 1214)). In a post hoc analysis combining groups there was a mean (SD) phosphate reduction of 0.3mmol/L (0.7) and median (IQR) iPTH reduction
of 380pg/mL (-754, 120). Regression of LVMI and CIMT was seen (P=0.03 and P=0.001) and was signi�cantly associated with change of phosphate on
multi-factorial analyses. Over a median follow-up of 32 months, there was no signi�cant difference in the mortality between the two groups.

Conclusions No signi�cant bene�t in bone and cardiovascular markers was seen with the addition of cinacalcet to standard therapy over one year. Tight
control of hyperphosphataemia and secondary hyperparathyroidism may lead to a reduction in LVMI and CIMT but this needs further investigation. Although
the sample size was small, meticulous trial supervision resulted in very few protocol deviations with therapy. 

Background
Cardiovascular disease is the leading cause of death in patients with chronic kidney disease (CKD) (1). Studies have shown that derangements of intact
parathyroid hormone (iPTH), phosphate and calcium are linked to increased mortality (2,3). A higher iPTH has also been associated with increased
calci�cation and cardiomyopathy (4,5) Cinacalcet enabled increasing numbers of patients to achieve targets for CKD mineral and bone disorder (CKD-MBD),
although there is continued restriction on its use (6,7) Since the start of this trial there has been some evidence that calcimimetics may reduce progression of
vascular calci�cation (8–10). Calci�cation progression has been studied with cinacalcet and other CKD-MBD medications but the few randomised trials have
allowed a disparity of parathyroid hormone or phosphate control between arms so that uncertainty has remained regarding whether it is the medication or the
control that has been bene�cial (11–13).

The primary aim of this study was to determine if cinacalcet treatment and standard therapy attenuated progression of vascular calci�cation compared to
standard therapy in haemodialysis patients when equivalent control of secondary hyperparathyroidism was achieved between treatment arms. Our trial is
different from the ADVANCE trial in that we aimed for equivalent biochemical targets in the treatment arms and did not specify a maximum vitamin D dose
(14).

The KDIGO guidelines published in 2009 suggest aiming for an iPTH level within the range of 2-9x the upper limit of normal (15). A subsequent observational
study by Floege et al showed a survival bene�t in patients achieving the tighter KDOQI iPTH target of 150-300pg/mL along with the targets for calcium (2.10-
2.37mmol/L) and phosphate (1.13-1.78mmol/L) (16,17). In light of this we performed a post-hoc analysis investigating the whole trial population to
determine if any differences in endpoints were associated with changes in PTH, phosphate and other biomarkers.

Materials And Methods
This open label randomized control trial compared cinacalcet versus standard therapy in patients with secondary hyperparathyroidism and dialysis
dependent end stage kidney disease to examine the effect of cinacalcet on bone and cardiovascular parameters.  All patients gave written informed consent
to participate in the trial.  Ethical and MHRA approval was granted by Salford and Trafford Local Research Ethics Committee, approved in November 2005
(ref: 05/Q1404/216). The trial conformed to the standards outlined in the 1974 Declaration of Helsinki and was registered with the ISRCTN registry
(ISRCTN81718275) (31/07/2008).

Patients with secondary hyperparathyroidism who had been receiving dialysis for greater than 90 days were screened for enrolment into the study. Inclusion
criteria included an iPTH>300pg/mL, corrected calcium >2.1mmol/L and age 18-75years. Exclusion criteria included previous coronary stents, coronary artery
bypass grafts or valve replacement, atrial �brillation and severe liver disease.

The randomisation was strati�ed by diabetic status and baseline pulse wave velocity. Following randomisation all patients underwent a 12-week intensive
management phase with both medical intervention and dietary advice. During this calcium and phosphate concentrations were measured fortnightly and the
iPTH was measured at weeks 2 and 12. Unrestricted phosphate binders (i.e. calcium and non-calcium containing preparations) and �exible doses of vitamin
D sterols were available for use in all patients.

Following the intensive management phase, patients were reviewed every 8 weeks until the �nal visit at week 52 unless a medication change or biochemical
result warranted more frequent review. Biochemical and haematology tests were measured at each time-point. All patients received a minimum of 12
consultations throughout the trial.

The study protocol is outlined in Fig. 1.
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The following investigations were performed at baseline and at 12 months; serum and plasma samples were also taken and stored at these time points.

Scans were performed on the same post-dialysis day at baseline and 12 months and were interpreted by clinicians blinded to randomisation and blood
results:

Cardiac and abdominal aorta vascular calci�cation score (Agaston method, GE CT Lightspeed 16-slice scanner).

Cardiac structure and function including left ventricular mass index (LVMI). (Cardiac magnetic resonance (CMR) scan).

Bone mineral density measurements included QCT spine (GE scanner using Mindways software), Dual X-Ray Absorptiometry (DXA) of Hip and spine and
peripheral QCT (pQCT) of forearm.

The following bedside investigations were performed immediately after dialysis with the patient at their dry weight as determined by their medical team:

Carotid-femoral pulse wave velocity (cfPWV) and augmentation index (Aix) at the radial artery (SphygmoCor® (Atcor Medical)).

The carotid-intima media thickness (CIMT) was measured 1cm below the bifurcation of the carotid artery bilaterally.

Adequate dialysis was determined as a Kt/v >1.2 and / or a URR >65%.

Biochemical and haematology pre-dialysis samples were processed at 12 time points throughout the trial. All biochemical samples were analysed in a central
laboratory (Roche modular analyser except iPTH (DPC immulite 2000 chemiluminescent immunoassay)). Haematology results were analysed using Sysmex
XE-1200. The biomarkers were analysed as following. FGF-23:Immunotiopics Inc 2nd generation ELISA (San Clemente, CA, USA); 25(OH) vitamin D: HPLC
tandem mass spectrometry; 1,25(OH)2 vitamin D: RIA (Immuno Diagnostic Systems (IDS), Boldon, UK); NTProBNP and Troponin T: ECLIA Modular Analytics
E170 analyser (Roche Diagnostics, Lewes, UK); Fetuin A: ELISA (BioVendor GmbH, Heidelberg, Germany); Osteoprotegerin: ELISA (IDS, Boldon, UK).

The primary outcome measure for the trial was change in calci�cation score at 12 months.  The secondary outcomes were change in arterial stiffness, bone
mineral density, cardiac morphology, survival and biomarkers.

At the time of designing this study there were minimal data available upon which to base a potential effect size for the primary endpoint. The trial was
designed to have an 80% power to detect a one standard deviation difference in absolute change in calci�cation score over 1 year at the 5% signi�cance
level.  A power calculation determined that 32 patients would be required for the study to have adequate power; the recruitment target was set at 40 and 36
patients were randomized.

Statistical analysis

Categorical data were analysed using chi-square analysis. Continuous data were assessed for normality using graphical means and transformed as
necessary.  All data were then analysed using linear regression adjusted for diabetes and PWV as per randomisation strati�cation. Differences over 12
months were assessed by Wilcoxon signed rank test or paired t-test depending on normality of data. Multi-factorial linear regression was used to determine
further associations using normalised data where required. The study end points for the long term follow up included the �rst of the following: death, renal
transplant, last follow up date or end of analysis period, which was 31st December 2018. Survival analyses was performed using Kaplan-Meier plots and cox
regression analyses to study the difference in mortality between the two groups (cinacalcet and control). A post-hoc analysis to examine the overall effects of
achieving tight iPTH control was also undertaken, which aggregated the data of the 36 enrolled patients. All statistical analyses were performed using SPSS
version 22.0 registered to the University of Manchester

Results
Fig. 2 shows a consort diagram detailing the recruitment and trial completion.

The baseline characteristics of the enrolled population are shown in table 1 and the baseline cardiovascular and bone imaging investigations are shown in
table 2.  Four patients did not undergo CMR investigations due to claustrophobia but continued in the study. The mean pulse wave velocity (8.6 (3)m/s), total
calci�cation score (2174 (0 to16635) and left ventricular mass index (109 (39)g/m2) were high at baseline as would be expected in a haemodialysis
population.

There were no substantive differences in most baseline parameters between treatment arms except that the baseline median calci�cation score, iPTH and
mean cfPWV were higher in the standard therapy arm (cinacalcet arm: 814, 665pg/ml, 7.8(2) compared to 3401, 806pg/ml, 9.2(3) respectively).  15 patients
were randomised to cinacalcet with standard therapy compared to 21 with standard therapy alone: the difference due to chance imbalance of strata at
randomisation. Two patients in the standard therapy arm did not complete the study; one died and the other withdrew in week 51.

Table 1 Baseline demographics, overall and per treatment arm
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  All patients (n=36)
Mean (SD) 
/ Median [range] 
/ n (%)

Cinacalcet (n=15)
Mean (SD) 
/ Median [range]
/ n (%)

Control 
(n=21)
Mean (SD) 
/ Median [range]
/ n (%)

p-Value

         
Demographics  
Age 51 (15) 45 (16) 54 (13) 0.068
Male 23 (64%) 11 (73%) 12 (57%) 0.319
Caucasian 30 (83%) 14 (93%) 16 (76%) 0.174
Diabetes 4 (11%) 1 (7%) 3 (14%) 0.473
Smoking 9 (25%) 5 (33%) 4 (19%) 0.329
Height (cm) 166 (11) 169 (11) 163 (11) 0.298
Weight (kg) 73 (15) 74 (15) 72 (15) 0.626
BMI 26 (5) 25 (5) 26 (5) 0.927
Cardiovascular  
SBP (mmHg) 131 (26) 133 (27) 130 (26) 0.789
DBP (mmHg) 72 (13) 72 (13) 72 (13) 0.877
MI 5 (14%) 2 (13%) 3 (14%) 0.935
Angina 7 (19%) 5 (33%) 2 (10%) 0.075
Stroke 3 (8%) 0 3 (14%) 0.126
TIA 7 (19%) 2 (13%) 5 (24%) 0.433
All CVD 14 (39%) 6 (40%) 8 (38%) 0.908
NYHA score 1: 26 (72%) 1: 10 (67%) 1: 16 (76%) 0.529
  2-3:10(28%)

 
2-3:5 (33%)
 

2-3:5 (24%)
 

 

CCS score  0:33 (92%) 0: 14 (93%) 0: 19 (91%) 0.759
  1-3:  3 (8%) 1-3:  1 (7%) 1-3:  2 (9%)  
Renal history   
Adequate dialysis 23 (80%) 8 (73%) 15 (83%) 0.265
Dialysis duration (m) 38 [6-319] 33 [6-319] 43 [10-222] 0.072
Previous transplant 9 (25%) 4 (27%) 5(24%) 0.845
Hyperparathyroidism medication at baseline  
Calcium binder 15 (42%) 7 (47%) 8 (38%) 0.607
Non-calcium binder 30 (83%) 13 (87%) 17 (81%) 0.650
VDRA 35 (97%) 15 (100%) 20 (95%) 1

MI: myocardial infarction; TIA: transient ischaemic attack; CVD: cardiovascular disease; NYHA: New York Heart Association heart failure score; CCA: Canadian
Cardiovascular Society angina score; VDRA: vitamin D receptor analogue; iPTH: intact parathyroid hormone; CRP: C-reactive protein; SBP: systolic blood pressure; DBP:
diastolic blood pressure; BMI: Body mass index. 

Table 2 Baseline and follow-up investigations overall and per treatment arm. 
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Mean (SD) 
/ Median
[range] / n (%)

All patients 
(n=36)
 

Cinacalcet (n=15) Control (n=21) Estimated
effect (CI)

p-
ValueBaseline 12 months Baseline 12 months

iPTH (pg/mL) 730 [318 to 1586] 665 [353 to1586] 225 [152 to
386]

806 [318 to 1096] 294 [145 to
445]

146 (-240,
355)

0.7

Calcium
(mmol/L)

2.30 (0.14) 2.32 (0.16) 2,34 (0.17) 2.29 (0.12) 2.39 (0.24) 0.08
(-0.3,0.03)

0.2

Phosphate
(mmol/L)

1.91 (0.58) 1.91 (0.58) 1.62 (0.56) 1.91 (0.59) 1.61 (0.65) 0.2 (-0.3,0.7) 0.5

Haemoglobin
(g/L)

124 (15) 124 (18) 119 (20) 124 (14) 119 (13) 7.8 (-17, 36) 0.5

CRP 11 [0,97] 16 [0 to 97] 4 [0.6 to 17] 7 [0.5 to 52] 5 [1.6 to 7.4] 5.1 (-13.1, 8) 0.6
Medication              
Calcium Binder 15 (42%) 7 (47%) 8 (53%) 8 (38%) 7 (35%)   0.3
Non-calcium
binder

30 (83%) 13 (87%) 12 (80%) 17 (81%) 12 (60%)   0.3

VDRA 35 (97%) 15 (100%) 14 (93%) 20 (95%) 20 (91%)   0.4
Vascular
stiffness &
Carotid intima
media thickness

             

cfPWV (m/s) 8.6 (3) 7.8 (2) 8 (2) 9.2 (3) 9.5 (2.6) -0.2
(-1.6,1.2)

0.8

Augmentation
index (%)

21 [-10,+53] 21 [-5 to +37] 21 [10 to
26]

26 [-10 to +53] 28 [16 to 35] 6 (-21, 4) 0.2

Average CIMT
(mm)

0.04 (0.01) 0.04 (0.01) 0.03 (0.01) 0.04 (0.01) 0.04 (0.01) -0.004
(-0.1,0.002)

0.2

Agatston
calcification
score

             

coronary calc
score

204 [0 to 4075] 96 [0 to 4075] 106 [18 to
950]

260 [8 to 3785] 464 [60
to1480]

218
(-502,387) 

0.8

Aortic calc
score

892 [0 to 16466] 302 [0 to 13063] 480 [60 to
2224]

2090 [0 to 16466] 2665 [895 to
8567]

393
(-382,1224)

0.3

Total calc score 2174 [0 to 16635] 814 [0 to 15090] 852 [165 to
5942]

3401[7.5 to 16635] 4768 [996 to
9582]

455
(-564,1293)

0.4

Cardiac
magnetic
resonance

(n=32) (n=12)   (n=20)      

LV mass index
(g/m2)

109 (39) 120 (43) 92 (31) 103 (37) 90 (20) -0.2
(-1.2,0.8)

0.7

LV stroke
volume (mL)

92 (22) 102 (22) 103 (24) 87 (19) 98 (22) -0.5 (-16,15) 0.9

LV ejection
fraction (%)

68 (11) 70 (7) 70 (8) 67 (13) 70 (10) -0.5 (-7,6) 0.9

Bone density (n=36) (n=15)   (n=19)      
DXA spine BMD
g/m2

1.1 (0.2) 1.1(0.1) 1.1 (0.1) 1.1(0.2) 1.1 (0.2) -0.03
(-0.07,0.001)

0.1

DXA hip BMD  0.9 (0.1) 0.9 (0.1) 0.9 (0.1) 0.8 (0.2) 0.8 (0.2) -0.01
(-0.03,0.2)

0.4

DXA femoral
BMD

0.8 (0.1) 0.9 (0.1) 0.9 (0.1) 0.8 (0.1) 0.8 (0.2) -0.01
(-0.04,0.02)

0.6

QCT BMD 126 (48) 134 (38) 136 (38) 120 (54) 120 (40) -2.7 (-14,9.1) 0.6
pQCT50 cortcnt 80 (30) 86 (23) 90 (21) 75 (33) 82 (27) 5.1

(-2.5,12.8)
0.2

Stress strain
index

215 (99) 227 (68) 244(66) 207 (54) 202 (94) 28
(-3.8,59.6)

0.08

Biomarkers              
NTproBNP
(pg/mL)

2945[332to161680] 2483[679to80840] 3066
[90to49520]

3011[332to161680] 3208
[107to126250]

0.01
(-0.4,0.4)

0.9

Troponin T
(ug/L)

33[11 to 199] 27[11 to 89] 30 [4 to
1478]

38[12 to 198] 42 [14 to 131] 0.1 (-0.2,0.4) 0.5

25(OH)Vitamin
D (nmol/L)

23[34 to 132] 16[6 to 59] 16 [4 to 34] 11[4 to 33] 13 [4 to 33] -0.1
(-0.3,0.7)

0.2

1,25 (OH)2
Vitamin D
(pmol/L)

66[34 to 132] 62[34 to 130] 65 [50 to
91]

70[39 to 132] 78 [54 to 122] -0.1
(-0.3,0.8)

0.3

Osteoprotegerin
(pmol/L)

8 [3 to 23] 8 [3 to 17] 8 [3 to 18] 8[4 to 23] 8 [4 to 17] 0.4 (-0.4,0.1) 0.3

FGF23
(RU/mL)

13794
[412 to 149994]

22243
[774 to 149994]

7422
[328 to
117011]

13793
[412 to 60933]

11540
[195 to
143782]

-0.06
(-0.6,0.5)

0.8

Fetuin A
(ng/mL)

342[190 to 588] 363[290 to 562] 369 [154 to
538]

321[190 to 588] 343 [161 to
580]

-0.2
(-0.9,0.6)

0.7

iPTH: intact PTH; VDRA: vitamin D receptor analogues; cfPWV: carotid-femoral pulse wave velocity: CIMT: carotid intima-media thickness; calc: calcification; LV: left
ventricular; DXA: Dual X-Ray Absorptiometry; BMD: bone mineral density; QCT: quantitative computerised tomography; pQCT50: peripheral QCT at 50% of forearm;
crtcnt: cortical content; NTproBNP: N-Terminal Pro Brain Naturetic peptide; FGF23: fibroblast growth factor 23.
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Adverse events were similar in both arms during the trial (table 3). There was a higher incidence of hypocalcaemia in patients randomised to cinacalcet
compared to standard therapy as would be expected. No patients discontinued cinacalcet in the study.

Table 3 Overview of all adverse events reported during the trial (1 year follow up).
Description
 

Cinacalcet
No of patients
(no of events)

Control
No of patients
(no of events)

Details of events p-Value

Infection 2 (3) 6 (7)   0.43
Renal transplant 1  2 (2)   0.7
Vascular access procedures 4 (11) 1   0.06
Death   1  brain tumour 0.4
Parathyroidectomy   1   0.4
Low calcium  11(20) 4 (5) <2.1mmol/L 0.01
High calcium  2(5) 9 (17) >2.6mmol/L 0.06
Claustrophobia  3 1 In MR scan 0.4
Other  11(16) 12 (20)   0.4

Primary endpoint

The primary outcome was absolute change of total calci�cation score from baseline to 1 year (Fig. 3).  Although there was no signi�cant difference between
the study arms (median change cinacalcet 488; standard 563: Estimated effect (EE)=5.0 (-0.1-10, P=0.053) changes were in a direction that favoured
cinacalcet. When areas of calci�cation were analysed separately no signi�cant change was seen with either coronary (median change cinacalcet 43; standard
207: EE =-0.9(-5.9, 4.1 P=0.7) or aortic calci�cation (median change cinacalcet 207; standard 293: EE =4.6(-0.5, 9.7 P=0.08). 4 patients who completed the trial
had a total calci�cation score <30 at baseline; 3 of which still had a calci�cation score <30 at 12 months.

The median percentage progression of total calci�cation in all study patients was 20% (IQR 0, 72%) (coronary 11% (IQR 28, 52%); aortic 12% (IQR 0, 63%)).

Secondary endpoints

Similar iPTH control was seen in both study arms (median iPTH at 12 months (pg/ml): cinacalcet 225 (152,386); standard 294 (145,445)). The area under the
curve for PTH exposure was calculated with no signi�cant difference found between the groups (P=0.3). Similarly, no signi�cant difference was seen with
exposure to phosphate over the 12-month period with mean phosphate at 12 months in cinacalcet group 1.62mmol/L (0.56) and 1.62mmol/L (0.65) with
standard therapy (P=0.6). There was no signi�cant difference in change or �nal vitamin D dose, calcium binder dose or calcium dialysate between groups. 12
patients in each treatment arm were prescribed a non-calcium phosphate binder (P=0.3).

The cfPWV and radial Aix increased during the study despite improved control of secondary hyperparathyroidism. The progression was lower in the
cinacalcet arm though this was not signi�cant (Table 2). Despite the increase in calci�cation and vascular stiffness over the study period there was a
reduction in LVMI in both treatment arms (Fig. 4). The difference between arms was not statistically signi�cant. No signi�cant change was seen for other
measured cardiac parameters, CIMT, blood pressure, biomarkers or haemoglobin levels. Bone mineral density showed minimal changes in both arms and
there was no signi�cant difference.

Post hoc analysis

When the trial population was considered as a whole, statistically signi�cant reductions were seen for LVMI and CIMT (P=0.03 and P=0.001, respectively)
between baseline and 12 months. This occurred despite progression of vascular calci�cation and stiffness. On multi-factorial analysis change of phosphate
was signi�cantly associated with change of CIMT (EE =0.007 (0.0, 0.13) P=0.04). Change of LVMI was also associated with change of phosphate on uni-
factorial (EE =0.95 (0.04, 1.86) P=0.04) and multi-factorial analysis (EE =1.23 (0.01, 2.5) P=0.05). In both cases improved phosphate control was associated
with desirable reductions in the imaging parameter. Changes in FGF23 or iPTH showed no signi�cant association with change in CIMT or LVMI.

Over the trial 22/36 (61%) patients had a reduction of phosphate (mean reduction of phosphate 0.3mmol/L). There was no signi�cant difference in starting
dose or change of vitamin D doses administered between those who had a reduction in phosphate and those who did not.

During long term follow up there were 16 deaths from randomisation to censoring (median follow up of 32 months). There was no signi�cant difference in
the number of deaths between the groups (p =0.74) (Table 4). The Kaplan-Meir survival plot did not show a signi�cant survival difference between the groups
(Log- Rank, p =0.82). (Fig. 5). In a univariable cox-regression model, cinacalcet status was not associated with all-cause mortality (HR:1.13; 95% CI: 0.39 to
3.2; p =0.82) (Table 5).

       Table 4 Outcomes on long term follow-up
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Description Cinacalcet arm (15) Control arm (21) p-Value
Follow up, months
Median (IQR)

28.5 (22.2-47.5) 34.7 (15.5-72.8) 0.55*

Deaths, n (%) 6 (40) 10 (47.6) 0.74
Transplant, n (%) 5 (33.3) 5 (23.8) 1.0
Lost to follow-up, n (%) 4 (26.6) 5 (23.8) 1.0
Reached 31/12/2018,
n (%)

0
1. (4.76)

1.0

            p-Value by Fisher-exact test, *p- value by Mann-Whitney U test.

 
Table 5 Association of intervention (cinacalcet use) with all-cause mortality (Cox-regression analysis- univariable model)
Variable HR (95%CI) p-Value
Cinacalcet 1.13 (0.39-3.2) 0.82
Age at baseline 1.07 (1.02-1.13) 0.013
Gender (Male) 2.71 (0.99-7.3) 0.05
Ethnicity (Caucasian) 2.3 (0.05-11.3) 0.47
Smoking at baseline 0.86 (0.29-2.5) 0.78

HR- Hazard ratio, CI- confidence interval

Discussion
In this study we found no signi�cant difference in progression of vascular calci�cation when cinacalcet was used to control secondary hyperparathyroidism
alongside standard therapy compared to standard therapy alone. Cinacalcet has been shown to attenuate the progression of vascular calci�cation in rat
models but human studies have shown a weaker effect (18,19).  In the ADVANCE study there was a modest bene�t with cinacalcet as opposed to standard
therapy, the median percentage of coronary calci�cation progression being 24% in the cinacalcet arm vs. 31% in the control arm (P=0.07).  Although the
primary endpoint was negative the difference reached signi�cance when corrected for baseline phosphate. 

Progression of vascular calci�cation in our study was comparable to that seen in other dialysis patient studies (12,13). The unrestricted use of vitamin D in
our study, the tight control achieved for PTH and phosphate, the small sample size and low baseline calci�cation scores in some of the patients may account
for the reduced progression of calci�cation between this and some other studies. The tight control, which was also achieved in the standard therapy arm, may
have reduced the difference in effect between the two arms of the study.  In the aggregated analysis of all patients change of coronary calci�cation was
associated with higher baseline serum phosphate and FGF23 although this association was not shown with aortic calci�cation.

High levels of phosphate and iPTH have been shown to be associated with increased mortality and vascular calci�cation (20,21). In this study we reduced
both phosphate and iPTH in both treatment arms by equal degrees.  There is probably a bene�cial role for both cinacalcet and vitamin D analogues, however
cinacalcet allows control of secondary hyperparathyroidism to be achieved more easily in patients (6). The PARADIGM study was a randomised open label
study to assess effect of cinacalcet versus vitamin D on biochemical parameters. This showed that both classes of therapy can reduce iPTH to a similar
target but that their effects on calcium and phosphate concentrations differ(22). There is data to suggest that Cinacalcet may lower blood pressure, improve
cardiac morphology and lower FGF23 and our study has also shown trends consistent with these studies (23–26). St.Peter et al found no relationship
between short term change in iPTH due to cinacalcet use and cardiovascular outcomes although this was after only 1 year and so any bene�cial changes
may not have had time to take effect (27). The relationship between cinacalcet and patient survival has been investigated in the largest study of CKD-MBD,
the EVOLVE study (28). The primary end-point of the trial was negative with intention-to-treat analysis but when baseline demographic variations were
included in the analysis an improvement in survival was suggested (29). In pre-speci�ed secondary analyses older patients have been shown to have
improved survival and reduced cardiovascular events if taking cinacalcet (30).  Although no difference in mortality was seen during long term follow up in our
study, we recognise that the study was markedly underpowered to demonstrate this.

High iPTH levels have also been shown to be associated with left ventricular hypertrophy (LVH) in haemodialysis patients and the relationship between iPTH
and LVH is thought to be independent of blood pressure (31,32).  A reduction in LVMI was seen in both arms of our study with no signi�cant difference
between treatment arms. These data are interesting as this occurred despite progression of vascular stiffness and vascular calci�cation, and without changes
in any other key parameters such as blood pressure or dialysis duration, and suggests that tighter control of phosphate and/or iPTH may be associated with
a reduction in LVMI. The trend to greater improvement observed in the cinacalcet arm may be explained by a number of mechanisms including the presence
of the calcium sensing receptor (CaSR), identi�ed on cardiac myocytes, which has been shown to affect DNA synthesis and may affect cell remodelling and
growth (33,34) An overall reduction in CIMT was also seen in this study when data in the two arms were aggregated.

We wished to further explore the regression of LVMI and CIMT and therefore performed post hoc analysis of the trial data, making use of an increased sample
size and survival data.  In these analyses we found a signi�cant association between reduction in phosphate and regression of LVMI, reduction of CIMT and
improved survival.  These associations were not seen with iPTH reduction or change in FGF23 although this may be linked to the limitations of small patient
numbers or short duration of the trial. There are many studies detailing that increased phosphate is associated with an increased mortality risk in CKD and
dialysis patients (35,36).  Higher serum phosphate is associated with LVH in the general population, predialysis and dialysis patients and it follows, but is not
causally proven, that lowering phosphate may be bene�cial (37–39).  There are many studies comparing different phosphate binders and morbidity but there
is an evidence gap with respect to the reduction of elevated phosphate leading to improved patient outcomes (12,13). Our study has shown that patients



Page 8/14

having a reduction in phosphate had an improved survival over four years although the patient numbers were very small, and itis important to emphasise that
this was a post-hoc analysis Although interesting, a larger clinical trial would be needed to verify our �ndings. 

Our overall �ndings support the view that tight control of both phosphate and iPTH, by whatever means, may slow progression of calci�cation and reduce
LVMI and CIMT.  However, the potential detrimental effects of the medications used to achieve targets need to be considered. There are studies suggesting
increased calci�cation with high dose vitamin D and calcium containing phosphate binders (40,41). A proportion of patients within our study also developed
low iPTH levels, despite close monitoring and dose adjustments, and therefore had increased likelihood of developing adynamic bone disorder. Both of these
complications are associated with a worse overall outcome (42).

The main limitation of this study was the small sample size. In light of the ADVANCE study it is clear that a larger sample size would be required to show
conclusive changes in vascular calci�cation. However, despite only 36 patients entering the study, the changes in calci�cation favoured cinacalcet use,
re�ecting the tight control of phosphate and iPTH achieved in our study, brought about by diligent and frequent monitoring by a clinician, which would be
di�cult to achieve in the setting of a larger trial. This could be achievable in clinical practice albeit at the expense of signi�cant clinician resource.  Although
the post hoc analysis of our RCT generated interesting results regarding phosphate control, the study was not designed or powered to examine the effects of
changes in phosphate level.  However, our �ndings are hypothesis generating and further studies designed to con�rm or refute the validity of these �ndings
are indicated.

In conclusion, when control of secondary hyperparathyroidism was obtained to equivalent degrees in haemodialysis patients, no signi�cant difference in
change in calci�cation was seen between the cinacalcet and standard therapy arms. The control of SHPT and phosphate appears to be important given the
overall reduction in LVMI seen despite progression of other cardiovascular parameters.

List Of Abbreviations
Aix: augmentation index; CIMT: carotid intima-media thickness; CKD: chronic kidney disease; CKD-MBD: chronic kidney disease mineral and bone disorder;
CMR: cardiac magnetic resonance; EE: estimated effect; IQR: interquartile range; LVH: left ventricular hypertrophy; LVMI: left ventricular mass index; MHRA:
Medicines & Healthcare products Regulatory Agency; PTH: parathormone; PWV: pulse wave velocity; SD: standard deviation; RCT: randomised control trial;
SHPT: secondary hyperparathyroidism.    
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Figure 2

A consort diagram detailing the recruitment and trial completion
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Figure 3

Change of calci�cation score using the Agatston method.

Figure 4
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Change in LVMI between the treatment arms at one year

Figure 5

Kaplan Meir curve on survival difference between the arms on long term follow-up


