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Publishing the CKD-MBD Guideline 

The first KDIGO clinical 

practice guideline on 

CKD-MBD was published 

in August 2009. 

 

 

 

 



2nd KDIGO Controversy Conference on 

CKD-MBD 

• Divided into four Breakout 

Groups 

•Vascular Calcification 

•Bone Quality 

•Calcium and Phosphorus 

•Vitamin D and PTH 
 

• 74 attendees from 5 continents and 19 countries 



 Topic #1: Vascular Calcification 

• 3.3.1 In patients with CKD stages 3–5D, we suggest that a 
lateral abdominal radiograph can be used to detect the 
presence or absence of vascular calcification, and an 
echocardiogram can be used to detect the presence or 
absence of valvular calcification, as reasonable 
alternatives to computed tomography based imaging 
(2C). 

 

• 3.3.2 We suggest that patients with CKD stages 3–5D with 
known vascular/valvular calcification be considered at 
highest cardiovascular risk (2A). It is reasonable to use 
this information to guide the management of CKD–MBD 
(not graded). 

  

 

 

  2009 KDIGO CPG on CKD-MBD 



New Studies: Sevelamer vs Ca P binder 

-coronary calcification- 

 

 

 

 

Favors sevelamar    Favors calcium 

Jamal, et al.  NDT 2009 

Change in Agatston Score 



 

 

 

 

EVOLVE: ITT analysis of the primary composite 

outcome and its components. 

(A) Primary composite end point 

Shown are Kaplan-Meier curves comparing cinacalcet with placebo for the time to the first primary composite outcome （Panel A）, 
death （Panel B）, first myocardial infarction （Panel C）, first hospitalization for unstable angina （Panel D）, first episode of heart failure 
（Panel E）, and first episode of a peripheral vascular event （Panel F）. 
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Cinacalcet 

Placebo 

No. at Risk 

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 

Placebo 

Cinacalcet 

Hazard ratio, 0.93 （95％ CI, 0.85-1.02） 
p=0.11 by log-rank test 

1,935 1,804 1,693 1,579 1,476 1,384 1,312 1,224 1,160 1,109 1,053 996 940 650 404 114 

1,948 1,842 1,739 1,638 1,556 1,472 1,384 1,303 1,230 1,177 1,115 1,051 989 679 399 113 

Study month 

Chertow GM, et al. N Engl J Med 2012; November 3, Epub 

all-cause mortality or non-fatal cardiovascular events （
myocardial infarction, hospitalization for unstable angina, heart 

failure or peripheral vascular event） 



 

 

 

 

Shown are Kaplan-Meier curves comparing cinacalcet with placebo for the time to the first primary composite outcome （Panel A）, 
death （Panel B）, first myocardial infarction （Panel C）, first hospitalization for unstable angina （Panel D）, first episode of heart failure 
（Panel E）, and first episode of a peripheral vascular event （Panel F）. 

(E) Heart failure 
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Cinacalcet 

Placebo 

No. at Risk 

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 

Placebo 

Cinacalcet 

Hazard ratio, 0.82 （95％ CI, 0.68-0.99） 
p=0.03 by log-rank test 

1,935 1,842 1,753 1,652 1,565 1,478 1,404 1,333 1,264 1,216 1,159 1,110 1,054 737 464 129 

1,948 1,873 1,798 1,712 1,649 1,579 1,499 1,422 1,357 1,301 1,242 1,176 1,115 769 452 128 

Study month 

EVOLVE: ITT analysis of the primary composite 

outcome and its components. 

Chertow GM, et al. N Engl J Med 2012; November 3, Epub 



 

 

 

 

Adjudicated causes of death in the EVOLVE study 

population 

Cardiovascular 

45％ 

Non-cardiovascular 

46％ 

Unknown 

（Presumed Cardiovascular） 

9％ 

Stroke6％ 

Other CV5％ 

CV prosedure2％ 

Pulmonary Embolism1％ 

HF/Cardiogenic Shock4％ 

Myocardial Infarction4％ 

n=1,421 

Wheeler DC, et al. J Am Heart Assoc. 2014; 3（6）: e001363 

 768 (54%)of 1421 death were adjudicated as being due to cardiovascular cause. 
 25 % were sudden death and 4% were heart failure / cardiogenic shock. 

Sudden Death 

25％ 



 

 

 

 

 Post hoc analysis: Different effect of cinacalcet can be investigated between 

atherosclerotic and nonatherosclerotic event 

Wheeler DC, et al. J Am Heart Assoc. 2014; 3（6）: e001363 

Cardiovascular 
Events 

Nonatherosclerotic 
Events 

Atherosclerotic 
Events 

Heart Failure 
Sudden  
Hemorrhagic stroke 
Fatal pulmonary stroke 
Other fatal cardiovascular events 
Unknown cardiovascular death cause 

Peripheral vascular events 
Myocardial Infarction 
Nonhemorrhagic stroke 
Hospitalization for unstable angina 
Death from cardiovascular procedure 
Other fatal cardiovascular 



 

 

 

 

Time to the First Cardiovascular Events 

（Multivariable Cox Regression Model, ITT analysis

） 
HR （95％ CI） 

First nonatherosclerotic events 

Heart failure 

Sudden Death 

First atherosclerotic events 

0.84 （0.73～0.96） 

0.79 （0.66～0.96） 

0.88 （0.76～1.01） 

0.79 （0.64～0.98） 

0.5 1 2 

Cinacalcet better Placebo better 

Wheeler DC, et al. J Am Heart Assoc. 2014; 

 There was a 16% (95% CI 4% to 26%) lower hazard of nonatherosclerotic 

events in patients randomized to cinacalcet. 

 The relative hazard ratio for heart failure and sudden death was reduced with 

statistically  significant by 21%.  



 Topic #1: Vascular Calcification 

• 3.3.1 In patients with CKD stages 3–5D, we suggest that a 
lateral abdominal radiograph can be used to detect the 
presence or absence of vascular calcification, and an 
echocardiogram can be used to detect the presence or 
absence of valvular calcification, as reasonable 
alternatives to computed tomography based imaging 
(2C). 

 

• 3.3.2 We suggest that patients with CKD stages 3–5D with 
known vascular/valvular calcification be considered at 
highest cardiovascular risk (2A). It is reasonable to use 
this information to guide the management of CKD–MBD 
(not graded). 

  

 

 

 

The group was unanimous in their assessment 

of the clinical significance of cardiovascular 

calcification and the conclusion that 

cardiovascular calcification should be 

considered for guidance of CKD-MBD 

management.  

 2009 KDIGO CPG on CKD-MBD 



4.1.4 In patients with CKD stages 3–5 (2D) and 5D (2B), 

we suggest using phosphate‐binding agents in the 

treatment of hyperphosphatemia. It is reasonable that 

the choice of phosphate binder takes into account CKD 

stage, presence of other components of CKD–MBD, 

concomitant therapies, and side‐effect profile (not 

graded). 

 

Arguments: 

New data from RCTs, safety data 

Distinguish pre-dialysis and dialysis 

 

 
 

 

 

 

Topic #2: Calcium + Phosphate 

Can we recommend non-calcium 

containing Pi binders than calcium 

containing more specifically?  

 2009 KDIGO CPG on CKD-MBD 



New Studies: Non-Ca vs Ca P binders 

 

 

 

 

Favors non-calcium         Favors calcium 

Jamal, et al. Lancet 2013 

All Cause Mortality 

Patients randomly assigned to non-calcium-based 

phosphate binders had a statistically significant 

22% reduction in all-cause mortality compared with 

those randomly assigned to calcium-based 

phosphate binders (RR 0·78, 95% CI 0·61–0·98).  



INDEPENDENT STUDY 

Iorio BD, et a;. Clin J Am Soc Nephrol 7, 2012.  
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Event-free survival from the composite end point of 

all-cause mortality and dialysis inception among 

patients treated either with sevelamer (n=107) or 

calcium carbonate (n=105) in CKD 3-4. (log-rank 

test = 11.46; P,0.01)  



New Studies-Calicium overload by 

CaCO3 

 

 

Hill et al, Kidney International 2013 

3500mg/day 

CKD 3b-4 



4.1.7 In patients with CKD stages 3–5D, we suggest 

limiting dietary phosphate intake in the treatment of 

hyperphosphatemia alone or in combination with other 

treatments (2D). 

 

 

 

 

 

 

Topic #2: Calcium + Phosphate 

Argument: 

Data on food additives and differences in protein source 

 2009 KDIGO CPG on CKD-MBD 



Vegetarian Compared with Meat Dietary Protein  

Source and Phosphorus Homeostasis in CKD 

2200Cal 

Protein 

18%(78g) 

P 800-850mg 

 

 

 

 Moe SM, et al. Clin J Am Soc Nephrol. 2011;6:257  



Topic #2: Calcium + Phosphate 

D’Alessandro et al. BMC Nephrology 2015, 16:9  

The source of protein has a significant 

effect on phosphorus homeostasis in 

patients with CKD. Therefore, dietary 

counseling of patients with CKD must 

include information on not only the 

amount of phosphate but also the 

source of protein from which the 

phosphate derives.  

 

 

 

 



Topic #4: Bone Quality 

 

 

 

 

3.2.2 In patients with CKD stages 3–5D with evidence 

of CKD–MBD, we suggest that BMD testing not be 

performed routinely, because BMD does not predict 

fracture risk as it does in the general population, and 

BMD does not predict the type of renal osteodystrophy 

(2B). 

Argument: 

Data on usefulness of DXA to predict bone fracture in 

CKD, 5D and Tx. 

 

Secondary analyses in osteoporosis trials 

New therapies – denosumab and teriparatide 

 2009 KDIGO CPG on CKD-MBD 



New Data-Usefulness of testing in 

predicting fracture risk.  

 

 

 

 

Imori S et al NDT 2012 

Fracture of hemodialyzed patients (n=485) 

were inverstigated prospectively over 5 years. 

 

The results without stratifying 

PTH level or gender for AUCs 

are: 0.766 (b-AP, p<0.0001), 0.61 

(femoral neck, p<0.05), 0.616 

(femoral trochanter, p<0.01) and 

0.588 (1/3 distal radius, p<0.05). 

Cut-off values are >20.1 µg/L (b-

AP), ≤0.585 g/cm2 (femoral neck), 

≤0.474 g/cm2 (femoral 

trochanter), and ≤0.589 g/cm2 

(1/3 distal radius). 

 



 

 

 

 

Mean predicted 5-year fracture risk from the Canadian FRAX and 

observed 5-year major osteoporotic fracture risk according to eGFR.  

Naylor et al. Clin J Am Soc Nephrol 10: 646–653, April, 2015  

FRAX variable 

 

Women 

Age (yr) 

Body mass index (kg/m2) 

<18.5 18.5–24.9 25–29.9 ≧30 

Previous fracture 

Parent fractured hip 

Current smoking  

Corticosteroid use for .3 mo  

Rheumatoid arthritis  

Secondary osteoporosis 

≧3alcoholic beverages per day 

Femoral neck T-score 



 

 

 

 

Cinacalcet reduced fructure in elderly patiensts 

-from post-hoc analysis of EVOLVE- 

Moe SM, et al. J Am Soc Nephrol 2014 Dec 11. pii: ASN.2014040414. 
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Cumulative incidence of clinical fractures in patients aged ＜65 years （left） and aged ≥65 years （right）. 



 

 

 

 

Forest plot of treatment effect of cinacalcet on clinical fracture rate by 
prespecified baseline characteristics using lag-censoring analysis① 

Moe SM, et al. J Am Soc Nephrol 2014 Dec 11. pii: ASN.2014040414. 

0 3.6 1.2 3.0 

HR （95％ CI） 

0.6 1.8 2.4 0.2 1.4 3.2 0.8 2.0 2.6 0.4 1.6 3.4 1.0 2.2 2.8 

Subgroup n 
Cinacalcet 

better 
Placebo 
better 

Interaction 

P value 

Age 0.253 

Sex 0.421 

Race group 0.023 

Region 0.183 

Diabetes 0.612 

BL vitamin D 0.744 

HR （95％ CI） 

Overall treatment effect 3,883 0.72 （0.58, 0.90） 

Less than 65 years 2,878 0.79 （0.61, 1.03） 

65 years or more 1,005 0.60 （0.41, 0.88） 

Female 1,578 0.66 （0.49, 0.90） 

Male 2,305 0.79 （0.58, 1.07） 

White 2,240 0.58 （0.44, 0.77） 

Black 837 0.89 （0.52, 1.52） 

Other 806 1.23 （0.75, 2.01） 

United States 1,430 0.92 （0.65, 1.31） 

Europe 1,188 0.70 （0.47, 1.03） 

Latin America 687 0.69 （0.42, 1.14） 

Russia 283 0.29 （0.10, 0.82） 

Canada 146 0.29 （0.09, 0.92） 

Australia 149 1.00 （0.28, 3.58） 

Yes 1,302 0.78 （0.55, 1.10） 

No 2,581 0.69 （0.52, 0.91） 

Yes 2,310 0.70 （0.53, 0.93） 

No 1,573 0.76 （0.54, 1.06） 

HR, hazard ratio. 



 

 

 

 

Forest plot of treatment effect of cinacalcet on clinical fracture rate by 
prespecified baseline characteristics using lag-censoring analysis② 

Moe SM, et al. J Am Soc Nephrol 2014 Dec 11. pii: ASN.2014040414. 

PTH group 0.272 

Dialysis vintage 0.209 

Fracture history 0.266 

Stroke history 0.513 

Tobacco use 0.267 

300 to 600pg/mL 1,573 0.72 （0.51, 1.00） 

600 to 900pg/mL 929 0.88 （0.56, 1.37） 

900 to 1,200pg/mL 550 0.96 （0.52, 1.77） 

More than 1,200pg/mL 831 0.50 （0.31, 0.80） 

Less than 2 years 1,098 0.88 （0.57, 1.35） 

2 to 5 years 1,285 0.83 （0.57, 1.23） 

5 years or more 1,499 0.58 （0.41, 0.80） 

Yes 769 0.88 （0.59, 1.31） 

No 3,114 0.67 （0.52, 0.86） 

Yes 355 0.60 （0.34, 1.08） 

No 3,528 0.74 （0.59, 0.94） 

Never 2,184 0.80 （0.60, 1.08） 

Former 1,064 0.76 （0.50, 1.18） 

Current 632 0.51 （0.31, 0.82） 

0 3.6 1.2 3.0 0.6 1.8 2.4 0.2 1.4 3.2 0.8 2.0 2.6 0.4 1.6 3.4 1.0 2.2 2.8 

n 

HR （95％ CI） 

Subgroup 
Cinacalcet 

better 
Placebo 
better 

Interaction 

P value HR （95％ CI） 

HR, hazard ratio. 



Three-year cumulative incidence of fracture.  

KL Naylor et al.: Fracture in chronic kidney disease. Kidney International (2014) 86, 810–818  
 

 

 

 



 

 

 

 

New strategy to treat osteoporosis in CKD 

FDA approved bisphosphonate in 2013 

adapted fromOtt, S. M. Nat. Rev. Nephrol. 9, 681–692 (2013)  



Favus MJ. N Engl J Med 2010;363:2027-2035. 

Cellular Elements Involved in Postmenopausal Trabecular Bone 
Turnover before and during Bisphosphonate Therapy. 



Effect of Ibandronate on BMD of Hemodialyzed Patients 

Bergner R., et al. J Nephrol 2008; 21: 510-516  



New strategy to treat osteoporosis in CKD 

FDA approved regimens for osteoporosis in 2013 

adapted fromOtt, S. M. Nat. Rev. Nephrol. 9, 681–692 (2013)  



 

 

 

 
Jamal SA, et al. J Bone Miner Res. 2011;26:1829 

Effect of Denosumab on BMD in CKD-

FREEDOM STUDY 

The increases in BMD did not differ by level of kidney 

function, and the magnitude of increase in BMD was 

not substantially different by stage of CKD compared 

with the overall increase in BMD at all sites. 



 

 

 

 

Treatment of Hemodialysis-Associated 

Adynamic Bone Disease with Teriparatide  

Cejka, D. et al. Kidney Blood Press Res 2010;33:221  



 

 

 

 

Effect of Teriparatide on histology of 

adanyamic bone 

Palcu, D. et al. Am J Kidney Dis. 65:933 



Factors determining bone quality in 

CKD 

LBT HBT 

Choice of regimens according to patient’s bone 

turnover 



Expected Guideline Update in 2015 

Overview of proposed changes 

• Selective update in red  

• Minor tweaking in dark grey 

• No changes in black 

 

 

 

 


