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Pathogenesis of secondary hyperparathyroidismPathogenesis of secondary hyperparathyroidismPathogenesis of secondary hyperparathyroidism
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Slatopolsky E et al. Kidney Int 1999;73:S14–9



Vitamin D deficiency and Vitamin D deficiency and sHPTsHPT start to manifest in early start to manifest in early 

stages of CKDstages of CKD
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Kestenbaum B et al. J Am Soc Nephrol. 2004;16:520-528

HyperphosphatemiaHyperphosphatemia starts to manifest starts to manifest sichsich in stages 4in stages 4--5 in 5 in 

CKD patientsCKD patients



Phosphate BalancePhosphate Balance

BoneBone

PP--UptakeUptake

20 mg/kg/20 mg/kg/dayday

3 mg/kg/3 mg/kg/dayday

16 mg/kg/16 mg/kg/dayday

intestinalintestinal absorptionabsorption

ExtracellularExtracellular

phosphatephosphate poolpool

3 mg/kg/3 mg/kg/dayday

IntestinalIntestinal fluidfluid

FaecesFaeces KidneyKidney

7 mg/kg/7 mg/kg/dayday 13 mg/kg/13 mg/kg/dayday

adapted: Schiavi & Kumar, Kidney Int 2004; 65:1-14

↓ CKDCKD5D



Phosphate BalancePhosphate Balance

Tonelli M et al., N Eng J Med 2010; 362:1312-24



Ritz E, J Nephrol 2005; 18:221-8

FGF-23

by suppression of

1-αααα-hydroxylase



Biochemical 
parameters in FGF23 

knockout mice

Biochemical 
parameters in FGF23 

knockout mice

Shimada et al., J Clin Invest  2004; 113:561-8

*

*



KLOTHO KLOTHO ––

thethe GreekGreek goddessgoddess of of fatefate whowho spinsspins thethe threadthread of lifeof life



Liu & Quarles, J Am Soc Nephrol 2007; 18:1637-47

HowHow FGFFGF--23 23 worksworks !!



„„LossLoss--ofof--functionfunction““ mutationmutation of of thethe KlothoKlotho genegene

causescauses a a phenotypephenotype of of „„AGINGAGING““

Klotho knockout mice develop...

... Calcifying atherosclerosis

... Osteoporosis

... Skin atrophy

... Emphysema

... Infertility

… and die prematurely.

Transgenic Klotho
overexpression rescues
this phenotype.

Kuro-o et al., Nature 390:45-51



Stubbs et al., J Am Soc Nephrol 2007; 18:2116-24

HowHow FGFFGF--23 23 worksworks !!

FGFFGF--2323 knockoutknockout micemice die die prematurelyprematurely, , butbut cancan bebe rescuedrescued byby

correctioncorrection of of eithereither hyperphosphatemiahyperphosphatemia oror hypervitaminosishypervitaminosis DD



Stubbs et al., J Am Soc Nephrol 2007; 18:2116-24

HowHow FGFFGF--23 23 worksworks !!

AorticAortic calcificationscalcifications in in 

FGFFGF--2323--//-- micemice fedfed different different 

dietsdiets

KidneyKidney calcificationscalcifications in in 

FGFFGF--2323--//-- micemice fedfed different different 

dietsdiets

PD = PD = PhosphatePhosphate--deficientdeficient dietdiet

DD = Vitamin DD = Vitamin DD--deficientdeficient dietdiet



FGF23 and chronic kidney disease (CKD) stage inversely 
correlate with each other

FGF23 and chronic kidney disease (CKD) stage inversely 
correlate with each other

Guiterrez et al., J Am Soc Nephrol 2005; 16:2205-15



Relative fractional phosphate excretion increases with
CKD progression

Relative fractional phosphate excretion increases with
CKD progression

Guiterrez et al., J Am Soc Nephrol 2005; 16:2205-15



Phosphate binding by sevelamer reproducible lowers FGF23 
and PTH levels in hyperphosphatemic uremic rats

Phosphate binding by sevelamer reproducible lowers FGF23 
and PTH levels in hyperphosphatemic uremic rats

Nagano et al., Kidney Int 2006; 69:531-7



Pathogenesis of secondary hyperparathyroidismPathogenesis of secondary hyperparathyroidismPathogenesis of secondary hyperparathyroidism
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FGF23 and dialysis patientsFGF23 and dialysis patients

Torres et al., Kidney Int 2008; 73:102-7

In CKD 5D, In CKD 5D, FGF23FGF23 serumserum

levelslevels correlatecorrelate as well as well 

withwith phosphatephosphate

concentrationsconcentrations



FGF23 and mortatlity in CKD 5D:
The ArMORR study

Gutiérrez et al., N Engl J Med 2008; 359:584-92 



Gutiérrez et al., N Engl J Med 2008; 359:584-92 

High High FGF23FGF23 areare mortalitymortality

riskrisk predictorspredictors in in incidentincident

hemodialysishemodialysis patientspatients

FGF23 and mortatlity in CKD 5D:
The ArMORR study



Gutiérrez et al., N Engl J Med 2008; 359:584-92 

SignificantSignificant associationsassociations FGF23 FGF23 and and mortalitymortality in in serumserum

phosphatephosphate levelslevels withinwithin thethe KDOQI KDOQI targettarget rangerange (<(< 5,5 mg/dl5,5 mg/dl !)!)

FGF23 and mortatlity in CKD 5D:
The ArMORR study



Jean G et al., NDT 2009; 24:2792-6 

FGF23 and mortatlity in CKD 5D:
Prevalent European patients (Hemodialysis)



FGF23 and mortatlity in CKD 5D:
Prevalent European patients (Hemodialysis)

Ketteler M & Biggar P, NDT 2009; 24:2618-20

•• High FGF23 High FGF23 despitedespite longlong dialysisdialysis

sessionssessions –– isis initialinitial resorptionresorption moremore

importantimportant thanthan overalloverall balancebalance??

•• WarfarinWarfarin useuse was was associatedassociated withwith

high FGF23 high FGF23 –– link link betweenbetween vitaminvitamin

KK--dependentdependent pathwayspathways

((OsteocalcinOsteocalcin/MGP), FGF23 /MGP), FGF23 

regulationregulation and and calcificationcalcification??

•• InfluenceInfluence of of activeactive vitaminvitamin D D 

treatmenttreatment on FGF23 on FGF23 levelslevels??



Pathogenesis of secondary hyperparathyroidismPathogenesis of secondary hyperparathyroidismPathogenesis of secondary hyperparathyroidism

Tonelli M et al., N Eng J Med 2010; 362:1312-24



Management of hyperphosphatemia by 

phosphate binders

Management of hyperphosphatemia by 

phosphate binders
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* Treat-to-goal Studie: Chertow GM. KI 2002; ** Hutchison WCN 03. Berlin; *** Qunibi W. et al. KI 2004



Available phosphate bindersAvailable phosphate binders

CalciumCalcium--free phosphate bindersfree phosphate binders

• Aluminium-HCl / Aluminium-OH

• Sevelamer-HCl / Sevelamercarbonate

• Lanthanumcarbonate

• Magnesium-OH / Magnesiumcarbonate

• Niacin / Nicotinamide*

• Fe-Mg-hydroxycarbonate**

• Fe-(III)-oxid-OH**

• Colestilan**

• Salivary binders…

*Phosphate transport inhibitor (no binder)

**in pivotal studies

CalciumCalcium--based                 based                 
phosphate bindersphosphate binders

• Calciumcarbonate

• Calciumacetate



Phosphate binder 
therapy is 

associated with 
improved survival in 

incident dialysis 
patients

Block GA et al., Kidney Int 2005; 68:1815

Estimated proportions:
� ca. 40% Ca-containing PB
� ca. 40% Sevelamer
� < 20% Lanthanum
� many combinations

Isakova T et al., JASN 2009; 20:388



RIND Study: Progression of coronary artery calcifications in 
incident hemodialysis patients

Sevelamer “Extended treatment”
RANDOMISATION

within 90 days
(start of HD) 

0 EBCT scan

Dose titration
P <6.5 mg/dL

Ca2+ <10.2 mg/dL

“Usual” clinical practice 

“Extended treatment”

6 Mo  12 Mo  18 Mo EBCT scans

Dose titration
P <6.5 mg/dL

Ca2+ <10.2 mg/dL
PTH 150-300 pg/mL

Dialysate Ca=1.25 mmol/L

•Renagel patients were allowed to receive nightly Ca supplements.

Calcium-
binder

Block GA et al., Kidney Int 2005; 68:1815



The absolute rise of CACS (median) after 18 months was 11The absolute rise of CACS (median) after 18 months was 11--fold increased fold increased 

in the Ca salt vs. the in the Ca salt vs. the sevelamersevelamer group!group!

„„ProgressorsProgressors““ (60%) (60%) werewere alreadyalready calcifiedcalcified at at thethe start of start of thethe studystudy !!
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Sevelamer

Ca salts

Block GA et al., Kidney Int 2005; 68:1815

PatientsPatients w/outw/out coronarycoronary calcificationscalcifications at at thethe start of start of thethe studystudy (40%) (40%) 

remainedremained freefree of of calcificationcalcification –– despitedespite intakeintake of of calciumcalcium--basedbased bindersbinders! ! 

RIND Study: Progression of coronary artery calcifications in 
incident hemodialysis patients



Treatment of CKDTreatment of CKD--MBD: Phosphorus MBD: Phosphorus 

and Calciumand Calcium

•• 4.1.1.4.1.1. In patients with CKD Stages 3In patients with CKD Stages 3--5, we 5, we 

suggest maintaining serum phosphorus in the suggest maintaining serum phosphorus in the 

normal rangenormal range (2C)(2C). In patients with CKD Stage . In patients with CKD Stage 

5D, we suggest lowering elevated phosphorus 5D, we suggest lowering elevated phosphorus 

levels towards the normal rangelevels towards the normal range (2C)(2C)..



Treatment of CKDTreatment of CKD--MBD: Phosphorus MBD: Phosphorus 

and Calciumand Calcium

•• 4.1.4.4.1.4. In patients with CKD Stages 3In patients with CKD Stages 3--55 (2D)(2D) and and 

5D5D (2B(2B)), we suggest using phosphate, we suggest using phosphate--binding binding 

agents in the treatment of agents in the treatment of hyperphosphatemiahyperphosphatemia. It . It 

is reasonable that the choice of phosphate is reasonable that the choice of phosphate 

binder takes into account CKD stage, presence binder takes into account CKD stage, presence 

of other components of CKDof other components of CKD--MBD, concomitant MBD, concomitant 

therapies, and sidetherapies, and side--effect profileeffect profile (not graded)(not graded)..



Treatment of CKDTreatment of CKD--MBD: Phosphorus MBD: Phosphorus 

and Calciumand Calcium
•• 4.1.5.4.1.5. In patients with CKD Stages 3In patients with CKD Stages 3--5D and 5D and 

hyperphosphatemiahyperphosphatemia, we recommend restricting , we recommend restricting 

the dose of calciumthe dose of calcium--based phosphate binders based phosphate binders 

and/or the dose of and/or the dose of calcitriolcalcitriol or vitamin D analog or vitamin D analog 

in the presence of persistent or recurrent in the presence of persistent or recurrent 

hypercalcemiahypercalcemia (1B)(1B)..

•• In patients with CKD Stages 3In patients with CKD Stages 3--5D and 5D and 

hyperphosphatemiahyperphosphatemia, we suggest restricting the , we suggest restricting the 

dose of calciumdose of calcium--based phosphate binders in the based phosphate binders in the 

presence of arterial calcificationpresence of arterial calcification (2C)(2C) and/or and/or 

adynamicadynamic bone diseasebone disease (2C)(2C) and/or if serum        and/or if serum        

PTH levels are persistently lowPTH levels are persistently low (2C)(2C)..



Sevelamer carbonate as a new option for treatment 
of hyperphosphatemia in CKD stages 3 – 5 

Structures adapted from Renagel and Renvela Package Inserts.

•• Same polymer backbone: Retains similar phosphateSame polymer backbone: Retains similar phosphate--binding capacity binding capacity 

•• Salt change: Potentially improves buffering capacitySalt change: Potentially improves buffering capacity

•• Available as tablets and powderAvailable as tablets and powder

Renagel Renvela 

NH2-nHCI a NH-nHCI

NH2-nHCI NH-nHCI
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m

OH
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NH2 NH
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HCO3-



KDOQI Clinical Practice Guidelines: KDOQI Clinical Practice Guidelines: 

Guideline 15 Guideline 15 –– Metabolic AcidosisMetabolic Acidosis

• 15-1  In CKD Stages 3, 4 and 5, the serum level of total CO2

should be measured.

• 15-1a  The frequency of these measurements should be 
based on the stage of CKD as shown in Table. (OPINION)

KDOQI Clinical Practice Guidelines for Bone Metabolism and Disease in Chronic Kidney Disease. Available at 
http://www.kidney.org/professionals/KDOQI/guidelines_bone/Guide15.htm

1515--2  In these patients, serum levels of total CO2  In these patients, serum levels of total CO22 (bicarbonate) should be (bicarbonate) should be 
maintained at maintained at ≥≥22 mEq/L (22 mmol/L). (EVIDENCE) If necessary, 22 mEq/L (22 mmol/L). (EVIDENCE) If necessary, 

supplemental alkali salts should be given to achieve this goal. supplemental alkali salts should be given to achieve this goal. (OPINION)(OPINION)

At least every monthDialysis

At least every 3 months<155

At least every 3 months15-294

At least every 12 months30-593

Frequency of
Measurement

GFR Range
(mL/min/1.73m2)

CKD 
Stage

Frequency for Measurement of Serum Levels of Total CO2



RenvelaRenvela Equivalence Study Equivalence Study 

Study DesignStudy Design

Renagel Run-in

5 Weeks

Renvela 

8 Weeks

Renagel 
8 Weeks

Renvela 

8 Weeks

Randomize
Washout
2 weeks

Multicenter, Double-blind, Randomized, Crossover Study

• Starting dose of Renvela or Renagel was 
based on most recently prescribed dose of 
Renagel during run-in period

• Stable doses of cinacalcet and vitamin D were 
maintained throughout the study

Renagel 
8 Weeks

Baseline 
Measurement

Delmez J, Block G, Robertson J, et al. Clin Nephrol 2007; 68:386-391



RenvelaRenvela Equivalence Study Equivalence Study 

Baseline LaboratoriesBaseline Laboratories

Renagel

(N=78)

Renvela

(N=73)

4.6 ± 1.134.6 ± 1.09
Phosphorus 
(mg/dL)

245

3.8 ± 0.31

42.9 ± 10.19

9.3 ± 0.67

249iPTH (pg/mL)*

3.8 ± 0.31Albumin (g/dL)

42.4 ± 10.70
Calcium x 
Phosphorus  
(mg2/dL2)

9.3 ± 0.66Calcium (mg/dL)

*iPTH is presented as median. Delmez J, Block G, Robertson J, et al. Poster presented at the National Kidney 
Foundation 2007 Spring Clinical Meetings



RenvelaRenvela Equivalence Study Equivalence Study 

Efficacy ResultsEfficacy Results

mg/dLmg/dL 0.99 0.99 

(0.95 (0.95 –– 1.03)*1.03)*

Geometric LS Geometric LS 

Mean Ratio Mean Ratio 

(CI)(CI)

RenagelRenagel

(mean (mean ±± SD) SD) 

N=56N=56

RenvelaRenvela

(mean (mean ±± SD) SD) 

N=56N=56

4.7 4.7 ±± 0.90.94.6 4.6 ±± 0.90.9

*90% CI for the ratio is within the interval 0.80-1.25
LS=Least Square

Mean Serum Phosphorus Levels ± SD 
(mg/dL)

Delmez J, Block G, Robertson J, et al. Clin Nephrol 2007; 68:386-391



RenvelaRenvela Equivalence StudyEquivalence Study

Serum Phosphorus During Washout PeriodSerum Phosphorus During Washout Period

*Wilcoxon signed rank test used to compare change from baseline.
†All patients who completed washout regardless of form of sevelamer prescribed during treatment period.

-4

-3

-2

-1

0

1

2

3

4

All Patients†

M
e

a
n

 C
h

a
n

g
e

 i
n

 S
e

ru
m

 P
 (

m
g

/d
L

)

N=40

* *P < 0.001    

vs. 

Treatment  
endpoint

1.5 mg/dL

Delmez J, Block G, Robertson J, et al. Clin Nephrol 2007; 68:386-391



RenvelaRenvela Equivalence StudyEquivalence Study

Effect of Treatment on Serum BicarbonateEffect of Treatment on Serum Bicarbonate

*Wilcoxon signed rank test used to compare change from baseline within treatment.
†Wilcoxon signed rank test used to compare change from baseline between treatments.
All baseline values are post-5-weeks run-in on Renagel. 

Baseline   Tx End 
Renagel
(N=78)

Baseline   Tx End 
Renvela
(N=73)

†P < 0.001
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Delmez J, Block G, Robertson J, et al. Clin Nephrol 2007; 68:386-391

KDOQI Clinical Practice Guidelines for Bone Metabolism and Disease 

in Chronic Kidney Disease, Guideline 15 – Metabolic Acidosis.

*P < 0.001
*P = 0.833



RenvelaRenvela Equivalence StudyEquivalence Study

Adverse Events*Adverse Events*

0.56411 (1.3)22 (2.7)Abdominal pain

0.31733 (3.8)11 (1.4)Dyspepsia

0.08333 (3.8)00 (0.0)Constipation

0.18054 (5.1)11 (1.4)GERD

0.25765 (6.4)32 (2.7)Diarrhea

0.52788 (10.3)76 (8.2)Vomiting

0.4671310 (12.8)97 (9.6)Nausea

0.0074528 (35.9)2515 (20.5)
Any Gastrointestinal 
Event

P-value†Events
N

Patients
N (%)

Events
N

Patients
N (%)

Adverse Event

Renagel
N=78

Renvela
N=73

*Occurring in ≥ 2% of patients; †McNemar’s Test.

GERD=Gastroesophageal Reflux Disease

Delmez J, Block G, Robertson J, et al. Clin Nephrol 2007; 68:386-391



Ketteler M et al., CJASN 2008

Sevelamer carbonate (Renvela) in patients in 
CKD stages 4-5



Sevelamer carbonate (Renvela) in patients in 
CKD stages 4-5

Ketteler M et al., CJASN 2008



GFR for all patients (PPS GFR for all patients (PPS –– SVCARB00105)SVCARB00105)

Calculated GFR (C-G)
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Sevelamer carbonate (Renvela) in patients in 
CKD stages 4-5

Ketteler M et al., CJASN 2008



Sevelamer carbonate (Renvela) in patients in 
CKD stages 4-5

Ketteler M et al., CJASN 2008



Acid base changes: Acid base changes: sevelamersevelamer treated CKD patientstreated CKD patients

SevelamerSevelamer carbonate provides a differential of ~ carbonate provides a differential of ~ + 4mmol/L + 4mmol/L in in 

serum bicarbonate in CKD patients not on dialysis in serum bicarbonate in CKD patients not on dialysis in 

comparison with comparison with sevelamersevelamer hydrochloridehydrochloride

–2.6 ±±±± 4.6 mmol/L**
Sevelamer

hydrochloride
(GTC-45-204)

+1.3 ±±±± 2.9 mmol/L*
Sevelamer

carbonate
(SVCARB00105)

CKD patients not on dialysis
Change from baseline in serum 

bicarbonate level

Phosphate Binder

* 8 weeks treatment, ** 12 weeks treatment



Early management of phosphate regulationEarly management of phosphate regulation

ConclusionsConclusions

�� SevelamerSevelamer carbonate is a noncarbonate is a non--absorbable phosphate absorbable phosphate 
binder equivalent to binder equivalent to sevelamersevelamer HClHCl in controlling serum in controlling serum 
phosphorus (availability: tablets & powder formulation)phosphorus (availability: tablets & powder formulation)

�� SevelamerSevelamer carbonate is acid/basecarbonate is acid/base--neutralneutral

�� SevelamerSevelamer carbonate is wellcarbonate is well--tolerated and was tolerated and was 
associated with a significantly lower number of patients associated with a significantly lower number of patients 
with GI adverse events than with GI adverse events than sevelamersevelamer HClHCl

�� Lipid profiles are favorable with Lipid profiles are favorable with sevelamersevelamer carbonate carbonate 
treatmenttreatment

�� SevelamerSevelamer carbonate appears as an safe, effective and carbonate appears as an safe, effective and 
feasible first choice for treatment of feasible first choice for treatment of hyperphosphatemiahyperphosphatemia
in both in both predialysispredialysis and dialysis CKD stagesand dialysis CKD stages

Delmez J, Block G, Robertson J, et al. Clin Nephrol 2007; 68:386-391




