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Why dialysis patients have such a high
risk to develop vascular calcifications ?

Marc E. De Broe , Patrick Dhaese , Geert Behets
University of Antwerp, Belgium

Laboratory of Pathophysiology

Universiteit Norwich november 2010
Antwerpen



PTH secretion, PTH gene expression, parathyroid gland hyperplasia

3. P stimulates PT cells -hyperplasia
Increases pre-proPTH transcription
Increases stability of PTH mRNA

- ?7 «=PO,*
Parathyroid ,
chief cell ‘ Calcimimetics

1,25 (OH),D, 3 «— a2t

Q

CASR cell suface G protein i coupled receptor ;extrac. Ca**
Vitamin D receptor nuclear receptor controlling gene transcription

Uncharacterized phosphate sensor

L

FGF23 is a negative regulator of parathyroid function
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Quarles LD: Kidney Int 68 (S96): S24 -S28, 2005

3532



¢ Sensor e digestif du Phosphore

Evidence for a signaling axis by which
intestinal phosphate rapidly modulates

renal phosphate reabsorption

Theresa Berndt*, Leslie F. Thomas*, Theodore A. Craig*, Stacy Sommer*, Xujian Li*, Eric ). Bergstralht,
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Importance of ionized calcium dependent signaling
Vitamin D dependent pathways play a 2ary role

VDR /i
(Vit D deficiency)
Calcemia ®
Phosphatemia ®®
PTH =
Osteomalacia +
Gland hyperplasia +
Calcitriol - =

Feeding 2% calcium
normalizes everything;
signaling through CaSR is
sufficient to prevent SHPT
and gland hyperplasia in
tissues incapable to

Antwerpen respond to Vit D

laOHase i /i

Q)
®®
+

+

® ®ndetectable

Calcitriol normalizes
everything;
Ca administration almost
everything



Conseqguences of phosphate accumulation in chronic renal failure. SECUNDARY
HYPERPARATHYROIDISM

EffeCt Of_ resorption
Pi retention

FGF23 increase

(RE&P?AT{JRE) Decrease Vit D
PARATHYROID receptors
Decrease in
Casens Rs.

< > 1ahydroxylase\1"

1

—

High phosphate levels due to the phosphate accumulation in renal failure (1)
increase the PTH secretion by the parathyroid glands (2). The resulting
increase in osteoclast activity will raise the phosphate levels further (3). Renal
failure itself, together with increased serum phosphate levels, leads to a
decrease in 1-" hydroxylase activity (4), resulting in reduced 1,25-(OH)2
vitamin D3 levels (5)
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Prevalence of abnormal serum vitamin D, PTH, calcium,
and phosphorus in patients with chronic kidney disease:
Results of the study to evaluate early kidney disease

Median values of 1,25 dihydroxyvitamin D,
25 hydroxyvitamin D, and intact PTH by GFR levels

1,25 Dihydroxyvitamin D5 (pg/ml)
—#- 25 Hydroxyvitamin D (ng/ml)
== |ntact PTH (pg/ml) . W

Prevalence of abnormal serum calcium,
phosphorus, and intact PTH by GFR

O Calcium <8.4 mg/dl
O Phosphorus <4.6 mg/dl
M |ntact PTH =65 pg/ml
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80 79-70 69-60 59-50 49-40 39-30 29-20 <20 GFR level (ml/min)

(n=61) (n=117) (n=230) (n=396) (n=355) (n=358) (n=204) (n=93)

GFR level (mi/min) Early increase of FGF23
Decrease in Vit D receptors No relation to the renal mass
Decrease in Ca sensing receptors Hypocalciuria _
on PTH gland Tendency to hypocalcemia

SECUNDARY HYPERPARATHYROIDISM

Levin A et al, Kidney Int 71: 31 -38, 2007

Intact PTH (pg/ml)




Endocrine functions of bone in mineral metabolism regulation

l Ca®
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Fibroblast growth factor 23

possibly inhibits é

mineralization release from

osteocytes/ PARATHYROID
osteoblasts
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Direct evidence for a causative role of FGF23 in the abnormal renal phoshate handling and vitamin D metabolism in
rats with end-stage CKD
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Hasegawa H et al: Kidney Int: in press 2010



Direct evidence for a causative role of FGF23 in the abnormal renal phoshate handling and vitamin D metabolism in
rats with end-stage CKD
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Hasegawa H et al: Kidney Int: in press 2010




Direct evidence for a causative role of FGF23 in the abnormal renal phoshate handling and vitamin D metabolism in rats with end-stage CKD

O Nomal
@ CKD + vehicle
®m CKD+Ab (1)

B

Fold-increase of Normal
CaNWPdPUDVONDDO

Hasegawa H et al: Kidney Int: in press 2010



Direct and indirect effects of parathyroid hormone on
circulating levels of fibroblast growth factor 23 in vivo

50

0
Sham

P(mgd) 6.3:0.5

b 500

PTX3
P(mg/dl) 6.7+0.6

m FGF23
b gcTR

Plasma fibroblastic growth factor 23 (FGF23) and
calcitriol (CTR) levels after calcitriol administration
PTX0+CTR to parathyroidectomized (PTX) rats

10.4£0.72

m FGF23
OCTR

PTX3-3PTH PTX3-3PTH+CTR

10.1+0.5%

11.0+0.4° Lopez | et al: Kidney Int 80, 475 -480, 2011



Direct and indirect effects of parathyroid hormone on
circulating levels of fibroblast growth factor 23 in vivo

% vs sham

Sham PTX0 PTX1

—— N e G -

Negative control

Klotho

Lopez | et al: Kidney Int 80, 475 -480, 2011



Heparin,
Heparan sulfate

) ( Klotho

FGFR1(llc)

Klotho Is a co-re

Increasing the se
of FGF recept( Signal transduction ~ Signal transduction

FGF23
Urakawa | et al. Nature 444: -770, 774, 2006




Three feedback loops precisely regulating
serum phosphate concentration

g PTH synthesis by
parathyroid cells
- FGF23
8 ‘

FGF23 synthesis |
by bone cells | Plasma and extracellular milieu

(lntestine

-

Phosphate |0

\ 0-P-0
B\ &R

Calcitriol

Calcitriol synthesis
by the kidney

Regulatory mechanisms of phosphate homeostasis

Parathyroid hormone (PTH) and
vitamin D were considered the
major factors regulating
phosphate homeostasis.

Now, with the identification of
fibroblast growth factor 23
(FGF23), a phosphaturic
molecule inhibiting calcitriol
and PTH, they need to be

integrated into three feedback
loops involving parathyroid,

bone, and kidney.

PTH and calcitriol are required
for the appropriate synthesis of

FGF23 by bone

cells.

PTH also regulates klotho
expression in the kidney
and thereby the

phosphaturic actio
FGF23 .

Urefa Torres
Kidney Int 80, 443

n of
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Parathyroid cell resistance to fibroblast growth factor 23 in secondary
hyperparathyroidism of chronic kidney disease

RATS (adenine) Gallitzer H et al: Kidney Int 77: 211 -8, 2009

Depressed expression of Klotho and FGF receptor 1 in
hyperplastic parathyroid glands from uremic patients

MAN (d|aIyS|S) Komaba H et al: Kidney Int 77: 232 -8, 2010

Normal glands Diffuse hyperplasia
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Kumata C et al: JASN 31: 230 -8, 2010




Endocrine functions of bone in mineral metabolism regulation

B
FGF23/Klotho axis
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dependent
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Quarles LD: JCI 118: 3820 -8, 2008



FGF- 23 predicts progression of chronic kidney
disease: the Mild to Moderate Kidney Disease study

FGF23 intact <35 pg/mL
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Renal survival

FGF23 intact >35 pg/mL

18 )

FGF23 c-terminal >104 rU/mL

Kaplan-Meier curves of renal end points in patients with below and
above optimal cutoff of plasma c-terminal (A) FGF23 concentrations
and for intact (B) FGF23 concentrations below and above the median

Fliser D et al: JASN 18: 2600 -2608, 2007 U



FGF 23 and Clinical Nephrology

A FGF 23 early incr. --- normalization Ps
A vitamin D Levels decrease - FGF 23 excess -—- renal mass?

A Postansplanttion hypophosphtemia

A FGF 23 may be a superior marker for disorders of P metabolism related
CVD in CKD

A FGF23 as biomarker of CKD progression
A Dose dependent increase of mortality in CKD patients

A Phosphate binding decrease FGF 23 levels ?

NEJM 359 ,584 ,2008
JASN 18, 2600, 2007
Kidn Intern 69 , 531 ,.2006
Atheros. 2009
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Prevalence of abnormal serum vitamin D, PTH, calcium,
and phosphorus in patients with chronic kidney disease:
Results of the study to evaluate early kidney disease

Median values of 1,25 dihydroxyvitamin D,
25 hydroxyvitamin D, and intact PTH by GFR levels

1,25 Dihydroxyvitamin D5 (pg/ml)
—#- 25 Hydroxyvitamin D (ng/ml)
== |ntact PTH (pg/ml) . W

Prevalence of abnormal serum calcium,
phosphorus, and intact PTH by GFR

O Calcium <8.4 mg/dl
O Phosphorus <4.6 mg/dl
M |ntact PTH =65 pg/ml
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80 79-70 69-60 59-50 49-40 39-30 29-20 <20 GFR level (ml/min)

(n=61) (n=117) (n=230) (n=396) (n=355) (n=358) (n=204) (n=93)

GFR level (mi/min) Early increase of FGF23
Decrease in Vit D receptors No relation to the renal mass
Decrease in Ca sensing receptors Hypocalciuria _
on PTH gland Tendency to hypocalcemia

SECUNDARY HYPERPARATHYROIDISM

Levin A et al, Kidney Int 71: 31 -38, 2007

Intact PTH (pg/ml)




PATIENTS with CKD 3/4/5/ NOT in DIALYSIS

1 Hypocalciuria Is a hallmark of moderate to severe renal
failure .

2 Inadequate renal calcitriol production provides
physiological evidence for impaired intestinal calcium
absorption hence hypocalciuria and modest
hypocalcemia In untreated patients with CKD 3/4/5/
Arch Int Med 1969

3 Secundary hyperparathyroidism

A Patients in CKD 4 -5 NOT yet in dialysis have a negative
Ca2+ balance If no treatment with Vit D-and calcium
containing phoesphate binders ' .| Universiteit

Antwerpen

A Lack of good metabolic studies in CKD



Kidney Bone Disease
What happens when the kidney fails?

V Progression of kidney damage >> mineral metabolism

0

©O O O O

Bone histology in ESRF

Concept of calcium loading in CKD

Non - calcium containing phosphate binders
Lanthanum: a safe phosphate binder?

Lanthanum and the calcium loading concept

Universiteit Antwerpen




Classification of renal
osteodystrophy

Osteitis fibrosa
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Summary of, published prevalences (%) of different types of: ROD over. the
years in dialysis patients

Reference (et al

Type of
patients

Index of Al
presence

Prevalence

Normal Osteanal.

OF/Mixed

Sherrard, 1972

HD

24%

67%/9%

Liach, 1986

HD

Major. of OM
& ABD

25%

68%

Salusky, 1988

CAPD
(children)

23%

9

64%/0%

Moriniere, 1989

HD

9.5%

0

76%

Maluche, 1992

HD+CAPD

56.4%
62.2%

27%I153%
22%/56%

Sherrard, 1993

15%
25%

50%/11%
30%/4%

Torres, 1995

44%][12%
32%/10%

Couttenye, 1996

20%20%

Coen, 1998

56%/22%

Canavese, 1998

36%/37%

Sanchez, 2000

37%

Gerakis, 2000

64%/10%

Changsiriku
chai, 2001

30%/25%

Ballanti, 2001

43%/24%

GS Spasovski, PhD thesis, University of Skopje, Macedonia, 2002




Serbia s Montemgro husen aszerted Dw Sanmotion of ¥
npandunt state. it this entity hos et boan formaly

' ';épective unselected bone
fopsy study of all pre-dialysis
ents over 9 months

Mixed bone
lesion: Normal
n=15 (17.9%) r~ histology
/ n=32(38.1%)
cevge Hyperpara-
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h (~ ,Swodol thyroidism —
\()?/u/ ‘
,, Polik n=8 (950/0)

T P[ft]/;fa emenica_ Brod
. hmbokgge Dr?gos 2
- Osteomalacia |
Feie Cn=10(11.9%)
Adynamic bone
n=19 (22.6%)
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P
\~

Spasovski GB et al, Neprol Dial Transplant, 2003
Bervoets A et al: Am J Kidney Dis, 2003




Evolution of renal osteodystrophy

O Hyperparathyroid bone disease
® Mixed uraemic lesion

0 Low-turnover osteomalacia

W Adynamic bone disease
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Malluche et al., Nephrol Dial Transplant 2004



Kidney Bone Disease
What happens when the kidney fails?

V' Progression of kidney damage >> mineral metabolism
V' Bone histology in ESRF

U Concept of calcium loading in CKD

O Non-calcium containing phosphate binders

O Lanthanum: a safe phosphate binder?
0]

Lanthanum and the calcium loading concept

Universiteit Antwerpen




CALCIUM LOAD: int END'STAGE RENAL EAILURE PATIENTS

ANO renal ffruncti-on,; bl ack- - bo)>
AAdministration of Vitamin D

AUse of Calcium containing Phospate binders (8 1
15 mEqg/ dialysis day)

AUse of non calcium containing Phosphate binders

Acalcium load through dralysate

A peritoneal dialysis (2.51 3.0 mEqg/l/ serum.iCa
1.8- 2.5 mEQg/l)

G Universiteit
Antwélpen .
ﬁp Drat



Calciumiabsorption across epithelia

Mechanism of epithelial Ca?* transport

F C 2+ -

Transcellular
o (Transcellular )

protein synthesis

Free [Ca?*]
=100 nM

Ca?*-calbindin-D

4 o
Paracellular
@ e \_ "7

Lumen 7& Lr;)tae(l:':titial

m\pederoRJG et al: Physiol Rev 85: 373-422, 2005 Calcium Sensing receptor
Antwerpen

e
Free [Ca’*]
=1.2mM




Short -term effects of vitamin D receptor activation on serum
creatinine, creatinine generation, and glomerular filtration rate

9.4
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}/ﬁ

/

= A

Urine Ca (mg/d)

Serum Ca (mg/dL)
9.2
|
100
|

9
L

(.032-.076) (7.2-13.3)
p<0.001 p<0.001

I
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|
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|
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-3-2-101234567 121314
Days

Agarwal R et al: Kidney Int 2011 (In press)




CALCIUM LOAD: int END'STAGE RENAL EAILURE PATIENTS

ANo renal function
AAdministration of Vitamin D

AUse of Calcium containing Phospate binders (8 1
15 mEqg/ dialysis day)

AUse of non calcium containing Phosphate binders

Acalcium load through dralysate

A peritoneal dialysis (2.51 3.0 mEqg/l/ serum.iCa
1.8- 2.5 mEQg/l)

G Universiteit
Antwélpen .
ﬁp Drat



Bone

Nf Effect of phosphate

Resorption of P and Ca

Formation
210 mg/d

Gl intake : A ] i .. . . .
1400 mg/d Digestive juice U Bone Demineralization
phosphorus
Phg)_ ate< ) U Osteomalacia
& 210 mg/d 1S
Foldes J et al: Bone 12: 67-71, 1991
>
|/“
Absorption of Ca =1 =
l ] LA ] DIALYSIS PATIENT
X A .Y,
=< I =
\"‘.',"“

Excretion of P = =

AN AN

490 mg/d




Aluminum gels in'the management of renaliphosphatic calculi

Amphojel® Basaljel® Basaljel®  RC QAge 35
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. mg/day  +600}
Urinapy

+800

phosphorus panics
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5

©000 00 00 00 0OOO0000 O
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25 : mg/daoy 0
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Antwerpen

U_Uni\rersiteit Lotz M et al: New Engl J Med 278: 4605, 1968



Effect of manipulating serum phosphorus with phosphate binder,on circulating
PTH and EGE23 in renal failure rats
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Serum phosphorus (mg/dl)
[o+]
Serum calcium (mg/dl)

@) normal control

A disease control o[ Adenine Aderine

A 1% sevelamer -30 -20 -10 0 10 20 30 40 50 20 -10 0 10 20 30 40 50
14

=3

B 3% sevelamer

12

Serum phosphorus (mg/dl)
Serum calcium (mg/dl)

[ pame | B

T

Nagano N et o el -30 -20 -10

K'qney Int Effects of (a) continuous and (b) intermittent treatment with
|; g%ﬁ%{gg 2006 sevelamer on serum phosphorus (left) and calcium (right) levels
Antwerpen




CALCIUM LOAD: int END'STAGE RENAL EAILURE PATIENTS

ANo renal function
AAdministration of Vitamin D

AUse of Calcium containing Phospate binders (8 1
15 mEqg/ dialysis day)

AUse of non calcium containing Phosphate binders

Acalcium load through dralysate

A peritoneal dialysis (2.51 3.0 mEqg/l/ serum.iCa
1.8- 2.5 mEQg/l)

G Universiteit
Antwélpen .
ﬁp Drat



Adynamic Bone Disease

Al + Fe® VitD VDR poly- VDR expression

Better Pi
ofe]plife] ~—

Diabetes ——>

Age 7

Malnour- Ca receptor

treatm. morphism
Mg++ \ \ / /

Relative
hypopara-
thyroidism

/

ishment  expression /

Universiteit
Antwerpen

Extracellular Ca**

Downregulation
osteoblastic

PTH receptor Blalieiee

Older age

N

Male gender

\

Decreased BFR

Ca loading
(CaCOg/peritoneal dialysis)

Uremic toxins

Growth factors

Al + Fe®

w

Vit.D treatment

Couttenye MM et al: Kidney Int 56, S70, 1999

2080



Magnitude and impact of abnormal mineral metabolism
In hemodialysis patients in the Dialysis Outcomes and
Practice Patterns Study (DOPPS)

R}

Overall Distribution of Mineral Metabolism Laboratory Values by Time (DOPPS | and DOPPS Il)
DOPPS | (1999) DOPPS Il (2003)

Measurement (n,/ny,)

PTH (pg/mL) (n,/n, = 5,439/4,261)
PTH >300 PTH >300
25.7% 26.3%

PTH <150
52.9%

Serum phosphorus (mg/dL) (n,/n, = \ PTH 150-300 | PTH 150-300
21.4% \ 0 |
26.2%

Serum calciumy, (mg/dL) (n,/n, = 6, | PTH <150

47.5%

PTH in pg/ml

Young EW et al: AJKD 44: S34  -S38, 2004 &



Diagnosis of
adynamic bone
disease in
hemodialysis
patients

OoC
¢14 ng/ml

(o))
o

IPTH
¢150 pg/ml
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40
100-Specificity (%)

Universiteit
Antwerpen




Arterial calcifications and bone histomorphometry in ESRD

PTH (pg/ml)
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Osteoblast surface (%)

oy

0 1 2 3
Arterial calcification score

Universiteit
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Arterial calcification score

Therapeutic intenventions associated with

EXCESSIVE IoWering of parathyroid activity.

(parathyroidectemy, EXCESSIVE calcium or
aluminum'load) favoer Iowerbone
turnever andradynamic bone
disease, which could influence the
development and progression of
artenal calcification.

London GM et al, JASN 15: 1943  -1951, 2004

3604



Association effbene activity, calcium
load, aortic stiffness and
calcifications in ESRD

Aortic calcification score

Correlations ( n = 66) between
double tetracycline 1 labeled
surfaces and abdominal aortic
calcification score or aortic PWV.
A adynamic bone

I active bone

g
>
b
2
=
T
>
4
=
=
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=
="
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e
)
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6 9 12 15 18 21 24
Double tetracycline labeled surfaces (%)

London GM et al; JASN 19: 1827 -1835, 2008
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Evidence for.abnormal calcium hemeostasis in patients with adynamic

bone disease

Plasma calcium efflux Calcium accretion rate, g Ca/day

[ 10.0
©

3.0
2.0

3
2

1.5

1.0

L ) — - .

LTBD MUO PHBD

LTBD: low turnover bone disease
MUO: mixed uremic osteodystrophy.

:
-

£

A

LTBD MUO PHBD
Histologic groups

l ' I—@Rgglrt%gominant hyperparathyroid bone disease

Antwerpen

Calcium retention, %

100

80

60

40

LTBD MUO PHBD

Kurz P et al: Kidney Int

46: 855 -861, 1994




Risk of Death by Quarterly Varying PTH

ime-dependent model with repeated measures

=¥ Fully adjusted model

15

All Cause Death Hazard Ratio

0.9

300to 400to 500to 600to 2700
399.9 499.9 599.9 699.9 R
[ )(» tla

Serum Intact PTH (pg/mL)

<100 100t

Kalantar-Zadeh et al, 199.
Kidney Int, 2006 Aug

Clinical Research



Association between very low PTH levels and
poor survival rates in hemodialysis patients:
Results from the French ARNOS cohort

PTH =50 pg/mil
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A

PTH <50 pg/ml

0 20 30
Number at risk: Time (months)

PTH =50 1,019 710 614
PTH <50 119 88 73

42 - month survival curve acc. to the baseline
serum PTH levels adjusted for age, dialysis
vintage, gender and diabetes

Jean G et al: Nephron Clin Pract 2010 (In Press) l}



Arterial media calcification in ESRD: impact on all-cause and cardiovascular mortality

NC no calcification
AMC Arterial media calcificatin
AIC Arterial intima calcification

>
>

— NC 7

by |

| S AMC

Y
\---— AN“.' ]

e
~
-
.e
e

Matched for
£*=10.8;P<0.001 duration of HD

All-cause survival
All-cause survival

@
(10}

\,

o o om = AMC

Free of common
11=14.9; P<0.001 carotid artery
calcified plagues

(34.9:<0.0001

All-cause survival

Cardiovascular Survival

25 50 : ' 25 50 75
Time (months) Time (months)

London GM et al: Nephrol Dial Transplant 18: 178440, 2003




Both Forms of Osteodystrophy in CKD
Contribute to Hyperphosphatemia

Low Turnover Osteodystrophy High Turnover Osteodystrophy

i PTH I PTH

Calcium Calcium (_

Phosphorus Phosphorus(—

| tissues |




Atherosclerosi$ intimal Medial calcifications
Plague calcification Monckeberg mediacalcosis




Cell biology of uremia-related vascular calcificati_

Transdifferentiation of vascular smooth
muscle cells to an osteoblast phenotype

Alkaline
phosphatase

@ ®

o

Ca-binding
Proteins

\E} Pi 7 Hyperphosphatemia

<«————Hypercalcemia

Matrix vesicles

X Apoptosis

Collagen-rich matrix

Steitz, Circ Res 2001; Giachelli, Kidney Int, 2003

; Yang, Kidney Int 2004, K | 75 /890/2009, phosphonormic acid,Pit ko



Physiopathological

Contractile
VSMC

Apoptosis .-

Reynolds JL et al: Schlieper G et al:
JASN 15: 2857-67, 2004 JASN 21: 689-696, 2010

mechanisms of vascular calcification

Renal failure/dialysis:
Pi retention
Ca** overload

Loss/decrease of inhibitors

Ca**| Extracellular
Pi Jnanocrystal

formation "< Endocytosis

Vesicle release

@ O O "shedding"

Induction of apoptosis and/or osteogenic
differentiation of neighbouring cells

www.pathophysiology.be

Hyperphosphatemia
Calcium load

Na

Phosphcal/\-)‘

vesicle

OctaCaP




Ultrastructural analysis of vascular calcifications in uremia

Microcalcifications in
uremic arteries, located
extracellularly in

the vicinity of collagen
and vesicular structures.

N

(A) Undecalcified arterial
samples: small
mineralization foci

of variable size (black
arrows) near collagen fibrils
(light blue staining, white
arrows) (LM, Von Kossa).

(B) VSMC surrounded by
multiple small mineralization
foci (black arrows) in the
extracellular matrix. The
white arrows indicate
collagen fibrils (TEM).

(C) Mineralization foci (black
solid arrows) in the vicinity of

vesicular structures
(black dashed arrows) and

collagen fibrils (white
arrows).

(D through F) Mineralization
Aachen,Antwerp,Erlangen,Montreal, foci in the extracellular

Schlieper G et al JASN,21,689,2010 matrix (TEM). - U.



Vascular events in healthy olderwemen receiving calcium
supplementation: randomised controlled trial

Calcium group (732 women)

=== Placebo group (739 women)
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24 30 36 42 48 54 60

Time to first myocardial infarction (months)

Calcium supplementation in healthy postmenopausal women is
associated with upward trends in cardiovascular event rates.
This potentially detrimental effect should be balanced against
the likely benefits of calcium on bone

Bolland MJ et al: BMJ 2009

Universiteit
Antwerpen



CALCIUM LOAD in DIALYSIS PATIENTS

A Increase in serum calcium I lonized calcium

A Decrease in PTH secretion ,relative hypoparathyroidism
A Low bone turn over

A Less Incorporation of calcium in bone

A Higher risk for development of vascular calcifications

EFFICIENT PHOSPHATE BINDING
AVOID EXCESIVE CALCIUM LOAD

www.pathophysiology.be

R}




How to Limit Calcium Load in Dialysis Patients

A Limited use of calcium containing phosphate binders
A KDIGO guidelines

A Avoid the development of adynamic bone disease
A follow up of PTH (more 150  -200pg/ml) and bone ALP

A Decrease calcium concentration of dialysis fluids. Below

A 3.0 mEQg/L if calcium containing P binders and Vit D are
used

A Non- calcium - containing P binders

A Monitoring serum ionized calcium

www.pathophysiology.be

R}




Chronic Kidney Disease

CKD3 1T 41 5

Hyperphosphatemia +

Vitamin D insufficiency/deficiency
Hypocalcemia +
Hypocalciuria ++

PTH +/++

FGF23 +/++
Vascular

calcifications 0/+

CKD5 D

+++

deficiency

+
irrelevant

+++
(35 -40% PTH+)

+++
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Kidney Bone Disease
What happens when the kidney fails?

Progression of kidney damage >> mineral metabolism
Bone histology in ESRF

Concept of calcium loading in CKD

Non - calcium containing phosphate binders

Lanthanum: a safe phosphate binder?

0o 0 < <<

Lanthanum and the calcium loading concept

Universiteit Antwerpen
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TonellN Engll Med 2010;362:133124.

Table 1. Common Drug Interactions and Adverse Events with Phosphate Binders.

Drug* Interaction

Sevelamer hydrochloride
(Renagel) and sevelamer
carbonate (Renvela)

Lanthanum (Fosrenol)

Calcium carbonate (Tums,
Os-Cal, Caltrate) and cal-
cium acetate (Phoslo,
Eliphos)

Interference with absorption of aspirin,
digoxin, isoniazid, quinolone, and
tetracycline®*

Magnesium hydroxide
(Milk of Magnesia) and
magnesium carbonate
(Gavisconf)

Impaired absorption of oral iron*®

Adverse Effects|

Gastrointestinal effects (nausea, vomiting, abdominal pain, bloating,
diarrhea, and constipation) in 38% of patients (3.3-67)3

Hypercalcemia in 13% of patients (0—22)3%3%37:42

Metabolic acidosis in 34% of patients**}

Peritonitis in 11% of patients3?

Gastrointestinal effects (nausea, vomiting, diarrhea, constipation,
and dyspepsia) in 8% of patients (1.4-53)***!

Hypercalcemia in 6% of patients (0.0-6)***%32

Muscular cramping in 7% of patients**

Peripheral edema in 24% of patients®?

Myalgia in 21% of patients®?

Peritonitis in 4% of patients*

Gastrointestinal effects (nausea, vomiting, diarrhea, constipation,
and epigastralgia) in 22% of patients (3.8—49)3%:37:42,51,55,56

Hypercalcemia in 10% of patients (12-54)3%3337:42:44,33,52,57

Peritonitis in 4% of patients®”

Pruritus in 10% of patients®®

Xerostomia in 12% of patients®®

Muscle cramping in 6% of patients**

Gastrointestinal effects (diarrhea and constipation) in 20%
of patients (4-35)**°
Hypermagnesemia in 4% of patients*®




Sevelamer attenuates the progression of coronary
and aortic calcification in hemodialysis patients

B sevelamer
|| calcium

14%%*

A coronary artery calc.

Baseline characteristics Sevelamer Calcium
(N=299) (N =101) P value

Age years (mean = SD) 5714 56=16 0.88
Sex % female 36% 34% 0.77
Race

Black 17% 23% 0.34

White 71% 66%

Other 12% 11%
Diabetes % 32% 33% 1.0
Hypertension % 86% 83% 0.70
Smoker % 3% 8% 0.21
Primary Cause of ESRD %

Hypertension 16% 17% 0.66

Glomerulonephritis 26% 16%

Diabetes 23% 28%

Polycystic kidney disease 9% 11%

Other 26% 28%
Dialysis vintage years, median 3.6 29
Phosphate binder use prior to

study entry %

Calcium carbonate 38% 44%

Calcium acetate 33% 36%

Calcium + aluminum 14% 13%

Sevelamer 3% 1%

Other combinations 12% 6% i i i
Vitamin D usage at study entry 56% 59% § Change in _calcn‘lcatlon =Sbolizs
from baseline to weeks 26 and 52
in pt with score>30 at baseline

Median percent change

B aortic calc.

24%%

Median percent change

Compared with calcium-based phosphate binders,
sevelamer is less likely to cause hypercalcemia, low Chertow GM et al:
levels of PTH, and progressive coronary and aortic Midlneyy It G2 2428, 2007
calcification in hemodialysis patients ,Rind study 2007

2950



Metals and the kidney:

a relationship of love and hate




Effect of lanthanum carbonate on adenine induced vascular calcification
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Non calcium containing phosphate binders

Renagel (n=172) Lanthanum (n= 682 La, n=677 controls)

@® Lanthanum carbonate

O Standard therapy
mainly calcium carbonate

Serum phosphorus, mg/di

Serum P

Serum phosphate (mg/dL)

1 L}
14 26
Y
Study week Study month

Time, weeks

Sevelamer

-
@ O
o O
o O

W

@® Lanthanum carbonate

Serum PTH (ng/L)

Calcium

Serum PTH

O Standard therapy

Serum PTH (pg/ml)

N N N N |

3 4 5 6 7 8 L
Time (months) s Study week Study month
Slatopolsky EA et al: Kidney Int 55: 29807, 1999 Finn WF et al: Clin Nephrol 65: 19202, 2006




Treatment of hyperphosphatemiain hemodialysis patients:
The Calcium Acetate Renagel Evaluation (CARE Study)
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Qunibi WY et al: Kidney Int 65: 19149 Calcium acetate Sevelamer HCI




Renal mineral handling in
normal rats treated with
sevelamer HCI; a non-
calcemic phosphate binder

Creatinine clearance (ml/min) Fractional excretion of Ca (%)

Nagano N et al:
Nephron 89: 32328, 2001
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Normal 03%  10%  80%  50% Normal 03%  10%  30%  50%
i S, R e - ] P
diet Sevelamer d

Sevelamer
Effects of sevelamer treatment

for 8 days on creatinine Fractional excretion of P (%) Fractional excretion of Mg (%)
clearance, FEp, FEc, and FE,,

11|

0.3 % 1.0 % 3.0 % 5. Normal 083% 1.0 % 3.0 % 50 %

~ Sevelamer diet

Sevelamer
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Phase 2 study in predialysis CKD:
Fosrenol vs. Placebo (shire spp 405-206)
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FOSRENOL (baseline P: 20.9 + 1.50 mmol/24 h [836 + 60 mg/24 h]) FOSRENOL (baseline Ca: 1.01 £ 0.05 mmol/24 h [31.4 £+ 6.1 mg/24 h])
Placebo (baseline P: 19.6 £ 1.72 mmol/24 h [784 + 69 mg/24 h]) Placebo (baseline Ca: 0.94 £ 0.17 mmol/24 h [29.3 £ 5.2 mg/24 h])




Mechanism of epithelial Ca?* transport ,

Calcium absorption across epithelia

@
Free [Ca2*] Free [Ca?*]
r + i
®1:2310H283 .

. T 0 0 =
=1 5 )

U PMCA1b
by A '&‘-
a A
® T Paracellular |

Interstitial
Lumen za space

Hoenderop JG et al: Physiol Rev 85: 373-422, 2005 Calcium sensing receptor

Ca?*-calbindin-D




Molecular identification of the apical Ca?* channel in 1,25-dihydroxyvitamin D,-

responsive epithelia*

m—h
S 3

Hoenderop JG et al: J Biol Chem
274:8375 8378, 1999
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Functional characterization La Cd MnBa Mg Sr

of the epithelial Ca?* channel
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Calcium balance study in rats receiving non-calcium-containing P binders

Metabolic cages

Metabolic cages Metabolic cages

(Groups A only)
|

Calcium carbonate
>

Vehicle
T T T T T T T

| L}
16 17 18 19 20 21 22 23

11 12 13 14 15

AAAAAAALAA RN

| Group 4 A: N=6

-3 -2 -1 0

| | | | | | | |
5 -4 1 2 3 4
Urine & Faeces Collection ‘ 4 ‘ ‘

(groups A only)

Calcium carbonate

Vehicle

L} | | | L} | | | l>
10 11 12 13 14 15 16 17 18 19 20 21 22 23

AAAAAAAAAAAS

| Group 4 B: N=10

| Group 5 B: N=5
T T

|
| | | | | | | | | |
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Serum ionised Ca levels

~_— Control
~@— Cellulose
—@— Calcium
@ Sevelamer
—0— Lanthanum
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Total calcium in serum not signif. different Behets G et al, 2008



Serum PTH
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B Cellulose
B Calcium

B Sevelamer
O Lanthanum

Base-Line After Treatment

After Wash-Out

Behets G et al, 2008



Serum ionised Ca levels
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a:La vs Sevelamer:p < 0.05

b:La vs Sevelamer, Calcium, Control: p < 0.05

Renal failure animals (5/6th nephrectomy)

Daily treatment by oral gavage (1000 mg/kg/day)
8 days of treatment, 6 days follow-up

N=10 animals per group

Balance study in
human volunteers

—/— Lanthanum Carbonate
—— Sevelamer

—— Calcium Carbonate
—8— Cellulose



Area under curve per time point of calciuria

Treatment
—/— Lanthanum
—{— Sevelamer
{1 —&— Calcium
—&— Vehicle
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*. p <0.05 Lanthanumyvs Vehicle
0: p <0.05 Sevelamer vs Vehicle
#: p <0.05 Calciumvs Vehicle

Balance study in human volunteers . 26% difference in Calcium absortion between
Two non calcium containing P binders




Comparative study on the absorption of dietary phosphorus in healthy subjects after a
single dose of lanthanum carbonate (1000mg) and a single dose of sevelamer
carbonate (2400 mg)

Table 7: Analysis of Net Calcium Absorption after Lanthanum Carbonate and
Sevelamer Carbonate (Pharmacodynamic Set)

Lanthanum Carbonate Sevelamer Carbonate
Net Calcium Absorption (mg) (N=18) (N=18)

N 18 18
Mean (SE) 49.2 (11.16) 70.4 (11.09)
Median 41.41 55.62

Min, Max 435, 135.6 13.9, 156.4

LS Mean (SE)? 49.46 (10.480) 70.13 (10.450)
95% Cl of the LS Mean (28.11, 70.80) (48.85, 91.42)

Difference between the LS Means® -20.67
95% CI of the Difference (-41.22, -0.13)
p-value 0.049

* Net calcium absorption was analyzed using a mixed effect linear model with sequence group, period, and
treatment regimen as fixed effects, and subject within sequence as a random effect.

P This is the LS mean of lanthanum carbonate minus the LS mean of sevelamer carbonate.

Shire Clinical Study report SPD 405-128




Incidence of hypercalcaemia
based on a recent literature
survey
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Treatment of CKD 1 MBD targeted at lowering high serum
phosphorus and maintaining serum calcium

A CKD stage 5D:
dialysate calcium concentration between 1.25 and 1.50
mmol/l (2.5 and 3.0 mEq/l) (2D)

R}

A lonized calcium in serum 1.8 -2.5mEqg/l 1.1 -1.25mMol/L

A ckD stages 3 1 5D and hyperphosphatemia:

- restrict the dose of calcium - based phosphate
binders and/or the dose of calcitriol or vitamin D
analog in the presence of persistent or recurrent
hypercalcemia (1B).

- restrict the dose of calcium - based phosphate
binders
In the presence of arterial calcification (2C) and/or
adynamic bone disease (2C)

Kidney Int 76: S50
www.pathophysiology.be

-S99, 2009 w



Chronic Kidney Disease

CKD3 1T 41 5

Hyperphosphatemia +

Vitamin D insufficiency/deficiency
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Comparison of alfacalcidol and paricalcitol for treatment of

secondary hyperparathyroidism in hemodialysis patients.
A randomised cross -over study

Assessed for eligibility (n= 133)
Wiritten informed consent

Participants flow
through the study

Excluded after 6 weeks wash out (n=47)
[ Enroliment J ¢ Not l:eemlgo:”m;t;ﬂinz ;riteria (n=31)
o High phosphate=4
¢+ Exclusion (n=8)
o Malignancy=7
o One year survival not expected=1
¢ Other reasons (n=8)
1 o Transplantation=1
o Death=3
o Failed to wash out=2
e Withdrawn consent=2

: Treatment periods
Randomized (n=86)

T and treatment arms

( \ Period 1 Period 2
Y v
] o L Allocation fr—— : Alfacalcidol Paricalcitol
Alfacalcidol-Paricalcitol Paricalcitol-Alfacalcidol Week G-22 Week 28-44
Allocated to intervention (n=41) Allocated to intervention (n=45) \
¢ ‘ Wash Out 1 Wash Out 2
Week 0-6 Week 22-28
Discontinued intervention (n=7) during Discontinued intervention (n=8) during
e Alfacalcidol (n=3) o Paricalcitol (n=3) e ales / facalet
o Withdrawn consent=2 1 o Transplantation=1 P‘:mf‘l(_',t ‘;)l A!‘ K,‘ ‘,l,“flul
S Megranont Follow-Up S il N Week 6-22 Week 28-44
*  Washoul period 2 (n=3) *  Washout period2 (n=1)
o  Transplantation=1 o Death n=1
o Death=1 s Alfacalcidol (n=4)
o Withdrawn consent=1 o Transplantation=3
*  Paricalcitol (n=1) o Death=1
o Withdrawn consent=1
l [ Analysis ] l
Analysed Analysed
e cross-over{n=34) e cross-over (n=37) Hansen D et al:
o period 1 (n=38) o period 1 (n=42) Kidney Int 2011 (In press) l}




Comparison of alfacalcidol and paricalcitol for treatment of
secondary hyperparathyroidism in hemodialysis patients.

A randomised cross -over study

A Alfacalcidol -Paricalcitol (AP) n=34

[J Paricalcitol -Alfacalcidol (PA) n=37
Week 0 -6 and week 22 -28 were wash out
periods.

700 -

600

500 -

mean iPTH pg/ml (SEM)
mean ionized calcium mmol/l(SEM)

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44

time (week)

mean phosphate mmol/l (SEM)

mean iPTH reduction (SEM)

*P<0.05, unpairedt  -test.
Comparison with baseline
(week 6 in period 1 and week
28 in period 2)

AP<0.05, paired t  -test for both 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44
AP and PA group. time (week)

#P<0.05, pairedt  -test AP -group ]

i P<0.05, pestiPA egrbupt Hansen D et al: Kidney Int 2011 (In press)
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Impact of hypovitaminosis D and alfacalcidol
therapy on survival of hemodialysis patients:
Results from the French ARNOS study

— 1: <12 ng/ml
2:12-18 ng/ml
- 3:18-32 ng/ml
S _ 4:>32 ng/ml
Pl ;
™ " (13
i

m— 25-OH-D <18 ng/ml
25-OH-D =18 ng/ml
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42 - month survival (Kaplan - Meier)
acc. to the serum 25 -OHD quatrtile

0 10 20 30

Time (months)
Number of patients at risk

Group 1: 324 264 217 192
Group 2: 324 275 225 197

42 -month survival (Kaplan  -Meier) acc. to

the serum 25 -OHD median level (18 ng/ml)
Jean G et al: Nephron Clin Pract 2010 (In Press) l I
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1

M3 Mo M1 M M9 M5

Fig. 2. Evolution of 1. 25(OH)2D serum levels (Box plot). **P < 0.001
with baseline, 'P < 0.05 with the previous value.

M3

Fig. 1. Evolution of 25(OH)D serum levels (Box plot). **P < 0.001 with
baseline, {2 < 0.05 with the previous value.

Mo M3 M M15

Table 2. Changes in vitamin D and mineral metabolism parameters

Months M-3 MO Ml M3 M9 M15

25(OH)D (nmol/L) (range) 31+ 11 (3-55) 32 + 13 (7-56) 68.3 £ 19 (30-130y**T 977 +£28 (45-198)**T  105.7 & 28 (49-190)**  105.8 27 (52-192)**
% 25(0OH)D > 75 nmol/L 0 0 46+t goxnt 88+ 91%*

1,25(0H), D (pmol/L) (range) 14 + 14 (4-56) 13.7 + 14 (4-55) 238+ 14 (4—70{**'t 30.7 + 14 (4-82)=1 492+ 17 (13-88)*1 45+ 13 (21-86)*
PTH (pg/mL) (median, inter-quartile range) 294 (180-435) 295 (190-450) 249 (158-378)* 220 (113-300)* 200 (145-280)* 190 (110-273)*

BALP (jLg/L) (range) 21 + 10 (6-45) 20.5 £ 9 (7-41) 18.7 £ 9 (6-37) 16.5 = 6 (6-35)*1 17 + 6 (8-35)° 17.1 + 7 (6-35)*
B-cross-laps (jLg/L) (range) 2.5+ 1(0.8-6) 2.5+ 1(0.9-5) 227+ 1(0.6-5) 2.1 £ 1(0.64.8)%1 2.05 + 0.8 (0.7-4.2)* 2.07 £ 0.8 (0.5-4.1)*
Calcaemia (mmol/L) (range) 227+0.14(1.9-2.53)  224+0.12(2-2.5) 228 +0.1(2-2.53) 228 £0.1 (2-2.5) 225+0.1(2-2.53) 2.25 4 0.1 (2-2.58)
Phosphataemia (mmol/L) (range) 1.34 %+ 0.3 (0.8-2.2) 1.32 4+ 0.3 (0.8-2) 1.36 + 0.3 (0.7-2.3) 133+ 0.3 (0.7-1.9) 136 + 0.3 (0.8-1.9) 1.31 + 0.3 (0.8-2.1)

*P < 0.05, *P < 0.001 with the previous value, TP < 0.05 with the baseline value.
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PARATHYROIDECTOMY in CKD5D

A Very elevated iPTH levels
A Vit D treatment resulting in bouts of hypercalcemia
A Cinacalcet treatment iInadequate

A Al glands have to be found (!!)

A Storage of PTH material for later implantation




Sevelamer attenuates the progression of coronary
and aortic calcification in hemodialysis patients

W s . e
A coronary artery calc. D59

B sevelamer
[] calcium

Baseline characteristics Sevelamer Calcium
(N=99) (N=101) P value

Age years (mean = SD) 5714 56=16 0.88
Sex % female 36% 34% 0.77
Race

Black 17% 23% 0.34

White 71% 66%

Other 12% 11%
Diabetes % 32% 33% 1.0
Hypertension % 86% 83% 0.70
Smoker % 3% 8% 0.21
Primary Cause of ESRD %

Hypertension 16% 17% 0.66

Glomerulonephritis 26% 16%

Diabetes 23% 28%

Polycystic kidney disease 9% 11%

Other 26% 28%
Dialysis vintage years, median 3.6 29
Phosphate binder use prior to

study entry %

Calcium carbonate 38% 44%

Calcium acetate 33% 36%

Calcium + aluminum 14% 13%

Sevelamer 3% 1%

Other combinations 12% 6% i i i
Vitamin D usage at study entry 56% 59% § Change in -Ca|CIfICB.'[I0n SEolies
from baseline to weeks 26 and 52
in pt with score>30 at baseline
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Compared with calcium-based phosphate binders,
sevelamer is less likely to cause hypercalcemia;.low Chertow GM et al:
levels of PTH, and progressivescoronary and aortic Nl o e, 200
calcification in hemodialysis patients ,Rind study 2&8
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Figure 3. Median percentage of change in coronary
artery calcium (CAC) scores from baseline to months 6
and 12 in patients with scores of 30 or higher at baseline
and 95% confidence interval (Cl) for the between-group

difference (calcium acetate to sevelamer) in median per-
centage of change.




Potential therapies that indirectly and directly target
vascular calcification

Treatment of hyperparathyroidism
Phosphate binders, calcimimetics, vit D

APyrophosphate , bisphosphonates
A vitamin K
AThiosquhate

A Matrix gla protein , Bone morphogenic protein
7,0steopontin

AAcidosis




Effect of zoledronic acid in different experimental models of renal osteodystrophy
Perspectives in vivo research

v v

Experimental studies Patient studies
v v v l
Warfarine Vitamin D Adenine :
- : . emig-r el at ed
induced VC Z |l nduced VCnduced \}J

_ ashilf& her.Apher.Dial., 2005
Price Price PA, et al., J.Nutr., 2001 Price PA, et al., Kidney Int., 2006 Hashibaher.Apher.Dial., 2006
Arterioscler.Thromb.Vasc.Biol., 2001
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25% protein 2.5% protein 2.5% protein +
Ibandronate

Mechanism of action?

Alndirect effect: inhibition-of bone formation , pharmacokinetics!!!
ADirect effect on the vascular wall?




Treatment of uremic vascular calcification with

pyrophosphate

Single subcutaneous
i njection of

sodium pyrophosphate
in three different rats

Single intraperitoneal
injections of 0.026
Omol es/ kg

symbols) or 2.6
umoles/kg (open
symbols) sodium
pyrophosphate

(

Effect of pyrophosphate

R}

on aortic calcium
content in uremic rats

Incorporation of Pi
in apatite crystals is blocked

O6 Nei | | W et al : Hr



