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Vitamin D deficiency

Metabolism of 25-Hydroxy-
vitamin D to 1,25-Dihydroxy-
vitamin D for Nonskeletal
Functions

Holick MF: NEJM 357: 266-281, 2007
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Normal phosphate
homeostasis

Gastrointestinal
intake
1400 mg/d

Formation Resorption
250 mg/d 250 mg/d

Phosphate pool | o | soft tissue

o). Reabsorption
\/ 21\, 8100 mg/d

) PTH
V) <O Do [FGF23
A @

Fecal excretion Urinary excretion
500 mg/day 900 mg/d

Behets G, PhD thesis, 2005
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Average daily calcium
turnover in human

Calcium load in dialysis:
10-15 meqg/d (400-600 mg/d)
when using Ca containing P binders

The rate of active Ca2* reabsorption
is controlled by the calciotropic
hormones, i.e. parathyroid hormone,
calcitonin and 1,25-dihydroxyvitamin
D3.

Calcitonin

Gastrointestinal

PTH

Vitamin D,

intake Formation Resorption
1000 mg/d 500 mg/d v 500 mg/d

D
Secretion

j 150 mg/d

!

/\7 Absorption
350 mg/d

Fecal excretion
800 mg/day

Rapidly
exchangeable pool
49

Extracellular fluid

19

soft
tissues

Vitamin D, Filtration " | i Reabsorption
8000 mg/d 7800 mg/d

PTH

Calcitonin
Vitamin D,
Calcimimetics

Urinary excretion
150-250 mg/d




Calcium absorption across epithelia

Mechanism of epithelial Ca?* transport
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Average daily calcium Bone Ca

turnover in human 1:9

A : PTH
Calcitonin AL —

Vitamin D,

Gastrointestinal
intake Formation Resorption
1000 mg/d 500 mg/d v 500 mg/d

Rapidly

C exchangeable pool
D 49

Calcium load in dialysis: Secretion

10-15 meqg/d (400-600 mg/d) »2 150 mg/d

when using Ca containing P binders /

Extracellular fluid soft
1g tissues

350 mg/d

The rate of active Ca2* reabsorption A fAbSOfptiOﬂ

is controlled by the calciotropic
hormones, i.e. parathyroid hormone, Vitamin D o ;
calcitonin and 1,25-dihydroxyvitamin il Filtration Reabsorption
D3, 8000 mg/d J/a! 7800 mg/d
] 1] N~ e+
\ Calcitonin

Vitamin D,
Calcimimetics

Fecal excretion Urinary excretion
800 mg/day 150-250 mg/d
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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

dialysis :adynamic bone 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

0O Calcium <8.4 mg/dl
[ Phosphorus <4.6 mg/dl
B |ntact PTH =65 pg/ml
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80 79-70 69-60 59-50 49-40 39-30 29-20 <20
(n=61) (n=117) (n=230) (n=396) (n=355) (n=358) (n=204) (n=93)

GFR level (ml/min)

=80 79-70 69-60 59-50 49-40 39-30 29-20 <20
GFR level (ml/min)

Early increase of FGF23

Decrease in Vit D receptors No relation to the renal mass

Decrease in Ca sensing 2
receptors on PTH aland

SECUNDARY HYPERPARATHYROIDISM, NEGATIVE CALCIUM

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

Intact PTH (pg/ml)




PTH secretion, PTH gene expression, parathyroid gland hyperplasia

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

- 7 a=PO¥
Parathyroid _
chief cell Calcimimetics

«Ca?

PTH promoter

Hyperplasia

CASR cell suface G protein — coupled receptor ;extrac. Ca**
Vitamin D receptor nuclear receptor controlling gene transcription (inhibits PTH synt)

Uncharacterized phosphate sensor , stimulates PTH synthesis

P GO

FGF23 is a negative regulator of parathyroid function

Universiteit
Antwerpen _
Quarles LD: Kidney Int 68 (S96): S24-S28, 2005
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Importance of calcium dependent signaling

Vitamin D dependent pathways play a 2ary role

VDR —/—
(Vit D deficiency)
Calcemia J
Phosphatemia W
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
respond to Vit D

laOHase —/—

4
A%
71

-+

-+

Jdundetectable

Calcitriol normalizes
Everything, but
Ca administration almost
everything



Fibroblast. growth factor. 23

possibly inhibits
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Fibroblast Growth Factor 23 (FGF23) Predicts
Progression of Chronic Kidney Disease: The Mild to
Moderate Kidney Disease (MMKD) Study

Darile Fliser,* Barbara Kollerits, T Ulrich Neyer ¥ Donna P. Ankerst,™® Kad Lhotta|
Arno Lingenhel,” Eberhard Ritz, and Flonan Krenenberg,™ for the MMED Study Group

FGF23 intact £35 pg/mL

Progresseurs Non Progresseurs

FGF23 35+ 58 69+ 70 3
(pg/ml) g
Phosphate 1.04 £ 0.38 1.25 + 0.27 <
(mmol/ml) $
PTH 6t 5 22 + 20

(pg/ml)

Fliser D et al. JASN, Early online edition, 2007



P for linear trend < 0.001

Frequency (n)

Ejection fraction (%)

400 600 Quanile 1 Quartile 2 Quartile 3
FGF23 (RU/ml) FGF23 quartiles
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P for linear trend < 0.001
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Elevated circulating FGF23 levels are associated with LVH in patients with CKD.

JCI 2011
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Pharmacological inhibition of FGFR attenuates LVH in an animal model of CKD.

JCI 2011
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Figure 4. Klotho-deficient CKD mice have aggravated cardiac fibrosis compared with WT
rmice. (A} Representative trichrome staining of heart sections from WT and Het-klothe mice 4
weeks after CKD (shown in duplicate} or sham sungery (shown one time). Blue staining
reflects collagen fibers. (B} Mean*SEM (n & per group) of the area of fibrosis relative to the
total area of heart sections. *P<t0.05 versus sham. *P<0.05 between indicated groups.

JAMA May 2015



Ophrys scolopax

Ophrys bécasse

.~ Ceci n’est pas une abeille.




Mortality risk-among hemodialysis patients receiving different vitamin D
analogs

Table 3 |Hazard ratios (95% confidence intervals) for
all-cause mortality for patients who did not receive any
vitamin D compared to those who received any type of
vitamin D analogue

Model Covariates Hazard ratios (95% Cl)

Unadjusted?® 1.53 (1.43, 1.63)
Age, gender, race, cause of ESRD, 1.28 (1.20, 1.37)b
and year started HD®

Model 2 plus baseline calcium, 1.21 (1.10, 1.33)°
phosphorus, PTH, albumin, Kt/V,

creatinine, and Hct?

Model 3 plus clinic SMR® 1.20 (1.10, 1.32)°

Cl, confidence interval; ESRD, end-stage renal disease; Hct, hematocrit; HD, hemo- In all models morta“ty

dialysis; PTH, parathyroid hormone; SMR, standardized mortality. was h|gher for patients

Patients, n=14967; deaths, n=4238. . )
bp - 0.05. who did not receive

“Patients, n=9355; deaths, n=2725. vitamin D vs. those who

d . :
Baseline laboratory over the first 30 days on HD. .
®Patients, n=9351; deaths, n=2723. did (12 (11'13))

Tentori F et al, Kidney Int 70: 1858-1865, 2006
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Activated injectable vitamin D and hemodialysis survival:
A historical cohort study

Hazard Ratio

>9.1 mg/dl
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Hazard Ratio

Teng M et al, J Am Soc Nephrol ‘ | 2
16: 1115-1125, 2005 <100 pg/ml Parathyroid Hormone Quintile >440 pg/ml
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Mineral metabolism and arterial functions in end-stage renal disease:
potential role of 25-hydroxyvitamin: Dideficiency

r=-0.538§ r= 0.616
P<0.0001 P <0.0001
n==52 n=42

CUSHIONING FUNCTION
dampen blood flow
pressure oscillations

Brachial artery
distensibility (kPa10-1.103)

100 120 1.40 1.60 3
(10 pg/L) Log,, 25(0OH)D,(ng/L)

r= 0.632

r=-10.616 P<0.001
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London GM et al, JASN 18: 613-620, 2007
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Mineral metabolism and arterial functions in end-stage renal disease:
potential role of 25-hydroxyvitamin: Dideficiency

r=0.741
P<0.0001
n=27

CONDUIT FUNCTION
blood supply from heart
to peripheral tissue
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100 120 140 160 ' 20 25 30 35
(10pg)

Log,, 25(0OH)D,(ng/L) 1,25(0H),D; (ng/L)
Limitations:

* Patients were clinically stable with normal lipid status, no
malnutrition, no inflammation

®* Non-supplemented vitamin D deficient patients

® Observational nature of the study — hypothesis generating

London GM et al, JASN 18: 613-620, 2007
FMD flow mediated dilation
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Calciotropic hormones and arterial physiology:
"D"-lightful insights

Vitamin D > 25 OHD ————» 1,25 (OH),D
25- a-
hydroxylase hydroxylase

4 Renin-angiotensin-aldosterone { VSMC PTHrP T VSMC matrix vesicle

signaling
TIL10

LiLi2 J PPi
TALP
P043-

formation

4 Mural Inflammation
1 Oxidative Stress

d Vascular Fibrosis T Vascular CaPO4 depOSlllOn
Working model outlining \ /
of biphasic actions of
vitamin D on vascular (+) (-)

compliance Vascular compliance

Need for beter ‘vit D’ analogs
Towler DA: JASN 18: 369-373, 2007
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Non-selective VDRA

1** Generation

Calcitriol
la. 29
dihydroxyvitaminD,

Pro Hormones
Hepatic Activation

Alfacalcidol (D3
Doxercalciferol (D2)
1 2~ hydraxyvitamin Dy/D;

Selective VDRA (D-mimetics)

| Paricalcitol
19-nor la 25
dihydroxyvitamin D;

Maxaalcitol
aaoxa-125-
dihydmxyviania D3

Mimics endogenous
VDR hormone

Molecular modihications
atthe side-chain

' Molecular
| modifications atthe |
| side-chain and Acring |

Mo lecular
modifications

Generics (V& Oral)

Al D3®
Hepc|t‘3rol3

| Zemplar®

A

Oxarol®

O steopoross,
Hypocalcemia

s e e

sHPTin GD
Osteopoross,
Hypocalcemia

¥ SHPT in OD
| (Stages 3,4, 5)

sHPT in OD




1,25-Dihydroxyvitamin D3'is
a negative endocrine regulator
of the renin-angiotensin system

Effect of VDR inactivation
on renin expression and
plasma Ang Il production

Effect of VDR inactivation
on blood pressure and heart
weight/body weight ratio

o
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OO OO
Heart/body weight
Mean BP (mmHg

Systolic  Diastolic

a

+/+ —f—

P WP Qonin

Renin mMRNA O~

pe————L_L LT

—————— 3684

Untreated  Captopril
Li YC et al: JCI 110: 229-238, 2002
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1,25-Dihydroxyvitamin D3'is
a negative endocrine regulator
of the renin-angiotensin system
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1,25-Dihydoxyvitamin D3 Renin upregulation is independent of the calcium status

suppresses renin expression
in wild-type mice

LiYC etal: JCI 110: 229-238, 2002
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Differential effects of vitamin D receptor activators on vascular
calcification in uremic rats

Aortic Ca content

sz

19-nor
paricalcitol

Aorta from uremic rats (Von Kossa staining)
##P < 0.01 versus 19-nor Mizobuchi M et al: Kidney Int: in press 2007

by non-paired t test
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Low serum 25-hydroxy vitamin D levels are associated with albuminuria
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8.7-43.9 44.2-60.3 60.4-79.8 79.9-2436
Serum 25-hydroxy vitamin D concentration (nmol/L)

W Overt Albuminuria @ Microalbuminuria

Unadjusted prevalence of alouminuria by quartile of
25-hydroxy vitamin D concentration.
yeroxy De Boer et al 2007

Agarwall et al: Antiproteinuric effect of oral paricalcitol in CKD
Kidn Intern 68, 2823 —2828 ,2005
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Change in LA CR [ %)

L

p=0-071 p=0123

|:-=£:l_-E:l =

| | I I
Placebo Combined 1 pg paricalcital - 2 pg paricalcital
paricalcitol

iqure 2: Change in urinary albumin-to-creatinine ratio from baseline to the
last meas urement during treat ment Lancet 2010
Errar bars represent QL% Cls. pwalues arefor the comparison of paralcitol

ersus placebo. LLACE=urinarv albumin to-creatinine ratio.
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Short-term effects of vitamin D receptor activation on serum
creatinine, creatinine generation, and glomerular filtration rate

9.4

150
|

Serum Ca (mg/dL)
9.2
Urine Ca (mg/d)
100
|

9
L

Slope = .055 Slope =10.2
(.032-.076) (7.2-13.3)
p<0.001 p<0.001

Serum Phos (mg/dL)
Urine Phos (mg/d)

Slope =.050 : ? }/ Slope=23.3
(.024-.076) (12.1-34.6)

p<0.001 p<0.001

| P ‘et Yl V! | LR ) | i ot L

T 1 | |
34567 -3-2-101234567 121314
Days Days

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




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

Slope =.010
(.001-.019
p=0.036

Slope =0.36
(0.11-.061)
p =0.005

it

Slope =.094

Slope=17.6
(-.049-237)
p=0.19

4 H;H# H %ﬂﬁ} f }%

Slope =0.49 Slope = 0.01
(-0.26-1.23) (-0.37-0.40)
p>0.2
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Cr Clearance (mL/min)
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Agarwal R et al: Kidney Int 2011 (In press)




Favorable effect of lower salt consumption on urinary albumin excretion (UAE)

Study
Fotherby, 1997
Houliham, 2002
Luik, 2002

Vedovato, 2004

Swift, 2005

Vogt, 2008

Ekinci, 2009

Slagman, 2011

McMahon, 2013

Cohort

Hypertensives

Diabetics,
hypertensives

Disbetics
Healthy subjects
No MALB

MALB

Hypertensives

Proteinuncpatients

Diabetics,
hypertensives

Proteinuncpatients

CHKD patients

Kwakernaak, 2014 Disbetics

Combined Effect: p<0.01

Heterogeneity: p<0.01, P=80%

Losartan « HCT

No therspy

Salt intake reduction

Favors low sodium

Favors high sodium

No therapy

Mean Difference
(95%Cl)

0(-2417t0 241.7)
-25.7(-92.3t0 40.9)
B74(-177210424)
16.3(-27.0 to 59.6)
-40(-2751t0 19.5)
-11.1(-214.5 to 192.3)
-259(-250.7 to 198 9)
-19.3(-38.1to -0.5)
-220(-3381t0-10.2)
-250(-36.0 to -14.0)
-140(-25010 -3.0)
.94 (-256 4 to 237 6)
14.1(-3434 10 3152)

Notherapy

HOS Tedmisantan

HDS Teimisartan « MCT
LDS-Telmesanan
LDS-Telmésartan « HCT
Usinopedl

Usinopeil + Valsanan
Fotypentensive therapy
ACE+ Pacebo

ACE+ HCT

<100

0

100

Mean Difference in UAE (%)

This meta-analysis indicates that sodium intake reduction markedly reduces albumin
excretion,more so during concomitant renin-angiotensin-aldosterone system-—blocking
therapy and amongpatientswith kidney damage.

D’Elia L et al: CJASN 2015, doi:10.2215/CJN.09110914

-13.7(-248.9 to 221 5)
8.8(-1206 to 138.2)
-16.6(-183.2 to 150.0)
-38.3(-127.7t0 51.1)
-318(-1325 10 68.9)
-51.0(-58.4 to -43 5)
-62.0(-704 to -536)
-51.0(-1108t088)
-420(-57510 -26.5)
-61.0(-73910 -48.1)

-32.1 (443 to -18.8)




Renoprotective role of the vitamin D receptor (VDR) in mice with
streptozotocin (STZ)-induced diabetic nephropathy

—8—V/DR(+/+)
—O~VDR(-/-)

Blood glucose (mg/dl)

0 3 5 7 g 91 143 18 18

—~@—VDR(+/+)
~O—VDR(-/-)

Urinary albumin to

P
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©
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Blood glucose and urinary albumin

* P<0.05 vs. VDR+/+ control, Zhang Z et al: Kidney Int: in press 2007
n=5-7 in each genotype.
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Renoprotective role of the vitamin D receptor (VDR) in mice with
streptozotocin (STZ)-induced diabetic nephropathy
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VDR(+/+) VDR(--) VDR(+/+) VDR(-/-)

Non-diabetic Diabetic

[Tl

w=wm~= VDR
TSR PR 3 octin

e

— ==

VDR(+/+) VDR(-/-) VDR(+/+) VDR(-/-)

Fibronectin
protein level

-actin
- - e o - e VORGH) VORLA)

Glomerulosclerosis

*P<0.05vs. VDR+/+ control, n=3.  Zhang Z et al: Kidney Int: in press 2007
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Renoprotective role of the vitamin D receptor (VDR) in mice with
streptozotocin (STZ)-induced diabetic nephropathy

A 1250H),Ds(M) 0 0 10° 10° 107
D-Glucose (mM) 5 30 30 30 30

>
w

Northern

[} °
ks 8
s 5
e (14
E E
& 5

‘_
g 5

C STZ C STz & 82 ¢ siZ
VDR(+/+) VDR(-/-) VDR(+/+)  VDR(--)

Expression of TGF-B and CTGF in the
kidney

Effect of vitamin D on fibronectin (FN)
expression in mesangial cell culture

* P<0.05 vs. VDR+/+ control
** P<0.05 vs. diabetic VDR+/+ Zhang Z et al: Kidney Int: in press 2007
n=4-5
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Renoprotective role of the vitamin D receptor (VDR) in mice with
streptozotocin (STZ)-induced diabetic nephropathy
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Relative nephrin mRNA level
>

0

HG  HG+VD D-Glucose (mM) 5 30 30 30 30 30
125(0HDs(M) O 0 100 10° 108 107

Effect of vitamin D on TGF-B and nephrin expression in cell cultures

* P<0.05 vs. low glucose (LG)
* P<0.05 vs. high glucose (HG) Zhang Z et al: Kidney Int: in press 2007
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Vitamin D lowers PTH

Ergocalciferol Stage 1&2 | Stage 3 | Stage 4&5
50,000 IU/week
12 weeks

Stage 1&2 Stage 3 Stage 4&5

Finn W, 2007

n=5 n=20 n=25

Calcium

Stage 1&2  Stage 3  Stage 4&5

Phosphorus

1,25-(OH)2-D

Stage 1&2  Stage 3  Stage 4&5

Chronic kidney disease patients

Stage 1&2  Stage 3  Stage 4&5

Stage 1&2 Stage 3 Stage 4&5




Meta-analysis: vitamin D compounds in chronic kidney disease

® Purpose: To determine whether vitamin D therapy improves
biochemical markers of mineral metabolism and
cardiovascular and maortality outcomes in chronic kKidney
disease

®* Data Sources: MEDLINE (January 1966 to July 2007),

EMBASE (January 1980 to July 2007), and Cochrane
databases were searched without language restriction

Palmer SC et al: Ann Intern Med 147: 840-853, 2007

DDW3622



Meta-analysis: vitamin D compounds in chronic kidney disease

1. Based on current epidemiologic standards for assessing
the validity of interventions, Vitamin D IS of unproven
efficacy in CKD, except for: its effects on some
biochemical indexes

2. Newer vitamin D analogues have not been shown to be
superior to established vitamin D compounds

3. Intravenous administration is unlikely to be superior to
oral dosing

4. Biochemical and experimental data suggest that they may
have opposing effects on mortality in this high-risk
population, but they have been studied in only around
3000 people, with mortality reported in 8 trials (627
patients)

D. Itis essential for the nephrology community to better
address the effects of intervention with these widely used
agents on patient-based outcomes

Palmer SC et al: Ann Intern Med 147: 840-853, 2007

DDW3622



Assessed for eligibility (n= 133)
Wiritten informed consent

[ Enrollment

Excluded after 6 weeks wash out (n=47)
¢ Notmeeting inclusion criteria (n=31)

o LowPTH=27

o High phosphate=4
¢+ Exclusion (n=8)

o  Malignancy=7

o One year survival not expected=1
¢+  Other reasons (n=8)

o Transplantations1

o Death=3

o Failed to wash out=2

o Withdrawn consent=2

4

Randomized (n=86)

B

Y

e

Alfacalcidol-Paricalcitol
Allocated to intervention (n=41)

.

Discontinued intervention (n=7) during
*  Alfacalcidol (n=3)
o Withdrawn consent=2
¢ Malignancy=1
«  Washoul period 2 (n=3)
o  Transplantation=1
o Death=1
o Withdrawn consent=1
*  Paricalcitol (n=1)
o Withdrawn consent=1

Period 1

Analysed
e cross-over(n=34)
e period 1 (n=38)

Wash Out 1
Week 0-6

Allocation ] y
Paricalcitol-Alfacalcidol
Allocated to intervention (n=45)
Discontinued intervention (n=8) during
»  Paricalcitol (n=3)
oy o  Transplantation=1
[ Follow Up ] o  Withdrawn consent=2
*  Washout period2 (n=1)
o  Death n=1
o Alfacalcidol (n=4)
o Transplantation=3
=3 Death=1
[ Analysis ] l

J

Analysed

e cross-over (n=37)
e period 1 (n=42)

Alfacaleidol
Week 6-22

Paricaleitol
Week 6-22

Period 2

N, A

Paricaleitol
Week 28-44

Wash Out 2
Week 22-28

Alfacaleidol
Week 28-44




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

A randomised cross-over study

A Alfacalcidol-Paricalcitol (AP)
=34
Paricalcitol-Alfacalcidol (PA)
n=37
* Week 0-6 and weak 22-28 were wash
out periods.

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

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 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)

32 34 36 38 40 42 44

mean phosphate mmol/l (SEM)

mean iPTH reduction (SEM)

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

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

#P<0.05, paired t-test AP-

group _ Hansen D et al: Kidney Int 2011




Comparison of alfacalcidol and paricalcitol for treatment of
secondary hyperparathyroidism in hemodialysis patients.
A randomised cross-over study

Incidence of hypercalcemia, hyperphosphatemia and elevated Ca x P
product.

Number (%) of patients

Alfacalcidol Paricalcitol P-value

n=38 n=42
Hypercalcemia (ionized calcium>1.30 mmol/l) 21 (55%) 24 (57%) 0.866
at least once
Hypercalcemia (ionized calcium>1.30 mmol/l) 12 (32%) 16 (38%) 0.542
at least two consecutive measurements

Hyperphosphatemia (phosphate>1.80 mmol/l) 29 (76%) 29 (69%) 0.467
at least once

Hyperphosphatemia (phosphate>1.80 mmol/l) 17 (45%) 14 (33%) 0.296
at least two consecutive measurements

Elevated Ca x P > 2.3 mmol%/1? 25 (66%) 29 (69%)

at least once

Elevated Ca x P > 2.3 mmol*/I? 14 (37%) 16 (38%)

at least two consecutive measurements

Hansen D et al:
Kidney Int 2011



Effect of paricalcitol

TvitaminD/ | b hvseronosohatent { vitamin D
vitamin D receptor yflf,;)pergjceﬁ:'a
agonists ‘
N "'.
RN G
4 RO 9
T promotors of VCSM 1 CaxP { inhibitors of VSMC
differentiation differentiation:
/ IL-4, IL-10, osteopontin,
‘4 matrix Gla-protein,
Osteoblast-like VSMC fetuin, osteoprotegerin

endothelial cell

vitamin D
receptor

Paricalcitol aggravates perivascular fibrosis in rats with RF and low calcitriol




Paricalcitol aggravates
perivascular fibrosis in rats
with renal insufficiency and
low calcitriol

JM Repol, IS Rantala2, TT
Honkanen2, JT
Mustonen3,4, P Ko o™ bi5,
AM Tahvanainen3,4, OJ
NEIEIENE

| Tikkanen7,8, JM Rysa™9,
HJ Ruskoaho9 and IH Po”
rsti3,4

Kidn Intern. 72; 979 ;2007

Cardiac perivascular fibrosis
and connective

tissue growth factor were
significantly increased in the
remnant kidney groups, and
further increased in
paricalcitol treated

rats.

Fiyure 4 |[CGamdiac histology. Representative ariginal
photomikragraphs showing <cardiac paerivas<ular fibrosis




Available Native Vit D

G Jean et al, Néphrologie & Thérapeutique (2009) 5, 520—532

Tableau 1 Les vitamines D natives et le calcifédiol.

Vitamine D Spécialite Dosage Demi-vie Posologie
Ergocalciférol (vitamine D;) Sterogyl®™ 1 goutte = 400 Ul = 10 pg 15—-45 3 8002000 Ul/j
Sterogyl™ 15 1 amp = 600 000 Ul 15-45j 1 amp 1-2 x /an
Uvesterol™ D 1 ml = 1500 Ul 15-453 8002000 UI/j
Colécalciférol (vitamine D;) Zyma D® 1 goutte = 300 UI 600—1800 UI/j
1 amp = 80 000 et 200 000 UI 80 000 UI/1—2 mois 200 000 UI/3
a 6 mois
Uvedose®™ 1 amp 100 000 UI 15—453 1 amp/1-2 mois
Vitamine D3 Bon® 1 amp 200 000 Ul 15-453 1 amp/2-3 mois
Calcifédiol (25(0H)D5) Dedrogyl™ 1 goutte =5 pg 18-21j 10-5pg/j

amp : ampoule.




Non-selective VDRA

Selective VDRA (D-mimetics)

1** Generation 2™ Generation 3™ Generation
I v |
I “ N g
o= | | [‘, L
! y
I Pro Hormones L
HOP ™~ NOH | Hepatic Activation |
I |
Calcitriol Alfacalcidol (D3 Paricalcitol axaalci
12,25 | Doxercakife£0| 802) | 19-nor 125 . ?;.,n.;kn't.o'
dihydroxyvitaminD, | 1a-hydraxyvitamin Dy/D: I dihydroxyvitaminD: | g5 v gmuyviania D3
i Molecular modMications =Molecular t
Mimics endogenous | atthe side-chain | modificationsatthe | . acular
VDR hormone | | side-chain and A-fing | modifications
| | |
AlphaD3 * Zemplar®
Generics (IV&Oral) | Hectorol® I ! oxarol®
5 | : SHPT in OKD :sHPTinOG) :
st oss, 0ss, .
Hyp?;p amia | Hyp:g ia '(Sta983,4.5) I sHPT in OD
| | |




Recommended concentrations

25 OH vitamine D nmol/L ng/mL

Taux inadéquats : Depletion (1) < 25 < 10

supplémentation <
nécessaire

| Insufficiency @ 25 -75 |10 - 30

Hypervitaminose ©) > 250 > 100

I. Cormier. AFLAR. PNNS, http://www.sante.gouv.fr/htm/pointsur/nutrition/actions42_pa.pdf
2. McKenna. The American Journal of Medicine 1992 ; 93: 69-77.
3. Hollis BW. J Nutr 2005; 135: 317-22.




Armas L, Hollis B, Heaney R. Vitamin D2 1s much less effective than
vitamin D3 1n humans. J Clin Endocrinol Metab 2004 ; 89 : 5387-91

25 -

20 -

15 4

Cholecalciferol(D3)
JongerT1/2
25.000 /week

=
©
€
=
e
-
=
(7Y
o
<

X

é 1b 1; 2b 2; 3b
TIME (days)

Holick MF, Biancuzzo RM,Chen TC et al. Vitamin D2 1s as effective
as vitamin D3 1n maintaining circulating concentrations of 25-
hydroxy vitamin D J Clin Endocrinol Metab 2008 ; 93 : 677-681.




Effet du cholecalciferol (D3)100 000 mensuel

dialyse

G Jean et

210+
2004
1904
180+
1704
160+
150+
1404
1304
1204
1104
1004

904

25(0OH) D nmol/L

504
404
304
204
104

.11.

804
704
60+ =

al,NDT(2009) 24:

e

M3 Mo

M1

M3

M15

Fig. 1. Evolution of 25(OH)D serum levels (Box plot). **P < 0.001 with
baseline, T2 < 0.05 with the previous value.

Table 2. Changes in vitamin D and mineral metabolism parameters

3799-3805

95.
80
854
804
754
704
65+
60+

504
454
404
354
304
254
204
154
104

1,25 (OH)2D pmol/L

55+ I

en

M3

M1

M5

Fig. 2. Evolution of 1.25(0OH)2D serum levels (Box plot). **P < 0.001
with baseline, TP < 0.05 with the previous value.

Months

MO

Ml

M3

M9

M15

25(0OH)D (nmol/L) (range)

% 25(OH)D = 75 nmol/L

1,25(0OH), D (pmol/L) (range)

PTH (pg/mL) (median, inter-quartile range)
BALP (pg/L) (range)

B-cross-laps (jLg/L) (range)

Calcaemia (mmol/L) (range)
Phosphataemia (mmol/L) (range)

31+ 11 (3-55)

14 + 14 (4-56)
294 (180-435)
21 + 10 (6-45)
2.5+1(0.8-6)

2.27 4 0.14 (1.9-2.53)

1.34 £ 0.3 (0.8-2.2)

32 + 13 (7-56)
0

13.7 + 14 (4-55)
295 (190-450)
20.5 £ 9 (7-41)
2.5+ 1(0.9-5)
2.24 £ 0.12 (2-2.5)
1.32 + 0.3 (0.8-2)

68.3 £ 19 (30-130)**1
46*=1

23.8+ 14 (4-70?*"‘:f
249 (158-378)*

18.7 £+ 9 (6-37)
2.27+1(0.6-5)
2.28+0.1(2-2.53)
1.36 £ 0.3 (0.7-2.3)

97.7 + 28 (45-198)** 1

g2

30.7 + 14 (4-82)*1
220 (113-300)*

16.5 + 6 (6-35)*T
2.1 +£1(0.64.8)*1
228 +£0.1(2-2.5)
1.33 £ 0.3 (0.7-1.9)

105.7 & 28 (49—190)**
88*t

49.2 + 17 (13-88)*=1
200 (145-280)*

17 &+ 6 (8-35)*

2.05 % 0.8 (0.7-4.2)*
225+ 0.1 (2-2.53)
136 + 0.3 (0.8-1.9)

105.8 = 27 (52-192)**
91

45 + 13 (21-86)**
190 (110-273)*

17.1 & 7 (6-35)*

2.07 + 0.8 (0.54.1)*
225 + 0.1 (2-2.58)
1.31 0.3 (0.8-2.1)

*P < 0.0, *P < 0.001 with the previous value, TP < 0.05 with the baseline value.




Apports alimentaires

Tres peu d'aliments contiennent de la vitamine D en
quantite significative

Ration quotidienne Ration hebdomadaire
nécessaire pour couvrir nécessaire pour couvrir
les besoins (!:2) les besoins (!:2)

Huile de foie de morue 1,5 cuillere a café 10,5 cuilleres a cafe

Harengs au vinaigre 2 portions de 60 g 14 portions de 60 g

CEuf dur 22 ceufs moiens 154 ceufs moiens

Beurre 5 plaquettes de 250 g 35 plaquettes de 250 g

|. AFSSA. Les apports nutritionnels conseillés pour la population frangaise. 3¢ édition. Paris : Editions TEC & DOC ; 2001.
2. INRA. Répertoire général des aliments. Table de composition. 2¢ édition. Paris : Editions TEC & DOC ; 1995.




Cost-Effectiveness of Monitoring and Vitamin D
Supplementation in CKD

Comparison with other CKD-MBD treatments

Type of Medication Compound Cost (Euros)/
Month

Phosphate Binders Calcium Carbonante 2g/d 17.10
(calcium containing) Calcium Acetate 2 g/d 40.04
Phosphate Binders Sevelamer 4.8 g/d 191.63
(calcium free) Lanthane Carbonate 3g/d 237.56
Calcimimetic Cinacalcet 90 mg/d 556.04
Ergocalciferol Sterogy!l 100 000 IU/month 0.37

Cholecalciferol Uvedose 100 000 IU/month 2.02




Vitamin D Supplementation in Chronic Kidney Disease: A
Systematic Review and Meta-Analysis of Observational
Studies and Randomized Controlled Trials

Post supplementation Basoline Maan Differoncoe Mean Differance

Study or Bubgrowp Maan S0  TYotal Mean 5D Total Weight ¥, Random, 95% CI v, R 9%5% 0

1.2.1 Prodialysts

Al Aly 2007 Stage 3 138 7950 44 174 13020 44 83%  -30.00 8540, 0.40] = q . .

Al-ly 2007 Slage 4 6 30487 2 M5 27204 2 0T% -39.001209.74, 131.74] ¢ Vltamln D supplementat|on
Devile 20085%ge3 1257 62 28 1428 83 20 8.0%  -12.10[5692.2272) —_—

Devile 2006 Stage4 1579 104 51 1914 126 51 68%  -3430[70.14,1054] =i .

P 207 AR AR T g W o S —— appears to improve 25(0OH)D
Lopes 2009 00 $652 77 116 77 3 114%  -1600[4512,1312) —

2iEman 2007 CKD3 1305 9357 24 1541 9063 24 55% 2360[1572,288) 2@————T— R
Zisman 2007 CKD4 1397 0842 28 1648 15504 28 36%  -2510[83.12.42%Q) ——t—— and 1;25(OH)2D Ievels Wh||e
Subtotal (95% C1) 202 248 454%  -26.24 [43.04, 9.44) - . .

Heloroganeity: Tau® « 0,00; Chi* = 3.04, df = 7 (P = 0,88; F = 0%

el T 006, W KA DL A reducing PTH levels without
1.2.3 Dialysis 1 1 1

Bagnis 1998 60 58 15 167 110 15 41% -BB.00(-15093 .26.07] INcreasing the rISk for

Baion 2009 2245 2103 77 2807 2108 77 37% -56.20[-122.68,10.28) T .

ik 2008 @27 4141 150 4 458 303 2%  9030[13427,5367 * hypercalcemia and

Bouchard 2008 570 5304 27 5962 5885 4 0.2% -2620[325.0Q,27263] *

Dovlle 2006 Stage s 1904 74 8 2047 01 8 26%  -14.30[-05.59,66.98] .

S 2005 268 13 07 TS A2 07 S5 10010143648, 9871) hyperphosphatemia.

Matas 2009 27 133 158 267 174 158 96% 4000 [-74,15 -565] N T

Sasb 2007 20074 1954 118 30429 29978 118 30% -O488[-150.19,2090)

o 0k Pk o Dhhien B B Sme However, whether such

Tokmak 2008 208 21304 64 213.04 20704 64 3% «5.04 [-78.B8, 68.8D] I . I

Sublotal {95% C1) 748 299 4006% 5049 [-01.59,.3540) i

Halproganeity; Tau® = 367.98; Ch = 12,66, of = 9 (P = 0.18% F=20% supp ementation transiates
Teat for overall effect 2 = 4.84 (P < D.000D1) . b tt d. I
p——— Into better cardiovascular
Courbabalsse 2000 63 875 47 76 16225 47  54%  -13.00[-65.70,30.70) —

Pesserson 2007 a9 47 14 1372 B2 14 88%  4130[7802 488 2« ———— and SkEletaI outcomes nEEdS
Sublotal (85% C1) 81 $1 142%  -32.05[£2.18, -1.09) =

Molorogonelty: Taw® = 0.00; Chi* = 0.75, df = 1 (P=0.39); = 0% 8

Tost o overu ok 25 508 (0 = 0.00) to be evaluated in future

Total (85% C1) 100 1208 1000% 41.72(-34.78, -27.65) E-8 g

Holprogonedty; Tau® = 232.24; Cn = 25.24, ol = 18 {P = 0.15); I = 26% ’_m w 73 w m StUdIeS'

Test for overall effect: 2 = 581 (P < 0.00001) -l A R P

Test for subgroup differences: Chf =877, of =2 (P=001) *=77.2%

Figure 3. | Effect of vitamin D supplementation on PTH levels at the end of treatment pericd among observational studies in CKD.

VitD supplem entation and PTH Kandula P et al. CJASN 6:50-62, 2011




Table 2. Summary of prospective interventiond studies assessing Sfed of witamin 0 supplemertaion on cardiovesoular disease endpoirtsin CKO

Sudy S udy Population

Irtervention  Control Ouraion

Shudies azzessing left vermricular i 255 3 furchion

FRIMO
Thadhani &t al.,
212" and
Tame= &t al.,
a2

Z& parlicipank  with
stage 26 CKD and mild
to modarate LWH

hrarsen et al.,
M

14 parficipants with stage
4 CKD and LWH

OFERA

iang et al.,
0qp0

B0 parficipants with stage
35 CKD and LWH

Sudies azzessing emdolelial fumchior
PENMY 22 parficipants with stage
Zoccali et al., A CKD

.l
Chitalia =t al.,
A"

25 parficipants with stage
34 CkD
25 0H)D <75 nmallL
Shdies azsessing v souiE caloifeation

Heuitt &t al., a1
2013 haemodialysis and serum
250 0H) 0 =260 nmalL

125

C kI

Nephrology 2015
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Impact of; Vitamin D on Cardiovascular outcomes in Chronic

Kidney Disease

Nephrology submitted 2015

Authors: Nadia Hussain, Huma Hosamuddin, Mohammed Oomerjee, Cristiana
Vitale,Juan Carlos Kaski and Debasish Banerjee

Vitamin D Is promising as an easily administered,
cheap therapy to Improve surrogate
cardiovascular markers in patients with CKD,
however further trials are necessary to prove

Its benefit in reducing CV mortality and morbidity.



Recently reported Effect of paricalcitol on left ventricular mass and function
In CKD (theOPERAtrial) did not find a left ventricular mass difference for
chronic administration of paricalcitol to patients with CKDstages 3 to5.

It improved secundary hyperparathroidism

JASN 25; 175; 2014

Paricalcitol Capsule Benefits in RenalFailure-Induced Cardiac Morbidity,

a randomized controlled trial on a group of 227 patients with chronic kidney
disease with mild-to-moderate left ventricular hypertrophy and preserved
left-ventricular ejection fraction,could not show the influence of 48 weeks of
paricalcitol therapy on the left ventricular mass in dexoron Doppler measures
of diastolic dysfunction.

Am HeartJ 164; 902; 2012

JAMA 307; 674; 2012



Toll-like receptor triggering of a vitamin D-mediated human antimicrobial
response

A  Mono.Macro. DC
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Liu PT et al: Science 311: 1770-3, 2006
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Innate iImmunity

PAMP ——} k1 ¥l Cytokines

" (interleukin-1, 6, 12) Quiescent T cell

Toll-like .
receptor —

Pathogen

Activation

molecule

g Antigen-
&9 presenting cell

In the case of the signaling class of pattern-recognition receptors,
the recognition of pathogen-associated molecular patterns by toll-like receptors leads
Medzhitov R & Janeway C:

to the activation of_3|gnallng pgthways that | New Engl J Med 343: 338-343, 2000
Induce the expression of cytokines, chemokines, and costimulatory molecules. o



Toll-like receptor triggering of a vitamin D-mediated human antimicrobial
response

A  Mono.Macro. DC

, CFU x108 CFU x10¢ Comparison of gene

expression profiles
iIn human primary
monocytes and
macrophages and
dendritic cells

£
&

Infected cells
Myc Tuberc.

.
-

g
r
© 2N w s a o

TLR2/1L :
Ligand: Mycob
Tuberc derived
peptide

61Cyp27B1 mRNA 1 1Cyp24 mRNA
{ —6—Media
—4—TLR2/1L

Au.x100 ©

Reduced
viability

Cyp2781 mRNA

O Media
B TLR2AL

Fold Change ©

+

Media TLR2/AL MediaTLR2/1L  MediaTLR2/1L

Liu PT et al: Science 311: 1770-3, 2006

DDW3576



Toll-like receptor triggering of a vitamin D-mediated human antimicrobial
response
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Toll-like receptor triggering of a vitamin D-mediated human antimicrobial
response
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Toll-like receptor triggering of a vitamin D-mediated human antimicrobial
response

®* We also observed that sera from African-American individuals,
®* known to have increased susceptibility to tuberculosis, had low
® 25-hydroxyvitamin D and were inefficient in supporting

®* cathelicidin messenger RNA induction.

® These data support a link between TLRs and vitamin D—
mediated innate immunity and suggest that differences in ability
of human populations to produce vitamin D may contribute to
susceptibility to microbial infection

Liu PT et al: Science 311: 1770-3, 2006

DDW3576



Sunlight' treatment for. tuberculosis

Brehmer & Trudeau

s
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Niels Ryberg Finsen

Denmark
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. Pleiotropic effects of vitamin D

Vitamin D and analogs in mineral
metabolism:

® Suppression of cell growth

®* Regulation of apoptosis

®* Modulation of Immune response

® Control of insulin secretion

® Control of Calcium and P metabolism

® Tuberculosis



Conclusion

Vitamin D is a hormonal system implicated in
many gene control systems (deficiency,
insufficiency, intoxication)

Numerous targets (os, systeme cardiovasculaire,
immunité, diabete, rein, muscle, cerveau...) favorable
effect on survival

In CKD : variable but almost constant deficiency
25(OH)D et 1,25(OH)2D

| alfa Hydroxylation ubiquitous + direct effect of
25(OH)D = justification of supplémentation in
native vitamine D in Ith¢ intention:

simple, cheap, well tolerated

CKD :decrease of PTH and other bone
markers even with natural VitD.

CVD and CKD effect of VitD TO BE
PROVEN




Ophrys Insectifera, Ophrys mouche , rare




La vitamine D native optimale

« Absorption quotidienne ou
production suffisante pour que sa
disponibilite ne soit un frein a aucun

metabolisme dependant de la vitamine
D mais qu'aucune toxicite
n’apparaisse. »




Vitamin D Control Mean Diffarence Mean Difference
Study or Subgroup Mean 8D Total Mean 8D Total Weight IV, Random, 5% CI IV, Random, 5% Ci
Chandra 2008 0 19043 10 M6 22780 10 19% -TE.O0[-250., 107.4) ¢
Dogan 2006 A8 M 0 W % 0 48% -000[124.69, 106.89]
Sicbed 2007 i 07 19 1822 1365 10 10.0%  -5.10-85.60, 75.40)
Wissing 2005 M 2 8 60 6 4 8% 00062, 70
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Figure 4, | Effect of vitamin D supplementation on PTH levels at the end of treatment period among RCTs in CKD,

Vitamin D Supplementation in Chronic KidneyDisease: A Systematic Review and
Meta-Analysis of Observational Studies and Randomized Controlled Trials
25(0OH);1,25(0OH) D, PTH, hypercalcemia, hyperphosphatemia

Available evidence from low-to-moderate quality observational studies and fewer RCTs

Kandula et al CJASN 2011 suggests that vitamin D supplementation improves biochemical endpoints. However,
whether such improvements translate into clinically significant outcomes is yet to be
determined.




Table 1, Belected Oral Chelecalefers| Pulse Dosing Studies in Patients With Kidney Failure Requinng Hemedialysis

Mo. Randomly  Equivalent Bazeline Final
Assigned o Yitamin O, Dumtion Total Dose Serum Serum Yitamin [
Study Yitamin O, Dose Ukl {wk Iy 24OHD{ngmly X5OHI0{ng/ml} Sufficient %)

Armas t af (2012) 0 10,338 G485 133 169 R
Deknaye etal’ (2013) 16 12 5 g0 12 4 7
chmak etal"” (2008 64 20,000 HOH0 66 44 57
san et al” (2008) 17 25 (100 1E000 124 423 4

assant et al’ (014) 26 25 (100 e 17 152

argkmann etal'” (2018) 13 420 00 B3 B4
3556 &1 4" [£01E) i 3 i (00 144 k74

Note: Mean values rparted except for Armas &t af and Delanaye &t al” which reported median values.
Abbreviations: ZB(0OHD, E5-mpdrowyvitamin D; NH, not reported

AJKD 2014: 64: 667 Natural Vitamin D2 an 3




Paricalcitol aggravates
perivascular fibrosis in rats
with renal insufficiency and
low calcitriol

JM Repol, IS Rantala2, TT
Honkanen2, JT
Mustonen3,4, P Ko o™ bi5,
AM Tahvanainen3,4, OJ
NEIEIENE

| Tikkanen7,8, JM Rysa™9,
HJ Ruskoaho9 and IH Po”
rsti3,4

Kidn Intern. 72; 979 ;2007

Cardiac perivascular fibrosis
and connective

tissue growth factor were
significantly increased in the
remnant kidney groups, and
further increased in
paricalcitoltreated

rats.

Fiyure 4 |[CGamdiac histology. Representative ariginal
photomikragraphs showing <cardiac paerivas<ular fibrosis




The number, guality, and coverage of randomized controlled trials in

nephrology

-
%)
«
-
2

g

2

CARDIOVASCULAR
DIGESTIVE SYSTEM

NERVOUS SYSTEM
INFECTION

IMMUNOLOGIC

NEOPLASMS

RESPIRATORY TRACT
NUTRITION AND METABOLISM
ENDOCRINE
MUSCLE/SKELETAL

SKIN AND CONNECTIVE TISSUE
HEMIC/LYMPHATIC

KIDNEY

Number of randomized controlled trials (RCT) published in nephrology
and 12 other specialties of internal medicine from 1966 to 2002

Strippoli GF: JASN 15: 411-419, 2004

3565



Post supplemeantation Basellne Mean Difference
Study or Subgroup Mean SO Total Mean SD Total Weight IV, Random, 5% C1
1.2.1 Predialysis
Al Aly 2007 Stage 3 136 70.58 a4 174 13828 44 6.3% -38.00 [-85.40, 9.40]
Al-Aly 2007 Stage 4 306 304.87 2 346 27204 2 07% -39.00208,74,131.74]
Deville 2006 Stage 3 1257 62 26 1428 &8 2:J 80% -17.10 [-66.92. 22.72]
Daville 2006 Stage 4 1571 104 51 1914 126 5 68% <3430 [-79.14, 10 54)
Finn 2007 103 76 20 184 157 20 29%  -B100[-157 44, -4.56)
Lopes 2009 100 562 7 116 T 33 114% -16.00 [-45.12, 1312)
Zimman 2007 CKD 3 1305 9357 24 1541 9063 24 55% -3 80 |-75.72, 28 52)
Zisman 2007 CKD 4 1387 9842 28 16848 15604 28 36% «25.10 [+93.12, 4292}
Subtotal (85% CI) 282 288 459% -26.24 [43.04, -0.44)
Heterogenalty. Tau* =000, ChE=3.04 of = 7 (F = 0.88), I = 0%
Tes! for overall effect Z = 3.08 (P = 0.002)

1.2.3 Dialysis

Bagnis 1998 69 58 15 187 10 -88.00 [-150.83, -25.07]
Balon 2009 245 2103 77 2807 2108 -56.20 [-122.68, 10.28]
Blair 2008 4227 4141 150 453 458 -30.30 [-114.27, 53.67)
Bouchard 2008 570 5304 27 562 5885 26,20 [-325.03, 272.83)
Daville 2006 Stage 5 1904 74 8 2047 o -14.30 [-96.58, 86.96)
Jean 2009 2068 13 107 3079 142 10110 [1135.49, 66.71)
Matias 2009 227 133 158 267 174 <40.00 [-74.15, -5.85)
Saab 2007 20974 1954 118 30429 299.76 -94.55 [-158.11, -29.99)
Shah 2005 27085 220863 22 30213 w82 -31.18 [-150.94, 88 58)
Tokmak 2008 208 219.04 B4 21304 20704 <504 |-78.88 8280|
Subtotal (85% Cl) 746 <5949 [-81.50, .35.40)
Heterogensity: Tay® = 39790, Chi' = 1268 of =0 (P = 0.18) F = 29%

Test for overall effect: Z = 4. 84 (P < 0.00001)

1.24 Transplant

Courbetalsse 2009 83 875 47 76 162285 47 -13.00 [-65.70, 39.70]
Pessenson 2007 959 47 4 1372 &2 4 4130 [-78.02, 4.58)
Subtotal (95% CI) 81 61 -32.05 [62.18, -1.93]
Hoterogenaity: Tau® = 0.00; ChF = 0.75, of = | (P = 0.39); P = 0%

Tast for overall effect: Z = 2.08 (P = 0.04)

Total (95% C1) 1099 1208 100.0% 41,72 [-55.78, -27.85] e
Heteroganaity: Tau® = 232.24; Chi* = 2524, of = 19 (P = 0.15); I* » 25% ' + ¥ \
Test for overall effect: Z = 581 (P < 0.00001) .mmfnompmom;s?npnlm
Test for subaroup differences Ch* =877, df =2 (P=0.01L "= 77.2%

CJASN 2011

Figure 3. | Effect of vitamin D supplementation on PTH levels at the end of treatment period among ohservational studies in CKD.




CONCLUSIONS
® |Low bone turn over seems to favor development of
vascular calcifications.

®* PTH seems not to play a direct role in the development of
vascular calcifications.

® Calcimimetics and vascular calcifications ?

®* Bisphosphonates are powerful protectors against the
development of vascular calcifications.

®* Paricalcitol looks a promising Vit D : lowering PTH
synthesis in the ABSENCE of hypercalcemia and
increase(mRNA,protein) of cbfal abd osteocalcin.



Differential effects of vitamin D receptor activators on vascular
calcification in uremic rats

Negative control Osteocalcin

Immunohistochemistry in aorta

Mizobuchi M et al: Kidney Int: in press 2007

DDW3607






Posologies
(Holick M. N Engl | Med 2007;357:266-81)

Table 3. (Continued.)

Cause of Deficiencyy
Adults
Primary or tertiary hy perparathyroidism

2,3,5,7.91-94

Nephrotic syndrome

Chronic kidney diseasef
Stages 2 and 3

Stages 4 and 5

Preventive and Maintenance Measures
to Avoid Deficiency

800-1000 IU of vitamin D3/day, 50,000 U
of vitamin D; every 2 wk (serum calcium
levels will not increase),''* maintenance
dose is 50,000 U of vitamin D; every
2or 4 wki

1000-2000 U of vitamin D,/day, 50,000 IU
of vitamin D, once or twice/wk,*%4
maintenance dose is 50,000 U of vitamin
D, every 2 or 4 wk’}

Control serum phosphate,® 1000 U of vitamin
Ds/day, 50,000 IU of vitamin D, every
2 wk,*%% maintenance dose is 50,000 IU of
vitamin D, every 2 or 4 wk; may also need
to treat with an active vitamin D analog
when vitamin D sufficiency is obtaineds:

1000 IU of vitamin D,/day,** 50,000 IU of vita-
min D; every 2 wk, need to treat with 1,25-
dihydroxyvitamin D; or active analogues:

Treatment of Deficiency

50,000 IU of vitamin D, once a wk for
8 wk; repeat for another 8 wk if
25-hydroxyvitamin D <30 ng/ml

50,000 1U of vitamin D, twice/wk for 8-12
wk*94, repeat for another 8-12 wk if
25-hydroxyvitamin D <30 ng/mlj

50,000 U of vitamin D, once/wk for 8
wk™ %% repeat for another 8 wk if
25-hydroxyvitamin D <30 ng/mij

0.25-1.0 ug of 1,25-dihydroxyvitamin D,
(calcitriol)>%91.9%.94 by mouth twice a
day or one of the following: 1-2 ug of
paricalcitriol IV every 3 days, 59994
0.04-0.1 ug kg IV every other day ini-
tially and can increase to 0.24 ug/kg,
2—-4 ug by mouth three times/
wk,é,m.‘?a.‘u or doxecalciferol""‘“""""
10-20 ug by mouth three times/wk or
2-6 ug IV three times/wk




Biochemical markers for. diagnoesing ROD. in
predialysis ESRE patients: ROC curves

BAP <25 U/L
iPTH <259 ng/L

2
2
‘»
5
(7]

Sensitivity

ABD + Normal

50%
1-Specificity

50%
1-Specificity

ROC curves for BAP, TAP, iPTH and OC levels in the diagnosis of ABD (left), or ABD and normal
bone considered one group (right) vs. other types of ROD.

Bervoets AR et al: Am J Kidney Dis 41: 997-1007, 2003

2946



1 Metformin I1s metabolized In the liver,

2 Metiorlin Is not accumulated 1n patients with rnal tarure

3 Mettormin may accelerate tghe progression of Kidney damage in

patients with CKD3-5

4 Metformin may induce a lactic acidosis under paricular conditions

5 Metformin is an expensive drug

Correct answer nr 4




What i1s TRUE?

1 Vit D is inducing hypocalcemia in CKD patients

2 Vit D stimulates PTH at gene transcriptional level

3 Natural vit D inhibits PTH in CKD hyperparathyroidism

4 Vit D prolongs the life of CKD patients in Randomized Clinical Trials

5 Paricalcitol 1s a synthetic Vit D with less side effects on the calcium —
phosphate metabolism in CKD patients, compared to other synthetic
preparations.

Correct answeris nr 3



What Is True?

1 CKD 3 according to the KDIGO guidelines i1s eGER < 60ml/min /1.73m?2
and proteinuria.

2 Proteinuria is a stable phenomenon particularly in his mild form

3 CKDS5 patients are mainly women.

4 Confirming proteinuria and “chronicity” of decreasd eGFR is essential
before considering an individual as having CKD.

5 Majority of individuals with CKD4-5 have mild or overt proteinuria

Correct answer nr 5



Is low plasma 25-(OH)vitamin D a major.
risk factor. for. hyperparathyroidism and
Looser's zones independent of
calcitriol?

25(0OH)-VitD

—_— e =P ——— —

Plasma PTH 1-84, pmol/iter
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Plasma Ca, mmol/liter
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Ghazali A et al, Kldney Int 55: 2169-2177, 1999 Plasma 250HD vitamin D, nmol/liter
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