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OPIZMOz AIATAPAXHZ METAAAQN KAI O2TQN
2E AZOENEIZ ME XPONIA NEDPIKH NOzO (CKD-Mineral Bone Disorder)

OPMONEZ/

Definition, evaluation, and classification of renal
BITAMINEZ/

osteodystrophy: A position statement from Kidney
Disease: Improving Global Outcomes (KDIGO) METAAANA

Table 3 | Definition of CKD-MBD

A systemic disorder of mineral and bone metabolism due to CKD

manifested by either one or a combination of the following:
Abnormalities of calcium, phosphorus, PTH, or vitamin D metabolism
Abnormalities in bone turnover, mineralization, volume, linear growth,

or strength
Vascular or other soft tissue calcification

ROD -
Renal OsteoDystrophy

Kidney International (2006) 69, 1945-1953



AIATAPAXH METAAAQN KAI OZTQN ZE XNN (CKD-Mineral Bone Disorder)
AlO TA OZTA 2TA AITEIA ...

noc evoladepet emeldn ...

Oepancsutikéc anodpAoeLc yia tnv ooteoduotpodia ...

oxeti{ovtal ue ayyelakn vooo Kat kapdiayyeiakn Svnrtotnta !!

OPMONEZ/BITAMINEZ/ METAAAA
AIBEITIO/ ®Qi®OPO:/ PTH/ FGF23

-«

ROD - Renal OsteoDystrophy

Kidney International (2006) 69, 1945-1953



AIATAPAXEZ TOY METABOAIZMOY TQN METAAAQN KAI
KAPAIATTEIAKEZ EENA2BE2TQ2EIZ 2TH XNN

TIpoayouv Tnv emacPeéoTwon:

Pwaopopog, AapéaTio, PiT-D, YmepmapaBupeoeidiopog,
oupdipia, pAeyHovh

Thrombosis
SS Inflammation Fetuin-A

Angiotensin I

Endothelium

AvdoToAEiC TWV
cTAoPDEOTWOEWV:

tcaxp Fetuin-A

BMP-2/4  OPG -
Leptin MGP |Calcification

QETOUIVH'A, bmp-7, Vitamin D B%Fl;h-l? inhibitors
Mayvihaio, mGP

Circulation 2007;116:85-97



Kapdiayyetokec emaoPfeotwoelc oe XNN




AOHPO:IKAHPQTIKEZ KAl APTHPIOZKAHPYNTIKEZ
AITEIAKEZ ENAZBE2TQ2EI2

>

All-cause survival

7 =44.3; £<0.00001

%*=34.9;P<0.0001
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Fig. 2. All-cause (A) and CV mortality (B) of ESRD patients as a
function of their arterial calcification status.

London G Nephrol Dial Transplant (2003) 18: 1731-1740



MOP®OAOrIA THZ AOGHPOZKAHPQZHZ 2TH XNN: IVUS

iComposition and plaque patterns of coronary

}culprit lesions and clinical characteristics of
|

patients with chronic kidney disease

Keiji Kono ', Hideki Fu Kentar akai’, Shunsuke Goto inya Shite®, Ken-ichi Hirata

Area of calcium (degree)

.60  30-60 <30
eGFR (mVmin per 1.73m?)

Figure 5| Maximal arc of calcium deposit in the culprit lesion.
HD, hemodialysis. Vs. eGFR (ml/min per 1.73m") >60: “P<0.05 vs.
30< eGFR<60: P <0.05. eGFR, estimated glomerular filtration rate.

Kidney International (2012) 82, 344-351
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FGF23 kot veosupavilouevn LVH os vopuotaoikou¢ acBeveic pe XNN
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Faul C et al.

cFGF23 n=3.070 Median eGFR 42 ml/min

P for linear trend < 0.001

Quartile 1

Quartile 2 Quarlile 3
FGF23 quartiles

Quartile 4

Elevated FGF23 is associated with increased
risk of new-onset LVH
411 pts normal LV geometry at baseline,
84 (20%) new onset LVH (2.92%0.5 years later)
Elevated FGF23 levels at baseline were
associated with increased future risk of new
onset LVH both in normotensive subjects

J Clin Invest 121: 4393, 2011




OPIZMOz AIATAPAXHZ METAAAQN KAI O2TQN
2E AZOENEIZ ME XPONIA NEDPIKH NOzO (CKD-Mineral Bone Disorder)

Definition, evaluation, and classification of renal
osteodystrophy: A position statement from Kidney
Disease: Improving Global Outcomes (KDIGO)

OPMONEZ/BITAMINEZ/ METAAAA 1
AIBEITIO/ ®Qi®OPOZ/ PTH/ FGF23

ROD - Renal OsteoDystrophy

Kidney International (2006) 69, 1945-1953



, , 1,25-D; kot o€ acBeveic pe XNN otadiov 1-5

— Fibroblast Growth Factor 23
— 1,25 Dihydroxyvitamin D
~— Parathyroid Hormone

— Phosphate
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Dialysis
30 15 0

GLOMERULAR FILTRATION RATE
(ml/min/1.73m?)

Wolf M. J Am Soc Nephrol 21:1427, 2010



~50 %

NEDPIKH OZTEOAYZTPOODIA

o GFR 30-40 ml/min
>80 % og GFR <20 ml/min
ExelL avénueveg tiuéc PTH !

B Hyperphosphatemia, serum phosphate =4.6 mg/dl
[ secondary hyperparathyroidism, PTH =65 pg/ml
Bl FGF23 excess, FGF23 >100 RU/ml

ANTPAZ 55 eTwv
Cr ~2 mg/dl

c
Q
44—
©
2
o
o
o
e
o
B

<20 20-29 30-39 40-49 50-59 60-69 =>70
Estimated glomerular filtration rate, ml/min per 1.73 m?
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AYzHZH THZ NAPAOOPMONHZ ZTHN NMAEIOWHO®IA TQN AZOENQN :
AEYTEPOIIAGHZ YTIEPITAPAOGYPEOEIAIZMOZ

Single nodule

Monoclonal: o

LUIVDR ey tH

L1l CaR v s
\ + Nodular transformation is

Polyclonal:
| VDR Early
| CaR . hodularity

Sioduiar accompanied by reduced VDR and
CaSR expression and a decreased
sensitivity to Ca and vitamin D
signalling on PTH secretion’

Normal 1 Secretory Diffuse [
cells

Parathyroid hyperplasia progression'?

—Q

SHPT Tertiary HPT Parathyroidectomy

Therapy resistance

H napoucia avénuevng PTH oxedov oe 0Aou¢ touc acdeveic TEAIKOY ZTAAIOY
odnyei oe
uia kowvn tumtikn) OZTIKH BAaBn «wvwdou¢ KuoTIKNG ooTeitiéac»?



NEDPIKH OZTEOAYZTPOO®IA 2TH XNN
AEN EINAI ENA EIAOZ O2TIKHZ NOzOY !!

(OM, osteomalacia) AAYNAMIKH ?!
(AD, adynamic bone disease) Ootkn) N6oog

|‘ ted bone ¢ 2€dot)
(MUO, mixed uremic osteodystrophy)

P (VRIS .

:i Adynamic bone Y

E . L e AR
Bone
volume

fee ‘ Oste brosa

g 2 FES o ) % s e
Aluminum ?? PTH PP NI

‘EAAewpn Vit D «KAAGGLKOC» 2IaOnC
YnepnoapaOupeoelSLONOG
Ivwdng kuotikn OcTeltig

Kidney International (2006) 69, 1945-1953
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NEDPIKH OZTEOAYZTPO®IA 2TH XNN TEAIKOY ZTAAIOY
AEN EINAI ENA EIAOZ OXTIKHE NOzOY !!
AANA H DEXA MIIOPEI NA EINAI H 1AIA !!!
B  Normal bone mineralisation

Demineralised bone

1.250 g/cm? 0.750 g/cm? 0.750 g/cm? 0.750 g/cm?
Normal Sis Osteomalacia Adynamic Secondary
bone hyperparathyroidism
disease

BoverJ Nefrologia (Engl Ed). 2018 Sep-Oct;38(5):476-490
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NEDPIKH OZTEOAYZTPODIA
AEN EINAI ENA EIAOZ OXTIKH:Z NOzOY !!

(OM, osteomalacia) AAYNAMIKH ?!
(AD, adynamic bone disease)

(MUO, mixed uremic osteodystrophy)

AT o
' Adynamic bone

J i

* N
5 . %
AN e\

teitis fibrosa |

«KAaoowkoc» 2nadng
YnepnopaOupeoelSLONAG
Ivwdng kuotikn OcTeltig

Kidney International (2006) 69, 1945-1953
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H Aduvaputikn Ootikn vooog epdaviletol o€ onUAVTIKO TOCOOTO
oipoka@atpopevwv acBevwv (XNN teAitkou otadiou)

Renal Osteodystroph : e of the New
Millennium: Analy5 of 630 Bone Biopsies |
and White Patients

Hartmut H Malluche, Hanna W Mawad, and Marie-Claude Monier-Faugere
Division of Nephrology, Bone and Mineral Metabolism, University of Kentucky, Lexington, KY, USA
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J Bone Miner Res. 2011 Jun; 26(6): 1368-1376
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NE®PIKH OZTEOAYZTPODIA
MAPATONTEZ 2XETIZOMENOI ME AAYNAMIKH OZTIKH NOzO

Uremic toxins
indoxyl sulfaig
- ‘

Hypoparathyroidism
(relative, absolute)

Resistance 2
e

Metabolic Adynamic Aluminum
acidosis Bone Disease overload

Malnutrition

. Long-term anti-
Alcoholism resorptive therapy
Immuno- (bisphosphonates)
suppressive
age
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Ot tiun e i-PTH 8€v eivan evaioOntog Kat L6LKOC HELKTNC TOU TUTIOU
TNG OCTLKAG VOOOU

Sensitivity and spedfiaty of parathyroid hormone
using cutoffs of published dinical practice
guidelines to predict bone turnover as assessed
by bone formation rate /bone surface

NKF-KDOQI guideline cutoffs
| IPTH <150 pg/mL for low turnover | 68.6%

IPTH =300 pg/mL for high turnover 58.0%

KDIGO guideline cutoffs

| IPTH <2 = ULN for low turnover

IPTH =9 = ULN for high turnover
KDIGO guideline cutoffs

| wPTH <2 = ULN for low turnover |

| wPTH =9 x ULN for high turnover |

Sprague et al Am J Kidney Dis. 2016;67(4):559-566
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OEPATEVTIKEC MOPEUBACELG KOL GTOXOC
PTH
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To 10TOopIKO TWV KDIGO-MBD Guidelines

20031 KDIGO® was
established as an
independent nonprofit
foundation

2009 First KDIGO®
CKD-MBD Clinical
Practice Guideline

20172: KDIGO® CKD-MBD
Clinical Practice Guideline
Update

20103 European Renal Best Practice
Commentary Statement

20104 KDOQI US Commentary on the
2009 KDIGO

KDIGO®, Kidney Disease: Improving Global Outcomes; NKF-KDOQI, National Kidney Foundation Kidney Disease

Outcomes Quality Initiative
1.

2.

KDIGO 2009 Clinical Practice Guideline for the Diagnosis, Evaluation, Prevention, and Treatment of Chronic Kidney

Disease—Mineral and Bone Disorder (CKD-MBD).
KDIGO 2017 Clinical Practice Guideline Update for the Diagnosis, Evaluation, Prevention, and Treatment of Chronic

Kidney Disease—Mineral and Bone Disorder (CKD-MBD).

3. Goldsmith JA, et al.
4.

Uhlig K, et al.

Kidney Int Suppl. 2009;S113:S1-S130.

Kidney Int Suppl. 2017;7:1-59.
Nephrol Dial Transplant. 2010;25:3823
Am J Kidney Dis. 2010;55:773-799.
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Ta enineda PTH ovoyxetilovtal pe
Kivéuvo katayuatog, Kapdiayysiaka kat EmtiBiwon oe acOeveic pe XNN 3-4

PTH levels independently predict A fracture, and B vascular events, and death in CKD Stage G3-G4

m

Vascular
events

Fracture
events
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1
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|

10 year probability of fracture
10 year probability of event

50 100 150 200 250 300 350 400 100 150 200 250 300 350 400
Baseline PTH level (pg/mL) Baseline PTH level (pg/mL)

Geng S et al. Osteoporos Int 2019;30:2019-2025
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OL avavewpeveg katevBuvtnpleg odnyiec KDIGO 2017
OEPAIIEIA TQN NMAGOAOTIKQN ENIMNEAQN NAPAGOPMONHZ ?

XNN 3a-5 (OXI ZE E2QNEDPIKH KAGAPZH)

Chapter 4.2: Treatment of abnormal PTH levels in CKD-MBD

4.2.1: In patients with CKD G3a—G5 not on dialysis, the optimal PTH level is not known. However, we suggest that
patients with levels of intact PTH progressively rising or persistently above the upper normal limit for the assay
be evaluated for modifiable factors, including hyperphosphatemia, hypocalcemia, high phosphate intake, and
vitamin D deficiency (2C).

.2.21 In adult patients with CKD G3a—G5 not on dialysis, we suggest that calcitrio vitamin D analogs not be
routinely used (2C). It is reasonable to reserve the use of calcitriol and vitamin D analogs for patients with CKD
G4-G5 with severe and progressive hyperparathyroidism (Not Graded).

In children, calcitriol and vitamin D analogs may be considered to maintain serum calcium levels in the
age-appropriate normal range (Not Graded).

KDIGO 2017 Clinical Practice Guideline Update for the Diagnosis, Evaluation, Prevention, and Treatment of Chronic
Kidney Disease—Mineral and Bone Disorder (CKD-MBD) Kidney Int Suppl. 2017;7:1-59
21



Oeparneia twv MTAGOAOTIKQN ENIMNEAQN MAPAGOPMONHE og XNN 3-5 ?

XNN 3a-5 (OXI ZE E2QNEDPIKH KAGAPZH)

Effect of Paricalcitol on Left Ventricular Mass and
Function in CKD—The OPERA Trial

Table 4. Change in key laboratory parameters and BP from baseline to 52 weeks

Laboratory Parameters

Calcium, mmol/L
Baseline
Week 52

Phosphorus, mmol/L
Baseline
Week 52
Change from baseline to 52 wk
Alkaline phosphatase, U/L
Baseline
Week 52
ittt SV
iPTH, pg/ml
Baseline
Week 52
ange from baseline to 52 wk

Wang AY-M, et al.

Paricalcitol (n=30) Placebo (n=30)

2.32(0.10) 2.34 (0.09) SCa-Caleium (mmoliL) SPO4-Phosphorus (mmol/L)
' ' ' ' 245 1.45
2.39(0.11) 2.34 (0.08) i

o TO. U2 o Tu. .01 (—006 to +0.05)

1.35(0.27) 1.26 (0.14)
1.37(0.23) 1.32(0.16)
+0.08 (—0.07 to +0.18) +0.07 (—0.08 to +0.21)

74 (24) 85 (23)
60 (20) 87 (26)
—12(-21to0 —1) +2 (—6to +10)

156 (109 to 235) 158 (121 to 176)
51(37 to 78) 167 (107 to 330)

+21 (=25 to +134)

Visit Week

®—@—@® SPOdparicalcitol @ @@  SPO4-placebo

A&k SCaparicalcitol A=A 4 SCa-placebo

J Am Soc Nephrol. 25:175-186.
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Oeparneia twv MTAGOAOTIKQN ENIMNEAQN MAPAGOPMONHE og XNN 3-5 ?

XNN 3a-5 (OXI ZE E2QNEDPIKH KAGAPZH)

Vitamin D Therapy and Cardiac Struc-
ture and Function in Patients With

Chronic Kidney Disease
The PRIMO Randomized Controlled Trial

rroid Hormone

Mean Intact Parathy

0

112 105 106 104
115 111 112 108

Paricalcitol
(N=115)
n (%)
92 (80.0)
17 (14.8)
7(6.1)

Any Adverse Event
Any Severe Adverse Event®
Renal function decreased

Laboratory Value

Paricalcitol
Potassium (mEg/L)
Albumin (g/dL)
Calcium (mg/dL)
Phosphate (mg/dL)
Intact parathyroid hormone (pg/mL)

0.23 (0.07, 0.39)

Thadhani R, et al.

-0.18 (-0.29, -0.08)
-0.10 (-0.16, -0.03)
0.32 (0.19, 0.45)

-83.13 (-97.81, -68.45)

Placebo
(N=112)
n (%)
87 (77.7)
11 (9.8)

Change at 48-Weeks (95% Cl)

P-value®
0.02
0.03

=0_001
0.054
=0.001

Placebo
-0.01(-0.12,0.11)
-0.18 (-0.25,-0.11)
-0.25 (-0.37, -0.12)
0.04 (-0.12, 0.20)
0.87 (-13.80, 15.53)

% Placebo

7_,_,_1— Paricalcitol

Overall
P-value®

0.006
0.02
<0.001
0.001
<0.001

JAMA. 2012;307:674-684
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Oepaneia twv MAGOAOTKQN EMNIMEAQN NMAPAGOPMONHZ o€ XNN 3-5 ?

XNN 3a-5 (OXI ZE EEQNEDPIKH KAGAPZH) m

Left Ventricular Mass Index Change From Baseline to End of Study

PRIMO study? OPERA study?
P =NS P =NS
L 0,34
0 1 e
£ -0,07
@_1 _
=5
Q5 -2 - m Paricalcitol
o>
£ 2-3 - m Placebo
O ®©
E .4 -
>
—
-3 1 -4,85
_6 .

The 2017 KDIGO® guidelines recommend that calcitriol and vitamin D analogs should
not be routinely used in CKD stages 3-5 not on dialysis (level of recommendation, 2C)

Thadhani R, et al. JAMA. 2012;307:674-684.

Wang AY-M, et al. J Am Soc Nephrol. 25:175-186
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OL avavewpeveg katevBuvtnpleg odnyiec KDIGO 2017
OEPAIIEIA TQN IMAGOAOTIKQN EMIMNEAQN INAPAGOPMONHZ ?

XNN 3a-5 (OXI ZE E2QNE®PIKH KAGAPZH)

Chapter 4.2: Treatment of abnormal PTH levels in CKD-MBD

4.2.11 In patients with CKD G3a—G5 not on dialvsis i ' el is (oW ey ‘e sugeest that
patients with levels of intact PTH progressively rising or persistently above the upper normal limit for the assay
be evaluated for modifiable factors, including hyperphosphatemia, hypocalcemia, high phosphate intake, and
vitamin D deficiency (2C).

2.2: In adult patients with CKD G3a—G5 not on dialysis, we suggest that calcitriol and vitamin D analogs not be
routinely used (2C). It is reasonable to reserve the use of calcitriol and vitamin D analogs for patients with CKD
G4-G5 with severe and progressive hyperparathyroidism (Not Graded).

In children, calcitriol and vitamin D analogs may be considered to maintain serum calcium levels in the
age-appropriate normal range (Not Graded).

KDIGO 2017 Clinical Practice Guideline Update for the Diagnosis, Evaluation, Prevention, and Treatment of Chronic
Kidney Disease—Mineral and Bone Disorder (CKD-MBD). Kidney Int Suppl. 2017;7:1-59.
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Oeparneia twv MAGOAOIKQN ENINMEAQN NAPAGOPMONHSE o XNN 3-5 ?
Emavekriunon tn¢ aiag/oroxwyv tn¢ 25-OH D orn XNN ?

Rationale for Raising Current Clinical Practice

Guideline Target for Serum 25-Hydroxyvitamin D
in Chronic Kidney Disease N
Extended-release calcifediol
M Placebo-CKD 3

M Placebo-CKD 4 p'=_r|15 (ERC)

I ERC-CKD 3 QALY
0 ERC-CKD 4

o Serum total 25-OH-D,
Plasma iPTH
% of baseline
(o] O 8
(e ] o (]

~
(]

Weeks 8-12, Weeks 20-26,
average average

)
o
S
IQJ
o2
=
N'g
— ©
e
=
[l
+* o
£ o
3
=
(]
%]

Weeks 8-12, Weeks 20-26,
average average

Strugnell et al Am J Nephrol 2019;49:284-293
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Oeparneia twv MAGOAOIKQN ENINMEAQN NAPAGOPMONHSE o XNN 3-5 ?
Emavekriunon tn¢ aiag/oroxwyv tn¢ 25-OH D orn XNN ?

Rationale for Raising Current Clinical Practice

Guideline Target for Serum 25-Hydroxyvitamin D
in Chronic Kidney Disease

Mean (SE) posttreatment

Quintile 1:
Ca 9.3(0.05) / P 3.8(0.06) mg/dL

Quintile 5
Ca 9.45(0.03) /P 4.0(0.07) mg/DlI

@
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XQPIZ AIAQOPA !!
30 40 50 60 70 80 90

Post-treatment 25-OH-D level, ng/mL

Strugnell et al Am J Nephrol 2019;49:284-293
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Regular and early monitoring Correcting vitamin D
of PTH from CKD Stage G3a deficiency/insufficiency

FAN 7~ Unclear target levels for:
" Optimal PTH
25(OH)D to achieve sufficient PTH reduction

Defining an optimal treatment strategy:

\25(0H)D\ Ca \ PTH || FGF-23

Nutritional
vitamin D:

Actlve vitamin
Dlanalogues “ t “ f l
Treatment

goal:

Novel approaches provide new opportunities

Ketteler M, Ambiihl P. J Nephrol. 2021 Oct;34(5):1405-1418
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Ol avavVEWUEVEG KATEVOUVTPLEC 0ONYiEC
OEPATIEIA TQN [MAGOAOTIIKQN ENIMNEAQN NMAPAGOPMONHZ ?

TEAIKOY ZTAAIOY : ZE EZEQNEDPIKH KAGAPZH)

2017 KDIGO® recommendations

4.2.2 CKD stages 3a-5, not on dialysis (Extoc ewveppiknc kadaponcg)

* Calcitriol and vitamin D analogs should not be routinely used (2C)

* Reserve the use of calcitriol and vitamin D analogs for patients with CKD stages 4-5
with severe and progressive hyperparathyroidism (Not Graded)

4.2.4 CKD stage 5D requiring PTH-lowering therapy:

» Suggest calcimimetics, calcitriol, or vitamin D analogs, or a combination of
calcimimetics and calcitriol, or vitamin D analogs (2B)

29



Outiun N6 i-PTH 8&v eivan evaioOntog Kat L6LKOG SELKTNC TOU TUTIOU
NG 00TIKAG vVOooou o€ acBeveic pe XNN teAkoU otadiou

2E EQNEODPIKH KAOGAPzH

Patients included in analysis

Diagnostic Accuracy of Bone Turnover Markers and Bone n =492
Histology in Patients With CKD Treated by Dialysis

Stuart M. Sprague, DO," Ezequiel Bellorin-Font, MD,” Vanda Jorgetti, MD, PhD,”
Aluizio B. Carvalho, MD, PhD,* Hartmut H. Malluche, MD,® Anibal Ferreira, MD, PhD,°®
Patrick C. D’Haese, PhD,” Tilman B. Driieke, MD,° Hongyan Du, MB, MS,’
Thomas Manley, RN, CRNA,® Eudocia Rojas, MD,” and Sharon M. Moe, MD'°

Bone Turnover as Classified
by Histomorphometry

Reference Range

iPTH, pg/mL 68.21(23.2-186.3] 180.7{50.0-717.9] 382.6{139.5-865.5] 15.0-65.0

Sprague et al Am J Kidney Dis. 2016;67(4):559-566
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Ou tiun t™n¢ i-PTH 8€v eivan evaioOntog Kat L6LKOC HELKTNC TOU TUTIOU
NG 00TIKNG vOoou o€ aoBeveic pe XNN teAikou otadiov...
oute yia tn depancia tng ue Baon ta npotswvousva opia !

2E EQONEODPIKH KAOGAPZH

Differentiating high from non-high Differentiating low from non-low
turnover bone disease, or “When do | turnover bone disease, or “When do |
START therapy?” STOP therapy?”
100
90 80
86 87
90 20 69 66
80
70 60
£ 60 = 50
o )
g o0 O 40
= 3
a 40 a 30 m NKF-KDOQI
30
20 20 = KDIGO
10 10
0 0
Sensitivity Specificity PPV NPV \\4’\6
o
= R

Sprague et al Am J Kidney Dis. 2016;67(4):559-566
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OL MoAU av€nMEVEC TIHEC TapaBoppovne cuoxetilovtal pE
auénuévo Kivduvo Katayuatwy ...
... TO {610 OUWC KoL Ol YOUNAEC

Diagnostic usefulness of bone mineral density and biochemical markers
of bone turnover in predicting fracture in CKD stage SD patients—a

single-center cohort study SE EEQNE®DPIKH KAGAPZH

p-2
-
=
S
O
—
o
s

<150
150-300

Probability of fracture-free survival (%)

e TETAPTHMOPIA

— st quartile

---- 2nd quartile
3rd quartile
highest quartile

Probability of fracture-free survival (%)

24 36
observation time (months)

limori S et al.. Nephrol Dial Transplant. 2012;27:345-351
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Ot MOAU au€nMEVEC TIHECG Ttapa@opovnG cuoxetiovtal ME

avénuévn Svnrotnta...
... TO {610 OUWC KoL Ol YOUNAEC

20 Evpwnaikd Kévtpa COSMOS study

2E EEQNEDPIKH KAGAPzH
6797 evAALKEC aluoKadaLpOUEVOL

Baseline serum PTH 168-674 pg/mL Baseline serum PTH <168 pg/mL
' \ Univariate
95% ClI * Model 1
Model 2

Univariate (Model 3)
Model 3

-
N
()]

95% Cl
(Model 3)

b
o
o

Model 2
Observations

distribution

i)
©
oC
©07
v
N
©
e

0.

Observations
distribution

-600 -300 0 200 500 800 -200 0 100 200 300 400 500
<+—Decrease=——4———|ncrease—————> <+Decrease=————|ncrease=——————>»
Serum PTH change (pg/mL) Serum PTH change (pg/mL)

Fernandez-Martin JL et al Nephrol Dial Transplant (2015) 30: 1542-1551
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2toxot MapaBoppovne, Ca, P oe XNN teAwkov otadiov/Dialysis
KaBopilovtal mAéov amno pelEtec emiBiwonc !!

Serum phosphorus Serum Calcium
00a [ asss (54-95
| |
(oice

COSMOS

0.75 1.00 125 150 1.75 200 225 250 2.75 3.00 3.25 3.50 P (mmol/L)

250 2.75 Ca(mmol/L)
Serum PTH |

KDOQI ‘

KDIGO ‘I 2 to 9 times the upper limit of the assay D

| \ I

0 100 200 300 400 500 600 700 800 900 1000
pg/mL (ng/L)

Fernandez-Martin JL et al Nephrol Dial Transplant (2015) 30: 1542-1551
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XPONIA NEODOPIKH NOzOz KAI KINAYNOZ KATATMATOZ
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KATATMATA KAl ZYNOAOZ NOZHPOTHTA / ONHTOTHTA
2E AZOENEIZ ME XPONIA NEODOPIKH NOzO

High rates of death and hospitalization follow bone
fracture among hemodialysis patients

Eur/A/NZ, among patients
without fractures

Eur/A/NZ, after fracture

Japan, among patients
without fractures

Japan, after fracture

North America, among
patients without fractures

North America, after fracture
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Kidney Int (2013) 85, 166-173
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MAPATONTEZ KINAYNOY A ANQAEIA O2TIKHZ MAZAz KAl KATATMATA
2E AZOENEIZ ME XPONIA NEOPIKH NOzO

Table 1. General and chronic kidney disease-specific risk
factors for bone loss and fractures

General risk factors ’ ﬁKD-SpeCI!IC \.

Patient-related Hyperparathyroidism
(nonmodifiable)

Age Low nutritional and
activated vitamin D

Gender Disordered mineral metabolism
Ethnicity Chronic inflammation
Past history of fracture Metabolic acidosis UREMIC BONE IN _ TRADITIONAL
e RISK FACTORS CKD  RISKFACTORS
General (modifiable) Medications
Low physical activity Steroids

Smoking Phosphate binders
(e.g. aluminium)

Alcohol Calcineurin inhibitors
Medications (e.g. steroids) Dietary restriction
Diabetes Dialysis-related amyloidosis

Sarcopenia Higher prevalence of general
risk factors for osteoporosis

Chronic inflammatory
disorders

Damasiewicz and Nicholas Curr Opin Nephrol Hypertens 2019; 29(2):221-226
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Ektipnon kat Oepaneio 00TIKAE VOGOU/ 00TEOTIOPWONC

XNN 2°v- 3/4°° gtadiov

Serum Creatinine: B ® mg/dL O pmol/L

Serum Cystatin C: mg/L

R ———
Gender: ® Male O Female

Standardized ® Yes O No O Not Sure
Assays:

Adjust for body O Yes ® No O Not Sure

surface area:

( calculate

Resul

CKD-EPI creatinine equation 10 mbL/min/1.73m?2




H ootikn nukvotnta mpoBAEmEeL Tov KiVOUVO KATAYUATWY OE
aodeveic ue XNN 3-5

. . o Health, Aging, and Body
Bone Mineral Density and Fracture Risk in Older Composition Study

Individuals with CKD 2754 GUHHETEXOVTEC
(néon nAwia ~73,6 £tn)

o
©
=

Eppavion katayuatog

| otouc¢ aoVeveic pue XNN,
1| avaldoya ue tnv napouvcia
| ooteonopwon¢ oe DEXA

0.50 0.75

Fracture Free Survival

0.00 0.25

1000 2000 3000 4000 5000
Time (days)
Number at risk
No Osteoporosis 529 477 395 319 229
Osteoporosis 58 54 43 28 21

No Osteoporosis ———-—- Osteoporosis

Yenchek R et al. Clin J Am Soc Nephrol. 2012;7:1130-1136
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H ootikn nukvotnta mpoBAEmEeL Tov KiVOUVO KATAYUATWY OE
aodeveic ue XNN 3-5

N: 131
Bone [Vlmt_eral Density Predicts Fractures in XNN 3-5 (6xt D)
Chronic Kidney Disease ,
Mpoormtikn
Sarah L. West,' Charmaine E. Lok,? Lisa Langsetmo,® Angela M. Cheung,** Eva Szabo,” Dawn Pearce,® . Baseline BMD

Maria Fusaro,” Ron Wald,? Jordan Weinstein,” and Sophie A. Jamal’

* PuBuog petafoAng

- AV Kol Ot apLotocg OEIKTNG ...

Table 4. Ability of BMD by DXA to predict any incident fracture

Predictor Fully adjusted” (n—131) Minimally adjusted”

BMD by DXA; AUC (95% Confidence Interval)
btal Hip . . . 0.65 (0.54 to 0.76)

Lumbar Spine 0.62 (0.50 to 0.74) 0.64 (0.52 to 0.76)

West SL, Lok CE, Langsetmo L, et al J Bone Miner Res. 2015;30:913-919
41



FRAX kot mpoyvwon kataypatwyv o XNN
2€ OMo 1o evpoc GFR...

Patients included in the cohort for
analysis
(n=10,099)

eGFR 2 60 ml/min per 1.73 m’ eGFR 30—60 ml/min per 1.73 m? eGFR < 30 ml/min per 1.73 m?
(n=7,355) (n=2,154) (n=590)

Q
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Q
(5]
e
Q
Q
Q
e
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i
[TH

eGFR 260 eGFR 30-60 eGFR < 30

M Observed 5-year MOF M Predicted 5-year hip fracture MOF (with BMD)

Predicted 5-year hip fracture MOF (without BMD)

Whitlock RH Kidney Int. 2019 Feb;95(2):447-45442



AZODAAEIA kot ANOTEAEZMATIKOTHTA AIQQZPONIKQN 2E XNN 3-4

JOURNAL OF BONE AND MINERAL RESEARCH

Volume 20, Number 12, 2005

Published onlir n August 22, 2005; doi: 10.1359/JBMR.050817
@ 2005 American Society for Bone and Mineral Research

Safety and Efficacy of Risedronate in Patients With Age-Related
Reduced Renal Function as Estimated by the Cockeroft and Gault
Method: A Pooled Analysis of Nine Clinical Trials

Paul D Miller,' Christian Roux,”? Steven Boonen,” lan P Barton.* Lisa E Dunlap,* and David E Burgio*

7
56% (11,78%) 45% (31,57%) 32% (14,46%)
p=0.021 p<0.001 p=0.001

L
Z
Z
=
<
Ll
o
o
=
2
o
L
2]
z
L
z
—
L
(%]
<C
a1]
=
o
o
w
i)
o
=
<
I
(@]
B

PERCENT (%) OF PATIENTS

12 24 ENDPOINT

TIME SINCE TAKING STUDY DRUG (MONTHS)
BASELINE RENAL IMPAIRMENT

SEVERE MODERATE RENAL IMPAIRMENT: -@® MILD @ MODERATE -@® SEVERE
N=232 N=2426

Xwpic petafoAn tnc veppLlkig

Meiwon tov mocootol Twv acOevwv Aettovpyiac o€ péco Stéotnpa 24 p

ME OTOVOUALKA KATAYHLOTOL




AZDAAEIA kat ANOTEAEZMATIKOTHTA AIDQZMONIKQN ZE XNN 3-4
[TPOZQPATA AEAOMENA AT10 METAAEZ MEAETEZ [MTAPATHPHIH>

Alendronate use and bone mineral density gains in women
with moderate-severe (stages 3B-5) chronic kidney disease: an open

cohort multivariable and propensity score analysis ‘'Odeloc otnv BMD
from Funen, Denmark

Analysis Non-user Mean difference (95% CI)
N BMD change N  BMD change

Femoral neck  PS-matched - 1.59 40  1.07 2.65(1.32,3.99)
Multivariable - 1.67 71 0.63 2.14 (1.22, 3.05)
PS-adjusted - 1.67 71 10.63 2.15(0.97, 3.34)
PS-matched . 0.34 40  3.36 3.01(1.74, 4.28)
Multivariable 0.65 71 398 2.14 (1.22, 3.05)
PS-adjusted 0.65 71 3.98 2.87(1.62,4.12)
PS-matched 4 —1.16 40  0.95 2.12 (0.98, 3.25)
Multivariable -2.14 71 0.82 2.29(1.46,3.11)

PS-adjusted 214 71082 191 (0.82,3.00)

PS, propensity score

M. Sanni Ali et al Arch Osteoporos. 2020 Jun 1;15(1):81
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AZ®AAEIA AIOQsDONIKQN SE XNN 3-4/5 2021
MPOZ®ATA AEAOMENA AMO METAAES MEAETES [TAPATHPHHS

Table 2. Numbers of Events, Incidence Rates, and Hazard Ratios per 1000 person-years for All Analyses

CPRD SIDIAP

BP E Non-BP Combined

Chronic kidney disease progression Unmatched no. events 614 , 471 13,462
Unmatched incidence rates 90.8 (83.9, 98.3) 119.0 (108.5,130.2) 104.7 (102.9,106.5)
Unadjusted HR 1.25 (1.15, 1.36) 1.13 (1.03, 1.23)
Fully adjusted HR 1.18 (1.08, 1.29) 1.19 (1.08, 1.31)
PS-matched no. events 576 1996 467 2015

PS-matched incidence rates 89.1 (82.1, 96.7) 85.6 (82.0,89.5) 1184 (107.9,129.6) 100.0 (95.7,104.5)
PS-matched sub-HR 1.14 (1.04, 1.26) 1.15 (1.04, 1.27)

1.19 (1.12, 1.27)
1.18 (1.11, 1.26)

1.14 (1.07, 1.23)
~15 % kivéuvo ylLa emidsivwon XNN/évtaén o€ kaBapon

Xwpic Stadopd otov Kivéuvo yia :
* O¢cia vedpikn BAaBn
* TE2

* YnaoBeotiaipia

Robinson DE et al J Bone Miner Res. 2021 May;36(5):820-832
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AnoteAeopatikotnta kot Acpaieto DENOSUMAB o€ XNN 2-3

Denosumab Safety and Efficacy Among

Participants in the FREEDOM Extension Study
With Mild to Moderate Chronic Kidney Disease EAattwon ZrrovovAikwv KATATMATQN

(Oxt anAa tnc BMD)

B Normal M CKD Stage 2 CKD Stage 3a H CKD Stage 3b

3 xpovia
KaBuoTtépnon

2YNEXIZH
£éwg 10 xp

Annualized Incidence
Rate of New VFx (%)

Placebo DMAb DMAb DMAb
(Years 1-3) (Years 1-3) (Long-term) (Crossover)

Broadwell A J Clin Endocrinol Metab. 2021 Jan 23;106(2):397-409
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AnoteAeopatikotnta kot Acpaisio DENOSUMAB o€ XNN 2-3

Denosumab Safety and Efficacy Among

Participants in the FREEDOM Extension Study
With Mild to Moderate Chronic Kidney Disease

* H ouxvotnta KAWLKA GNRIOVTILKAG UTTACGBECTALULOG OE HOKPOXPOVLO XOprynon NTav oAU
MLKPN Kot ouyKpiotpn petagl twv otadiwv XNN 2-3 kat ¢ucioA. vepplkic Aettoupyiog

Long-Term Arm

1007 96.298-59594, ¢

; ® Normal (N = 369)

B CKD Stage 2 (N = 1644)
CKD Stage 3a (N = 292)

B CKD Stage 3b (N = 33)

80

60

40

Percentage of Subjects

0.8 02 1.0 00
Oto0 Oto1 Oto2
Shift in Hypocalcemia Grade From Baseline

* HmAswoyndia (64% long-term arm; 66% crossover arm) mou
ntav apxika o€ otadto XNN 2-3, dev aAAaav otadio !!

*  Awyotepepeg ano 3% eEeAixOnkav oe otadio 4

Broadwell A J Clin Endocrinol Metab. 2021 Jan 23;106(2):397-409
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A review and perspective on the assessment, management and
prevention of fragility fractures in patients with osteoporosis and

chronic kidney disease

Table 2 Summary of available drugs for use in fracture prevention in osteoporosis

Drugs Dosage Approved GFR cut-off, mL/min
Bisphosphonates
Alendronate 70 mg weekly oral >35 mL/min
Risedronate 35 mg weekly oral >30 mL/min
Ibandronate 150 mg monthly oral or 3 mg every 3 months iv >30 mL/min
Zoledronate 5 mg annually but may require less frequent dosing  >35 mlL/min
based on bone turnover markers
Denosumab® 60 mg every 6 months subcutaneous Any GFR I
Raloxifene 60 mg daily oral Not endorsed for use in patients with

severely impaired renal function

Hormone replacement therapy (HRT) (male and

female !/menopausal hormonal theragz 5MHT)

Differing doses and preparations; oral, transdermal,

continuous or seguential

Romosozumab

Any GFR

20 pg daily subcutaneous daily for up to 2 years

210 mg subcutaneously monthly for 12 months

Not known



EkTipnon eAATTWHEVNG OOTIKNAG palog
XNN 4-50tadiov/ aipokadapon

49



DXA kot QCT otn XNN 5D

~20-22 % OoteonopwTlkn TinA o€ XNN teAkou otadilov uTto atpokaboapon

Diagnosis of low bone mass in CKD-5D patients

Gustav A. Blomquist', Daniel L. Davenport?, Hanna W. Mawad?,
Marie-Claude Monier-Faugere?, and Hartmut H. Malluche®

"Department of Radiology, 2Department of Surgery, and Division of Nephrology,
Bone and Mineral Metabolism, University of Kentucky, Lexington, KY, USA

BMD t score
group

1-0.99+
Non-low

@-2.49to-1
Osteopenic

m<-2.50
Osteoporotit

Fem Neck Fem Neck TotalHip Total Hip Spine Spine

Figure 3. Percent of CKD-5D patients with osteo-
penia or osteoporosis by DXA or QCT at different
sites.

Clinical Nephrology, Vol. 85 — No. 2/2016 (77-83)
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DXA kot QCT otn XNN 5D

[MoLd Kol TTou aVIXVEUEL amwAELA OOTIKAC palac og 2 xpovia ?

Two-year cortical and trabecular bone loss in CKD-5D:
biochemical and clinical predictors

Table 2 Changes in BMD (£SD) after 1 and 2 years

At 1 year At 2 years

No. of paired measurements 137 89

BMD method and location Mean absolute change + SD  Percent change + SD ~ Mean absolute change + SD  Percent change + SD
QCTotalhip BMD) (mg/crm’) — 115 £ 23,64 —40% TR 1732218 —5.9% =+ 8.5%+*

Total hip cortex

Total hip Cortical mass{() — 08220k —40%E15.0% - 15£29%6 —73% £ 17.1%%%

Total hip cortical volume (em®) — — 1.1 & 2.8%#% —6.4% £ 1888KE  —22 4354k —10.0% £ 20.0%%%
Total hip trabeculum

Total hip trabecular mass (g) 0.1+14 34% £22.7 02+19 2.7% +17.7

Total hip trabecular volume (em®) 2.7+ 13.8% 5.8% +29.2% 41 £ 1370 5.9% +15.9%%%
QCT spine BMD (mg/cm?) -12+183 —0.6% +11.5 -1.4+227 —-0.7% £ 13.4
DXA total hip BMD (g/cm?) —0.011 £0.047** —1.2% £ 5.2%* =0.031 £0.057%** 3.1% £ 5.9%%*
DXA spine BMD (g/cm?) —0.007 £ 0.071 —0.6% + 6.1 —0.016 £0.089 - 11%+74

Kat ot U0 oto Lo)io , Kappio otnv OM2E !!

Malluche H et al

Osteoporos Int (2018) 29:125-134 »



H ootikn nukvotnta ntpoBAEmEeL Tov KivOUVO KATAYUATWY OE
aodeveic ue XNN 5-5D (teAikou otabdiou)

Bone turnover markers are associated with

bone density, but not with fracture in end

stage kidney disease: a cross-sectional

study Table 4 Bone density measurements in adult kidney transplantation candidates

Volumetric BMD, mag/cm?

Jorgensen et al.

Lumbar spine
Total hip

Fermoral neck

Areal BMD, mg/cm’

Total hip

Femoral neck
Z-score

Lumbar spine

Total hip

Femoral neck
T-score

Lumbar spine

Total hip

Fermoral neck

26+ 38

237 + 43

0.71 £ 012

0.60 £ 0.10

030+ 137

—1.08 + 1.05

—091 £ 054

-1.74 + 093

BMC Nephrology (2017) 18:284

196 + 35

061+ 010

051+ 009

=111+ 1.1

—-094 + 104

=1.77 £ 0.86

260 + 144

—-260+ 079

Y



FRAX kot mpoyvwon kataypatwyv o XNN
otnv Awpokadapon ...

The utility of FRAX® in predicting bone fractures in patients with chronic
kidney disease on hemodialysis: a two-year prospective multicenter
cohort study

Risk factors Major fracture
No. of analysis AUC 95% (I

FRAX® (%) 718 0.76 0.69-0.84
Age (years) 718 0.66 0.55-0.76
Sex (women/men) 718 ).54 0.47-0.64
BMI (kg/m?) 718 0.56 0.47-0.64
Previous fracture 718 0.59 0.50-0.67
Parent fractured hip 718 0.55 0.49-0.62
Current smoking 718 ).4 0.41-0.54
Glucocorticoids current/past 718 0.6 0.52-0.70
Rheumatoid arthritis 718 0.50 0.47-0.54
Alcohol 718 0.47-0.56
Diabetes (all types) 718 0.39-0.55
Diabetes type 1 718 0.49-0.50

Przedlacki J et al Osteoporos Int. 2018 May;29(5):1105-1115
53



2021 CONSENSUS ERA-EDTA kot IOF

Ektipnon kat Ogparmneia ootikng vooou/ ooteondopwong otn XNN

4°v/5° gradiov kat oe e€wvedpilkn Kabapon

* AfloAoynon twv peBodwv ektipnong (DEXA ? FRAX score?)

* AnoteAesopatikotnta/AcpAAeLla oo TG OEPATEVTIKEC MAPEUPBACELC

HE QVOLOTOAELG TNG OCTLKAC anoppodnong ?

54



European Consensus Statement on the diagnosis and

management of osteoporosis in chronic kidney disease
stages G4-G5D

Pieter Evenepoel L John Ciunnil'lgham'“j, Serge Ferrari, Mathias Haarhaus™, Muhammad Kassim | avaid®,
Marie-Héléne Lafage-Proust’T_, Daniel Prieto-Alhambra®, Pablo Urena Torres”!" and

Jorge Cannata-Andia'', on behalf of the European Renal Osteodystrophy (EUROD) workgroup,

an initiative of the CKD-MBD working group of the ERA-EDTA, and the committee of Scientific Advisors
and National Societies of the IOF'

Diagnosis of osteoporosis in chronic kidney disease

Osteoporosis is a condition characterized by low bone mass
and microarchitectural and qualitative bone deterioration
that leads to'bone fragility and fracture susceptibility.

The operational definition of osteoporosis is based on an areal
bone mineral density (BMD) assessed by dual-energy X-ray
absorptiometry (DXA) at the (spine or hip/(&=2.5) standard
deviation(from) the BMD in(young female adults (T-score).

Nephrol Dial Transplant (2021) 36: 42-59



European Consensus Statement on the diagnosis and
P 3 2021

management of osteoporosis in chronic kidney disease
stages G4-G5D

Ektipnon kwduvou: BMD ?

2. BMD as assessed by DXA (predicts fractures in patients
with CKD G4-G5D. However, DXA probably underesti- ‘ ' : :
mates the actual fracture risk in patients with CKD G4- EXE'I. TPOYVWOTLKN aia
G5D, as it does not account for impaired bone quality. kotayporo o€ XNN 4-5D
The consistency of the risk prediction across stages of dis- YT[OE'KTI.I[.I non ??
ease and degree of parathyroid hormone (PTH) control
remains to be documented.

. In patients with CKD G4-G5D, DXA may be considered
in postmenopausal women, or men >50 years of age.

2e nowoug ? Routine DXA testing (screening) in all CKD G4-G5D
patients is not supported by current evidence.
* METAEUUNVOTTAUGLAKEC YUVALKEG . The hip and the lumbar spine are the primary skeletal site
to evaluate BMD by DXA.
. Avﬁpgg >50 £TWV 3. The forearm may be included in the DXA evaluation
of the skeletal site panel, but one should be aware of
Moo onueio ? operator-dependent variability and potential bias by arte-

riovenous fistula.

. Trabecular bone score and alternative imaging techniques
need further clinical evaluation pending clinical
implementati

* loxio kot OM22

Nephrol Dial Transplant (2021) 36: 42-59 .,



European Consensus Statement on the diagnosis and
P 3 2021

management of osteoporosis in chronic kidney disease

stages G4-G5D . :
EKtiptnon Kwouvou:

Népa anod tnv BMD ?

e aod¢eveic ue :
* DXA

* >4cm A 0Youg
* Kbpwon

» 3TEPOELON

5. Vertebral fracture assessment (VFA) and/or lateral spine
imaging is recommended in all patients undergoing DXA
evaluation land in patients with a history of >4 cm height
loss, kyphosis, or recent or current long-term oral gluco-
corticoid therapy. Imaging should include the abdominal
aorta for determination of vascular calcification.

. FRAX predicts fracture probability in all CKD stages.

()
FRAX Fracture Risk Assessment Tool

Additional evidence is required to define whether further
arithmetic adjustments to conventional FRAX estimates
have to be made with knowledge of advanced CKD.

. Non-kidney-retained bone turnover markers (BTMs), es-
pecially bone-specific alkaline phosphatase, may be useful
for fracture risk prediction in CKD G4-G5D, awaiting fur-
ther confirmation.

Calculation Tool

Biomarkers

A

Nephrol Dial Transplant (2021) 36: 42-59
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European Consensus Statement on the diagnosis and

management of osteoporosis in chronic kidney disease

stages G4-G5D
‘ Yroyndot yia Napéppaon ?

Intervention thresholds for pharmacological therapy

. CKD patients >50 years of age with a prior fragility frac- 7
ture [(major osteoporotic fracture (MOF)] may be consid-
ered for treatment without the need for further BMD
assessment.

. In the absence of MOF, a DXA T-score threshold <—2.5
at the lumbar spine or hip is recommended, recognizing
that a higher threshold of —2.0 or —1.5 may be more
appropriate.

2.5

Osteoporosis range
(significantly below average) v

pI‘iate iIl CKD Patierlts. FRAX 2 Fracture Risk Assessment Tool

intervention thresholds are a

Home

Calculation Tool

Nephrol Dial Transplant (2021) 36: 42-59
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European Consensus Statement on the diagnosis and 2021
management of osteoporosis in chronic kidney disease
stages G4-G5D

Mn dapUaAKEVTIKNA
NapéupBaon ?

Non-pharmacological intervention

. A sufficient supply of calcium should be guaranteed (800-
1200 mg/day, preferentially ‘through diet) and (vitamin D
stores should be repleted according to osteoporosis and
CKD-MBD guidelines.

. Regular weight-bearing (exercisel should be advised, tai-
lored to the needs and abilities of the individual patient.

. The falls risk needs to be evaluated regularly and acted
upon.

Nephrol Dial Transplant (2021) 36: 42-59
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European Consensus Statement on the diagnosis and
management of osteoporosis in chronic kidney disease
stages G4-G5D

D apHAKEUTLKNA
Pharmacological intervention [ apé p.Bao n ?

. CKD-MBD therapy should be optimized according to cur-
rent guidelines before considering specific osteoporosis
CKD / ROD/ PTH

management. . :
. Metabolic disturbances linked to bone fragility (acid-base, *AvdAoya Vit D
uraemic toxicity) should be controlled at all times. * AoBeoriopiunTika (D)
. Risks and benefits of available pharmacological interven- - O¢éwon
tions need to be balanced at the individual level and dis-
cussed with the patient. Formal informed consent may be
required when considering off-label use.
. Evolving evidence indicates that antiresorptive agents may
be effective in advanced CKD and that vascular and skele-
tal risks are not excessively high.
. Renal risks of bisphosphonates are poorly explored in
patients with CKD G4-G5D, which calls for caution.
. Denosumab confers no risk of kidney function decline,
but the [risk of severe hypocalcaemia with denosumab is
increased in CKD and needs to be addressed by concomi-
tant vitamin D and calcium supplementation.
. (Withdrawal of denosumab therapy may be associated with
an increased risk of vertebral fracture.

Nephrol Dial Transplant (2021) 36: 42-59
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DENOSUMAB: 00TLKI) TTUKVOTNTA KO Kivduvog urtacBeoTtiopiog
o€ XNN teAwkov otadiov

Hypocalcemia and bone mineral density changes following denosumab
treatment in end-stage renal disease patients: a meta-analysis
of observational studies

A. Denosumab-associated Hypocalcemia
Study name Statistics for each study Event rate and 95% ClI

Event Lower Upper
rate limit limit p-Value
Hiramatsu et al 0.36 0.14 0.66 0.36
Block et al 0.63 0.29 0.88 0.47
Chen et 3l (1) 0.S50 0.24 0.76 1.00
Chen etal (2) 0.33 0.17 0.54 0.10
0.42 0.29 0.SS 0.24

-1.00 -050 000 050 1.00
No Hypocalcemia Hypocalcemia

Thongprayoon C Osteoporos Int. 2018 Aug;29(8):1737-1745
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AnoteAeopatikotnta kot Aoadpaiera DENOSUMAB o€ XNN 5D/HD

Hypocalcemia and bone mineral changes in hemodialysis
patients with low bone mass treated with denosumab: a 2-year
observational study

(JwyBd) sj@as| H1d! uelipaln

-
o
D
>
S
S
®
o
g
D
g
3}
D
=
S
o
S
S
—
o)
7
c
©
o)
=

**P<0.01 from baseline

11121 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181
Time (days)

* H ouxvltnta Apecng onUAVTIKAG utacBeotatpiog ~25% twv acOevwv

* Nabip ~ 7 nuEPEG HETA TN XOpPrynon

Broadwell A J Clin Endocrinol Metab. 2021 Jan 23;106(2):397-409
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®APMAKEYTIKH ArQrH IMA OXTEONOPQZH XE XNN
AEAOMENA ? (EVIDENCE)

(ﬁ( Cochrane
lerary

e Database of Systematic Reviews

Pharmacological interventions versus placebo, no treatment or
usual care for osteoporosis in people with chronic kidney disease
stages 3-5D (Review)

Me okAnpa KataAnktika onpeia : Kotaypoto !
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Pharmacological interventions versus placebo, no treatment or
usual care for osteoporosis in people with chronic kidney disease
stages 3-5D (Review)

Hara T

Awdwodovika (Alendronate) vs Placebo o XNN 3-4

Analysis 4.1. Comparison 4: Alendronate versus placebo for patients with
osteoporosis and CKD stages 3-4, Outcome 1: Vertebral fracture by radiography

Risk Ratio Risk Ratio
Study or Subgroup log[RR] SE Weight IV, Random, 95% CI IV, Random, 95% CI

Kataypa og
OLTLELKOVLON

FIT 1993 -0.3011 0.412 100.0% 0.74[0.33, 1.66]

Total (95% CI) 100.0% 0.74[0.33, 1.66]
Heterogeneity: Not applicable
Test for overall effect: Z = 0.73 (P = 0.46) 01 02 05 1 2 5 10

Fa

Test for subgroup differences: Not applicable Less with alendronate Less with placebo

Analysis 4.2. Comparison 4: Alendronate versus placebo for patients
with osteoporosis and CKD stages 3-4, Outcome 2: Clinical fracture

Risk Ratio Risk Ratio
Study or Subgroup log[RR] SE Weight IV, Random, 95% CI IV, Random, 95% CI

FIT 1993 -0.2357  0.2134 100.0% 0.79[0.52, 1.20]
Total (95% CI) 100.0% 0.79 [0.52, 1.20]
Heterogeneity: Not applicable

Test for overall effect: Z = 1.10 (P = 0.27) 01 02 05 1 2 5 10
Test for subgroup differences: Not applicable Less with alendronate Less with placebo

Cochrane Database Syst Rev. 2021 Jul 7;7(7):CD01342(;44



Pharmacological interventions versus placebo, no treatment or
usual care for osteoporosis in people with chronic kidney disease
stages 3-5D (Review)

Hara T

Denosumab vs Placebo o XNN 3-4

Analysis 5.1. Comparison 5: Denosumab versus placebo for patients with
osteoporosis and CKD stages 3-4, Outcome 1: Vertebral fracture by radiography

Denosumab Placebo Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random,95% CI

FREEDOM 2009 (1) 3 37
FREEDOM 2009 (2) 92 1399 97

0.34[0.04, 3.14]
0.41[0.28, 0.59]
Total (95% CI) 1454 1436 100.0% 0.41[0.28, 0.58]
Total events: 39 95
Heterogeneity: Tau® = 0.00; Chi* = 0.02, df = 1 (P = 0.88); > = 0%
Test for overall effect: Z = 4.84 (P < 0.00001)

Test for subgroup differences: Not applicable

Foomotes
(1) CKD stage 4
(2) CKD stage 3

Less with denosumab

Risk Ratio
M-H, Random, 95% CI

Kataypa og
OLTLELKOVLON

0.01 0.1 10 100
Less with placebo

Analysis 5.2. Comparison 5: Denosumab versus placebo for patients
with osteoporosis and CKD stages 3-4, Outcome 2: Clinical fracture

Denosumab Placebo Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random,95% CI

FREEDOM 2009 (1) 2 37 1.3%
FREEDOM 2009 (2) 106 1399 98.7%

0.51[0.05, 5.42]
0.87 [0.66, 1.13]

Total (95% CI) 1454

Total events: 94 108
Heterogeneity: Tau? = 0.00; Chi? = 0.19,df =1 (P =0.
Test for overall effect: Z=1.11 (P=

Test for subgroup differences: Not applicable

1436  100.0% 0.86 [0.66, 1.12]

Less with denosumab

Risk Ratio
M-H, Random, 95% CI

0.01 0.1 10 100
Less with placebo

Cochrane Database Syst Rev. 2021 Jul 7;7(7):CD01342(§I5



Pharmacological interventions versus placebo, no treatment or
usual care for osteoporosis in people with chronic kidney disease
stages 3-5D (Review)

Teriparatide vs Placebo oe XNN 3-4

Analysis 6.1. Comparison 6: Teriparatide versus placebo for patients with
osteoporosis and CKD stages 3-4, Outcome 1: Vertebral fracture by radiography

Teriparatide Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total [Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

ACTIVE 2016 2 67 41.2% 0.43[0.08 , 2.34] KaTaV MO CE
FTP 2001 63 8% 0.24[0.06, 0.98] OTLELKOVL on

Total (95% CI) 255 X 0.31 [0.10, 0.90] ’

Total events: 5

Heterogeneity: Tau? = 0.00; Chiz = 0.30, df = 1 (P = 0.59); I* = 0% 0.01 0.1 10 100
Test for overall effect: Z = 2.15 (P = 0.03) Less with teriparatide Less with placebo
Test for subgroup differences: Not applicable

Analysis 6.2. Comparison 6: Teriparatide versus placebo for patients
with osteoporosis and CKD stages 3-4, Outcome 2: Clinical fracture

Teriparatide Placebo Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

FTP 2001 Not estimable

Total (95% CI) Not estimable

Total events:

Heterogeneity: Not applicable 0.01 0.1 10 100
Test for overall effect: Not applicable Less with teriparatide Less with placebo
Test for subgroup differences: Not applicable

Hara T Cochrane Database Syst Rev. 2021 Jul 7;7(7):CD01342(§I6
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Differences between CKD-MBD and
postmenopausal osteoporosis

Clinical factor

PTH levels

Alkaline
phosphatase

Bone mineral density

CKD-MBD

Weakly related to
fracture risk

Maostly in cortical

Either very low (in
=|c|~,fr|=|m|| bone
r very high

Laboratory findings "

ott SM

sociated

Abnormal

Postmenopausal
osteoporosis

Usually normal™®

Usually normal®

Predicts risk of
fracture

Trabecular and
cortical bone

senerally normal or
slightly increased

-
A

Weakly associated

Mormal or mildly
abnormal

Nat Rev Nephrol 2013; 9:681

2022 UpToDate, Inc.
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H Aduvauikn Ootikn vooog otoug acBeveic pe XNN teAkoU otadiou
oUOXEeTL{ETAL HE FVNTOTNTA KOl KAPOLAYYELOKEC EMAOBECTWOELC

Detecting high-risk chronic kidney disease-mineral bone
disorder phenotypes among patients on dialysis: a historical

PTH/Ca/P

cohort study

Neri et al

Mortality
HR (95% Cl1)
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Nephrol Dial Transplant (2019) 34: 682-691
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Bover J

NEDPIKH OXTEOAYITPOOIA
AEN EINAI ENA EIAOZ OXTIKHE NOzOY !!
AANA H DEXA MIIOPEI NA EINAI H 1AIA !!!
B  Normal bone mineralisation

Demineralised bone

1.250 g/cm? . 0.750 g/cm? 0.750 g/cm? 0.750 g/cm?
Normal 0SIS Osteomalacia Adynamic Secondary
bone hyperparathyroidism
disease

Nefrologia (Engl Ed). 2018 Sep-Oct;38(5):476-490
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Ot tiun e i-PTH 8€v eivan evaioOntog Kat L6LKOC HELKTNC TOU TUTIOU
TNC OCTLKNAG VOOOU

Sensitivity and speafiaty of parathyroid hormone
using cutoffs of published dinical practice
guidelines to predict bone turnover as assessed
by bone formation rate/bone surface

NKF-KDOQI guideline cutoffs
| IPTH <150 pg/mL for low turnover |

IPTH =300 pg/mL for high turnover

KDIGO guideline cutoffs

| iIPTH <2 = ULN for low turnover

IPTH =9 = ULN for high turnover
KDIGO guideline cutoffs

| wPTH <2 = ULN for low turnover |

| wPTH =9 = ULN for high turnover |

Sprague et al Am J Kidney Dis. 2016;67(4):559-566
2022 UpToDate,;,



AIATNQ2TIKH AKPIBEIA BIOAEIKTQN 2TH
A/AIATNQZH THZ NE®PIKHZ OZTEOAYITPODIAZ

H AAkaAwk dwodataon, Exel KAAUTEPN StakpLtikn tkavotnta yia tnv AAYNAMIKH

OOTLKA VOOO, ELOIKA wWC apvNTikA mpoyvwaotikn aia

Table 3. Diagnostic accuracy of biomarkers and radius high-resolution peripheral quantitative computed tomography for
identifying patients with low bone turnover

Variables AUC (95% Cl) Criterion Sensitivity, % Specificity, % PPV, %

Biomarkers
iPTH 0.563 (0.40 t0 0.72) =183 pg/m|

Intact PINP 0.794 (0.64 to 0.90)

0.766 (0.61 to 0.88)
TRAPSb 0.799 (0.64 to 0.91)

Tuyuég tALP >88I1U/L R Balp > 21 pg/L gAattwvouv oAl tnv nibavotnta
AAYNAMIKHZ Ooctikiig Néocou

Salam A et al J Am Soc Nephrol 29: 1557-1565, 2018
72



Pathophysiology

Management

Ensure serum calcium, phosphate
normal

25(0OH) D > 50 nmol/L

Ensure adeauate dietarv
calcium.intake

PTH gwg x 2

Mild sHPT in response to reduced
GFR
and/or vitamin D deficiencv
Assess trends in PTH
Exclude vitamin D insufficiency
25(OH)D < 50 nmol/L
Hvperphosphataemia
|
| Ensure serum calcium, phosphate
I normal

If phosphate above normal, consider
i dietary interventions
Treat with vitamin D if vitamin D
status is low
| Ensure adequate dietary calcium
] intake
|
|
|

AVA

vitamin D de.Vancv
Assess trends h PTH
Exclude vitamin D insufficiency

Moderate sH fesponse to reduced
GFR and/e*

Hyperphosphataemia
o [
Ensure serum ium, phosphate
normal
If phosphate ¢ B & normal, consider

dietary intervi ns Phosphate
binders may I arole.

Treat with 3" LD if vitamin D
status is low Ve

If 25(OH)D is adequate, low dose
active vitamin D may be used to
reduce PTH values.

TRl B == S O

AraLLI W LA ani A Seanies g

) caleinm intake

Potential for therapy with
osteoporosis drugs

Potential off-label options of oral
bisphosphonate or
HRT if no VTE risks

Potential off-label options of oral
bisphosphonate or
HRT if no VTE risks

Potential off-label options of oral
bisphosphonate or
HRT if no VTE risks




ANTIMETQMIZH O2TEOMNOPQzHz 2E XNN TEAIKOY 2TAAIOY

UE ooTteonopwan (Tscore< 2,5 /karayua/ FRAX)

=~ o -
PTH <150 (x2) 150<PTH <500 (x2-9) PTH >500(x9)
MOAY MIGANH :AEN AlOKAEIETAI
AAYNAMIKH !! jAAYNAMIKH ?
[
el OXI ANTIKATABOAIKA 1! JOXI ANTIKATABOAIKA 1!
[
nT_ IANTIMETQI‘IIZH AITIOY
W 1. TEPINAPATIAH ?2 Ca/P/ |VitD
<F 2.BIOWIA !! - Denosumab/ Aipwogovika
- (Aoseomamna 7
MOAY MIOANH I I
AAYNAMIKH - | AYNO/Augnpévos
_ [iozTEOMANAKIAT! | OOTIKGS
I I
0. TAITIOAOIIKH GEPATIEIA'! - [
2' Ca/P/@VitD BAI?Z2Strontium 2, ‘ :
1
Yol OX| ANTIKATABOAIKA !! !
Denosumab/ Aipwo@ovikd
Denosumab /Aipwaogovikd !
1]
1. BIOVIA ! Me TTPOO'OXI] : Me n-poa-oxn

Hampson G et al Endocrine (2021) 73:509—52974



Treatment of adynamic bone disease in a haemodialysis
patient with teriparatide

Panagiotis Giamalis, Dominiki Economidou, Chrysostomos Dimitriadis, Dimitrios Memmos,
Aikaterini Papagianni and Georgios Efstratiadis

ETreidny, étav n 1aTtpIkn YiveTal TTPOCWTTIKN
uttéBeon kai TTdBoc¢, dev 1IoxUEl TO «OUdEiC
QVAVTIKOTAOTOG» ...

Clin Kidney J (2015) 8: 188-190
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ANAZKOIIQNTAZ TA KYPIA ZHMEIA

H xopriynon KaAo1tpidAng fj ouvBeTIKwY avaAoywyv TnG Pitapivng D dev
ouoTAveTal TTAEOV WG auvhONG KAIVIKA TTPaKTIKN o€ aoBeveic pe XNN

oTadiwv 3-5 TToU d¢eVv gival o€ eCWVEPPIKA KABapaon

NeoTepa dedopEVa TTPOTEIVOUV AVATIPOCOPUOYN TOU OTOXOU TWV ETTITTEOWV
NG 25 OH D (>50 ?) o€ auTtoug TOUG A0BEVEIG, JE OTOXO TOV EAEYXO TNG

TTAPABOPPOVNG UE MIKPOTEPOUGS KIVOUVOUG UTTEPACBECTIAIMIOG

2.€ a00B¢eveic pe deuTepOTTABN UTTEPTTAPABUPEOEIBICHO TTOU BpioKovTal O€
ECWVEPPIKN KABapOoN Ta KAACIUIUNTIKA QAPUOKA, N KAACITPIOAN Kal N

Bitapivn D atroteAoUV aTTOOEKTEC BEPATTEUTIKEC ETTIAOYEC TTPWTNG YPAMMNG
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ANAZKOIIQNTAZ TA KYPIA ZHMEIA

E1Ti aduvapiag dievépyelag ooTIKNG Blowiag, CUVIOTATAI N CUVEKTIUNON
AAKaAIKic Pwogatdong Kal MNapaBopudvne o acBeveic pe XNN TeAIKoU
oTadiou yIa TNV atropuyn TNG ouvTayoypAa®nons avTIKATaBoAIKWY QAPUAKWY O€

mOav aduvauikr) vooo

H xopriynon denosumab @aivetal eQIKTA (Q0QAAEIQ/QATTOTEAECUATIKOTNTA) YIA
TNV QVTIMETWTTION TNG 00TEOTTOPpWONG 0€ aoBeveic pe XNN 3-5° gradiou, av Kai
Oev gival eTTioNUa eyKEKPIUEVN YIa TO TEAIKO oTadio. [poocoxn otnv

utTaoBeaTialyia !

Ta dIPWO@POVIKA £XOUV VEPPIKN ATTEKKPION KAl N XOoprynon Toug PETA 10O 40
oTAdI0 OgV €ival EYKEKPIMEVN KAl Ba TTPETTEI VA VIVETAI ECOTOMIKEUMEVA KOI UE

evnuEPWON Tou aoBevoug. Tpotrotroinon TNG 660NC?
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ANAZKOINQNTAZ TA KYPIA 2HMEIA

« H uyérpnong 1nG ooTikn G TTuKvOTNTAG (BMD) aAAG kai To FRAX score
TTPOPBAETTOUY Ta KaTayparta oe acBeveic ue XNN kal guvioTaral va

EKTIJOUVTAI € AQUTOUG TTOU HE KivOUVO YIO OOTEOTTOPWAN

* Qotéco n BMD d¢gv utTopEi va UTTOKATAOTACEI TNV OOTIKA Blowia oTn

dla@opIKn dIAyvwan Twv TUTTWYV TNG VEPPIKING 00TEOOUCTPOYIAG.
« H Bloyia ootou emPBAaANeTal TTPIV TN XOpriynon Bepartreiag ye

avTIKaTaBoAIKa pdapuaka otoug aoBeveic pe XNN TeAIkoU aTadiou Kal

OOTEOTTOPWON AV 0 ACOEVNC £XEl TTIBAVOTNTA va £XEl AdUVANIKA VOOO
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EZEAIZZONTAL...
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