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LleHou yBenuyeHus lNTI obecneuynBaeTcs NOCTOAHCTBO
Ca, PO,, kKanbuuTpuorsa u reMmono3Tn4ecKnx CTBONOBbIX
KNneTokK

«Heobxodumas adanmauusi, cbusarowas ¢ nymu» Hruska, Semin Dial 2007
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Levin et al; SEEK data 2007




Fibroblast Growth Factor 23

a bone derived phosphate lowering hormone
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Tubular phosphate reabsorption




Increased FePi by FGF23




FGF 23 h cMepTHOCTb NalMeHTOB Ha
ananuse

Quartile 1 [] u
Quartile 2 []
Quartile 3 []

Quartile 4 [ T

Odds Ratio for Death

Crude Case-Mix Multivariable
Adjusted Adjusted

N Engl J Med. 2008 Aug 7;359(6):584-92.
Fibroblast growth factor 23 and mortality among patients undergoing hemodialysis.
Gutiérrez et al
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PHYSIOLOGY into the blood and may act like a hormone.
Males making extra Klotho lived up to

BOOSti ng Gene EXtendS Mouse Life Span 30% longer than normal males, and the

A protein named afier the Gresk goddess who

spins life’s thread has joined the short list of

ways to extend a mouse’s natural life span.

Whereas lab mice can live about 2 years, mice

engineered 1o overproduce this protein, called

Klotho, have celebrated third birthdays,

Makoto Kuro-o of the University of Texas

Southwestern Medical Center m Dallas and his

colleagues report online in this week's Science

Express (www.sciencemag.org/cgi/content/

abstmct/1112766). The mutant rodents repre-

sent arare case of a aingle gene substantinlly  Rare milestone. These mice, which overexpress the gene for
influencing life span in mammals. Klotho, have celebrated their third birthdays.

mutant females survived 20%
longer than normal counterparts
As with lab animals coaxed to
have lengthy life spans, the
altered rodents had fertility prob-
lems. They produced about half
the expected number of offspring.

Males appeared more affected
by Klotho than females did. Their
blood, unlike that of females, con-
tained more msulin than normal
mice. This suggested that the male
mutants were somewhat resistant
to insulin—a symptom, in extreme

Daughter of Zeus and Themis Science 26 August 2005, Vol 309
combs , spins the thread of life
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Mechanisms and pathophysiological influences of Klotho deficiency in CKD




[MopouHbin Kpyr XbI1-MKH,

nporpeccuBHO CHMXxarwmumn KnoTo

Klotho replacement
Stimulation of endogenous Klotho

FGF23 blockade

Vit D analogues
Calcimimetic

* Exacerbation by high plasma Pi
Phosphate control




Klotho -

| Klotho-independent effect: | Kidney FGF23-independent effect:

* Left ventricular hypertrophy Parathyroid gland | | « Antioxidant
* Parathroid gland? Arterial wall? * Vasoprotective

 Anticalcifying
* Phosphaturia

PTH and Pi W

Vervloet, Lancet 2014
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Fibroblast Growth Factor-23, Cardiovascular Prognosis, and
Benefit of Angiotensin-Converting Enzyme Inhibition in Stable
Ischemic Heart Disease

Jacob A. Udell, MD, MPH", David A. Morrow, MD, MPHT_ Petr Jarolim, MD, PhD* Sarah
Sloan, MST, Elaine B. Hoffman, PhDT, Thomas F. O’'Donnell, MD¢. Amit N. Vora, MD, MPH'
Torbjern Omland, MD, PhD, MPH' Scott D. Solomon, MD? Marc A. Pfeffer, MD, PhD"
Eugene Braunwald, MDT and Marc S. Sabatine, MD, MPHT




Udell et al.
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Placebo, elevated FGF-23

HR 0.45
(95% CI 0.28-0.72)
P<0.001

Trandolapril, elevated FGF-23

Trandolapril, low FGF-23
Placebo, low FGF-23

Years

Figure 3. Cumulative Incidence Curves for the Composite of Cardiovascular Death or Heart
Failure in Patients Categorized by FGF-23 Level and Treatment With Trandolapril

Red lines indicate patients with high FGF-23 levels (>70.20 RU/ml): the solid line indicates
patients treated with placebo (n = 455); and the dashed line indicates patients treated with
trandolapril (n = 451). Blue lines indicate patients with low FGF-23 levels (£70.20 RU/ml):
the solid line indicates patients treated with placebo (n = 1,360); and the dashed line
indicates patients treated with trandolapril (n = 1,361). CI = confidence interval; FGF =
fibroblast growth factor; HR = hazard ratio.



JACC: Heart Failure © JACC

Volume 3, Issue 10, October 2015, Pages 829-839

Angiotensin-Converting Enzyme Inhibition in Chronic
Systolic Heart Failure

Peter Wohlfahrt, MD, PhD*: T, Vojtech Melenovsky, MD, PhD*, Martin Kotrc, MD*, Jan Benes, MD, PhD~*,
Antonin Jabor, MD, PhD#* &, Janka Franekova, MD, PhD# &, Sophia Lemaire, MS*, Josef Kautzner, MD,
PhD*, Petr Jarolim, MD, PhD" & - &4

+ Show more

Conclusions

In systolic HF, elevated FGF-23 is an independent predictor of adverse events,
particularly in patients with preserved renal function. The association of FGF-23 with
adverse events likely reflects early alterations of renal hemodynamics and renin-
angiotensin system activation. Increased FGF-23 may identify a subset of HF patients
benefiting from ACEI therapy.



Angiotensin |

ACE /\ ACE2
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—— Angiotensin Il Angiotensin-(1-9)

APA \ |

ACE
v |
Angiotensin llI ACE2 ™ v

Angiotensin-(1-7)

v
Angiotensin IV

Figure 1 Overview of angiotensin-converting enzyme (ACE)/ACE2 action and synthesis of bioactive angiotensin peptides. ACE
metabolizes angiotensin | into angiotensin I, Angiotensin Il is cleaved by aminopeptidase A (APA) into angiotensin Il and subsequently
angiotensin V. Angiotensin | is also cleaved by ACE2 into angiotensin-{1-9). Angiotensin-(1-7) is synthesized from angiotensin-{1-9) by ACE or
alternatively from angiotensin Il by ACE2. These angiotensin peptides bind to specific receptors and exhibit biological functions.

Kanasaki 2011, ¢ namMeHeHnamu




3aKrr4YeHne nNo KapanoBaCKYyNApPHbIM
adbdektam FGF-23

* FGF-23 B CbIBOPOTKE MNOBbLILLIAETCA Ha paHHUX CcTagusax
XBI'l n ero ypoBeHb 3KCNoOHeHUMaNbLHO pacTeT Mo Mepe
CHMXKEHUA PYHKLNN MoYeK

« FGF-23 accounmpoBaH C yBerim4eHnem
KapanoBackKyniapHou 3aborneBaeMoCTbio U CMEPTHOCTLIO,
OCODOEeHHO npu cepaevyHoOn HegoCTaTOYHOCTH

 FGF-23 BbI3blBaeT rmnepTpodunto KapanomMmoumToB Yepes
MexaHun3m aktmBauun FGFR4

*FGF-23 BEPOATHO MMEET MeXaHU3Mbl BO3OENUCTBUA Ha
PAAC, 4To ycunuBaeT ero HeraTuBHble 30 eKTbI Ha
cepaeyHo-CcocyaucTyo cuctemy



FGF-23, bocdaTbl, Kanbuutpuon, MNTI —
Korga HaunHaTtb neyeHume MKH-XBI1?
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OOHoBMEeHue rmnoTesobl
Trade-off Hypothesis Revisited

KD
4PO4 Load/GFR |

Early Late
¥ Klotho 4 FGF23 Increased Mortality
} 1,250 APTH Cardiovascular Disease 1_NKlotho MFGF23
; —— oLVH 1,250 TMPTH
I evalvularcalcification
1 Vascular Disease v
| Phosphate excretion normal ARSHRICAIEica do) Phosphate excretion
FEpo4 *endothelial dysfunction diminished
* Bone resorption Progressive CKD ML Fepoa
2 M4 Bone resorption

Normal serum PO4 Hyperphosphatemia




MexaHn3m BO3HUKHOBEHUSA
bunopo3a npu Pl Harp

Mechanism of renal fibrosis induced by dietary P load

. P excretion per nephron ' —

S [P] in the tubular fluid 1
. CaPiin the f

tubular lumen

Nothing to do __. Tubular damage
th serum P levels lnflammatiog i

-




BbiBOAbI N3 TeopeTU4eCKux
nccrnegoBaHuUn

[ToYkn — BaXKHEULLMN UCTOYHUK CbIBOPOTOYHOIo KnoTo
docdopHasa Harpyska yBenninBaeT BblpaboTky FGF-23

FGF-23 3anyckaeT cnvparb CHUXEHUSA SKCNpeccum
KnoTo 1 yBennyinBaeT qoOCHOPHYI0 Harpysky B
HEPOHE

YBennyeHne akckpeuun Pl B He(ppoHe BEOET K
npeunnutaumm CaPi n obpasoBaHMIO MUKPOKPUCTANOB

UacTtunubl CaPl moryT noBpexaaTb KNeTK KaHanbLEeB U
BbI3blBaTb MHTEPCTULMAlNbHbIN PUbPOo3

TepaneBTUYECKME NMHTEPBEHUMN OOMKHbI ObITh
HanpasBneHbl Ha FGF-23 n KNnoTo He AoXuaadach
runepdocoaremmun



CneKkTp peHanbHOU ocTeoaucTpocpumn

AanHamuyeckasa bonesHb
Nerkas PrOpPO3HLIN

(/ ocTeuT

CmewaHHas PO/

Hopma

OcTeomansiuus \)

BTOopu4YHbIN rMnepnapaTnpeos

SEERER R R N -»
Huskum Bbicokum

obopot - 3 obopot
anbuvn, KanbunTpmuon

ANIOMUHUN




KnmHnyeckue nocneacreus

x CMNTOMBI:

= [lepenomel - puck
Bbilwe, yem Ol B 4.4
pa3a Rix et al. Kidney In
2000, 58: 396

m Bbonnm B KOCTAX

m BHekocTHagd
Kanbundpunkaumsa —
KanbLUMHO3 cepala v
COCYOOB



Koppekuna MKH npu XbI1

CHroNIC KiDNEY DISEASE— Hopmanusauuﬂ
MINERAL AND BONE DI1SORDER nTr

¢occpopa,
KanbLuus u
APYrux
MapKepoB
MUWHeparibHO-
KOCTHOrO
obmMeHa

CKD-MBD



PekomeHaauum no nevyeHuto XbI-MKH

* KonTtpont ypoBHa P
OrpaHunyeHne notpebnenHuns ¢ nuuien
1 docar-ceasbiBatowme npenapatbl (PCI)
ApQekBaTHbIN Ananus

KoHTponb ypoBHA Ca
- KOHTposnb noTpebneHust ¢ nuLlen
2 - Ca-copgepxawme/He cogepxawme Ca OCI1
- 3amecTuTtenbHaa Tepanua ButTammHom D
- AgekBaTtHbin ananms (Ca B gnanusate - 1,5 -1,25 mmo

* Kontponek ypoBHa NTI B yenesom AnanasoHe
Anbdakansumaon/Mapukansumton
3 LinHakansuetr npu I'MIT
KombuHauus npenapatoB ButammHa D v umHakanbLueTa
[MapatnpeonaskTomums




dPocoaT-cBA3bIBalOLWMe NpenapaThl

Ca- Merann- He copepxawue Kom6uHupo- Mpouue
coaepxaiiue cogepxaiue Ca u meTannoi BaHHbLIQ

Kanbuus [mapookuch Ceenamepa Marnua/kanbuyms YeBaTenbHas
Kap6GoHar, antomMuHna rmopoxnopua, kapboHat pesunHka
auerar, JlaHTaHa (PeHarens) Ca auertat/ Maruus @l (Xutosan)

LMTparT, kapboHat CeBenamepa kap6oHaTt HuaumH

KETOITIOTOPAT, W:CPG‘HOH) kapBoHaTt (OsvaRen) HukotuHammg
rHUst

rnioKoHaT (PenBena)
kapOoHaT/umTp MCI-196

Kenesa untpart

[Ipn BEIOOPE PCI LenecoobpasHo NPMHYMAaTL BO BHUMaHWe ctaauto XBI, Hannune apyrmx
nposeneHn MKH, BospacT, conyTcTBYOLLME 3ab0EBaHMS, MPOBOAVMYIO TEPANNIO, MPOMUITL
NOBOYHLIX 3MEKTOB 1 Ap.

Tepanusg @CI1 TpedyeT nHaBMAyansLHOro noagxonal.



OrpaHu4yeHusa no Kanbuuio
B pekoMeHaauuax KDIGO
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51% - 83% 57% 16% - 54% 5 — 40% CKD 3/4

20 — 50 % HD®
40 — 70% PD?
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|(3]'|b|_|||/||7| 5Andress D.Kid Int. 2008;73:1345-1354

6KDIGO. Kid Int. 2009; 76 (Suppl 113):S1-S130



Effects of Phosphate Binders in Moderate CKD

Geoffrey A. Block,* David C. Wheeler," Martha S. Persky,* Bryan Kestenbaum,*
Markus Ketteler,’ David M. Spiegel," Matthew A. Allison,¥ John Asplin,** Gerard Smits,*

Andrew N. H«:nrt:n‘nagIe.-,it Laura Kooienga,* Ravi Thadhani," Michael Mannstadt, T
Myles Wolf,* and Glenn M. Chertow®?

*Denver Nephrology, Denver, Colorado; TCentre for Nephrology, Royal Free Campus, University College London
Medical School, London, United Kingdom; *University of Washington, Seattle, Washington; *Nephrologische Klinik,
Klinikumn Coburg, Coburg, Germany; WUniversity of Colorado, Denver, Colorado; Wniversity of Califomia, San Diego,
California; **Litholink Corp, Chicago, lllinois; T"Massachusetts General Hospital and Harvard Medical School, Boston,
Massachusetts; *University of Miami, Miami, Florida; and %%Stanford University School of Medicine, Palo Alto,
California
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Figure 1. Patient flow chart.




Change in Serum Phosphorus (mg/dL)

PesynbTatbl PNT: 80% komnnaunHc, 9 mec

Tepanuu...cHmxeHue PO4 c 4,2 po 3,9 mr/gn
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Change in FGF-23 (RU/mL)

-200 -

400 —

Placebo




Jlerko nv gocTtnub
pe3ynbTaT?

= BbI30BbI: Aemorpadus, counarnbHOo-
9KOHOMWYECKUWN CTaTyC, CUMMNTOMBI,
atunonorusa XbI'l, Bpay, anetonor

= dusmonormnyeckme MexaHn3mMol
NPOTUBOOENUCTBYHOT CHMXEHUIO doCcdaToB

= Hu3kas KoMMNAIaeHTHOCTb K Npuemy
doocpaTt omHaepoB (50%) n cobnogeHnto
anetbl (20%)

m OOpa3oBaHMe nauneHTa No3BOSIAET
NOBbICUTb MOTUBALMIO N CAMOKOHTPOSb
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HoBasa napaaurma koppekuun XbI1-MKH
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HoBasa napaaurma koppekuun XbI1-MKH
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HoBasa napaaurma koppekuumn XbI1-MKH
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Leckstroem, Salzer & Goldsmith

1a,25(0OH),D; + VDR (conformational ensemble)
Produces genomic responses and rapid responses
10,25(0H),D4 Plasma membrane
A

Cell
nucleus

Genomic
responses

Signal Osteocalcin promoter
transduction | Gene 24-OHase promoter
e (| genome

7/ | % Micro array data

/
/ J
/ f
f
J
f
J

¢ N/ |
prot_ei/n/’ / %

Cells displaying
rapid responses
Pancreas B cell

Adipocytes '\ Systems — — — Second messengers *
Vascular smooth muscle PKC | PKC Phosphoproteins N
Intestine ._Z /| RAS/MAP kinase RAF/MAP kinase
Monocytes ™\ PI3'kinase Ptdins-3,4,5-P4 %

Sertoli P-lipase C > ‘Cross-ak’
Osteoblasts \ J [ B

[ =

Open CI- or Ca®* channels
Stimulate exocytosis
Rapid intestinal Ca®* absorption
Rapid pancreas insulin secretion
Heart and cardiovascular

Figure 2. Genomic and rapid nongenomic pathway of 1,25(0H),D.
VDR: Vitamin D receptor.
Reproduced with permission from [16] @ Elsevier (2011)




Table 1. Medical conditions susceptible to
hypovitaminosis D.

Medical conditions Medications
Osteoporosis Glucocorticoids
Osteomalacia Antiseizure medications
Rickets AIDS medications
Chronic kidney disease Antifungals

Liver failure Cholestyramine

Hyperparathyroidism

Malabsorption syndromes Demographics

Inflammatory bowel disease African-Americans
Crohn’s disease Hispanics
Cystic fibrosis Obese individuals
Bariatric surgery Older adults with history of falls
Radiation enteritis Pregnant and lactating women
Granuloma-forming disorders
Tuberculosis
Sarcoidosis
Histoplasmosis
Berylliosis Expert Rev.
Coccidiomycosis Endocrinol.

Lymphoma (certain kinds) Metab. 9(4)’
Data taken from [6l. 327—344 (2014)




OeKT B/B KanbuuTtpuona Ha [1TT
NOHU3NPOBAHHbIV KanbLin

Controll < Calcitriolﬁl Control

[
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'|'|'|'|'(£'|'|'|'|
w %
4

(T

1 2
Months
Slatopolsky et al. J. Clin. Invest., 1984

lonized Calcium mg/dl



[1BoVHOE JencTeue HecenekTuBHbIX akTneatopos VDR Ha
bnoxnmmnyeckne napameTpsl npu BITIT

Butamuu D Ca+P

A

anTre ButamuH D



[lpeanocbINIKKU Anda nosiBneHus
naeanbHoro aHanora D

COXpPaHUTb UNU gaxe YCUNUTb CynpeccuBHoe
aencteue Ha npoaykuuro MNTT,

B mo xe epeMsi MUHUMU3UpPOBaMb
HebnazonpusimHbie a¢hhekmbli
aunepkKanbyuemMuu u aunepgocgamemuu
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CpaBHUTEenNbHbLIN aHanNn3 KoHTponsa ypoBHA UMTI npu nevyeHnn
napuKanbLUUTONIOM UNU KaNnbLUUTPUOSIOM

1000 Calcitriol (n = 133)
900
800
700
600
500
400
300
200
100

0

Paricalcitol (n = 130)

PTH (pg/mL)

1 I 1 ! ! ’ ) 1 1 ) ! ! L

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

Time (weeks)

1Sprague SM. et al., Paricalcitol versus calcitriol in the treatment of secondary hyperparathyroidism, Kidney Int, 2003;63:1483-90.



BAanAaHMe KanbumUTpmMona n NapmuKanbLMUTONA Ha
Pa3BUTUE TMNepKabLUMeMmnm y boabHbIX Ha /1
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Kanbuutpuon (n=133) Mapukanbuuton (n=130)

*p=0.008 for patients with hypercalcemia for at least 2 consecutive blood draws and/or a CaxP product >75 mg/dL on at least 1
of 4 consecutive blood draws

Sprague SM et al. Kidney Int 2003;63:1483-90



MapukanbuuTOn —CO34aH cneuuanbHO And nevyeHusd
BIMIT- acdpbeKTUBHO CHUXXaeT napaTropmMoH, He NnoBbliLas
ypoBeHb Kanbuus n cpoccopa
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Ross EA et al. Am J Nephrol 2007;28:97-106



Merta-aHanus: a¢pPpeKTUBHOCTb U 6e30NacHOCTb NapUKaAbLUTONA B
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Pesynbrarter

[ BepoAaTHOCTb CHUKeHunA Tl >30% Ha 2 nocnenoBaTesibHbIX MU3MEPEHUAX ]

Study Paricaleitol Placebo RE (fixed) Weight RE { fixed)

or subcategory n{N n{N 95% CI (%) 95% CI
Agarwal et al. [6] 51/54 7/59 —& 1513 7.96 [3.96, 1601]
Martin etal, [7] 27/40 3/38 —® 6% 8.55 [2.83, 2587]
Abboud et al, [8] (QD) 30433 4/38 —8 541 B.64 [3.40, 21.96)
Abboud et al, [8] (TTW) 62/68 10/70 —8—> 2.9 6.38 [3.58, 11.38]
Coyne et al, [9] 92/101 14/108 —8—> 3060 7.03 [4.29, 11.50]
Greenbaum et al, [ 10] 915 314 B 7020 2,80 [0.95, 8.28]
Roass et al. [11] 51/58 324 —e— 96 7.03 [2.43, 20.36]
Total (95% CI) 369 351 4 10000 6.97 [5.27,923]
Total events: 322 (paricalcitol), 44 (placebo)

Test for heterogeneity: y° = 3.28, df= 6 (P = 0.77), I = 0%

Test for overall effect: £ = 13.57 (P < 0.00001)

01 0.2 05 1 2 5 10
Favours placebo Favours paricalcitol

[ BepoATHOCTb CHUMKEHUA NPOTEUHYPUN ]

Study Paricalcitol Placebo RR (fixed) Weight RR (fixed)

or subcategory nfN nfN 95% CI (%) 95% CI
Fishbane et al. [4] 16/28 7127 — = 12.76 2.20 [1.08, 450]
Alborzi et al. [5] 12/15 7 —s—% 244 5.60 [0.90, 34.98]
De Zeeuw et al. [12] 09184 35/88 —5- B4.8 1.35 [1.01, 1.81]
Total {95% CI) 27 122 - 100.00 1.57 [1.20, 2.04]
Total events: 127 (paricalcitol), 43 (placebo)

Test for heterogeneity: ¥° = 3.72, df= 2 (P = 0.16), I = 46.2%

Test for overall effect: £ = 3.29 (P = 0.0010)

01 02 0.5 1 2 5 10
Favours placebo Favours paricalcitol

Tianzhao Han et al, Meta-Analysis: The Efficacy and Safety of Paricalcitol for the Treatment of
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PesynbTaTsr

[ BepOFITHOCTb rmnepraabumnemMmmnm ]

Study Paricalcitol Placebo RR (fixed) Weight RR (fixed)

or subcategory n/N n{N 95% CI (%) 95% CI
Fishbane etal, [4] 1/28 0/27 o 3 1451 2,90 [0.12, 68.15]
Abboud et al. [8] (QD) 0/35 0/39 Not estimable
Abboud et al. [8] (TTW) 2169 071 | y o 14.06 5.14 [0.25, 10522]
Coyne etal, [9] 21101 0/108 —> 1379 5,34 [0.26, 109.96]
Greenbaum etal, [10] 0/15 0/14 Mot estimable
Ross etal, [11] 1/61 026 % T > 19.87 1.31 [0.05, 31.06]
De Zeeuw et al, [12] 4186 1795 1 = 37.76 2,04 [0.23, 18.02]
Total (95% CI) 495 380 —entll—— 100.00 2.91 [0.86, 99]
Total events: 10 (paricalcitol), 1 (placebo)

Test for heterogeneity: xz = 0.64, df =4 (P = 0.96), =%

Test for overall effect: Z = 1.71 (P = 0.09) . . . . .

01 02 0.5 1 2 5 10
Favours paricalcitol Favours placebo

—

[ BepoaTHoCTb runepdochatemmmn

Study Paricalcitol Placcbo RR (fixed) Weight RR (fixed)

or subcategory n{N n{N 95% CI (%) 95% CI
Fishbane etal, [4] 28 Y27 o 5 389 1.93 [0.19, 20.05]
Abboud etal, [8] (QD) 5/35 539 - = 1805 1.11 [0.35, 3.53]
Abboud etal. [B] (TIW) 669 871 —a— 30,10 0,77 [0.28, 2.11]
Coyneetal. [9] 1ol 137108 47.96 0.90 [0.42, 1.93]
Total (95% CI) 233 245 i 100.00 0.94 [0.56, 1.58]
Total events: 24 (paricalcitol), 27 (placebo)

Test for heterogeneity: x° = 0.60, df= 3 (P = 0.90), I> = 0%

Test for overall effect: Z = 0.22 (P = 0.82)
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Tianzhao Han et al, Meta-Analysis: The Efficacy and Safety of Paricalcitol for the
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KanbuMmMmmmeTUKM noBbLIWAKT YYBCTBUTENbHOCTDb
peuentopoB (CaR) K BHEeKNeTo4YHOMY KasnbLUuIo
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Goodman WG et al. Adv Ren Replace Ther. 2002;9:200-208.



KanunmumeTtukm cHmxarot ypoBeHb [1TI, Ca n PO4

Vitamin D

iPTH

SHPT

Ca+P

Vitamin D

Calcimimetics

iPTH

SHPT

Ca+P

Traditional therapy trade-off

The goal is control of both

de Francisco ALM et al. Expert Opin Pharmacother. 2008;9;795-81 |
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Tepanua lluHakaaeToM ¢ HU3KUMU 103aMu BuT. /1.
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Table 4. Comparative studies between paricalcitol and calcimimetics.

Author

Year

Study

Result 1

Result 2

Fishbane S.*°
(ACHIEVE)

2008

Open-label multi-centre study

with n=173 haemodialysis

subjects recruited in 43 centres
with a duration of 33 weeks,

randomised at a 1:1 ratio:

- Cinacalcet + 2pg paricalcitol

or 1pg doxercalciferol

(cinacalcet D n=87) treatment

arm
- Flexible dose of vitamin D

(paracalcitol or doxercalciferol

n=86) treatment arm

A greater proportion of patients
with cinacalcet-D in comparison
with the patients who took the
flexible dose showed >30%
reduction in PTH (68% compared
to 36%, p<0.001)

A greater proportion of
patients with cinacalcet-D |
comparison with the D-Fle
patients achieved a PTHi <:
(44% compared to 23%,
p<0.006)

No significant difference w
observed in the number of
patients from both groups
who simultaneously reache
a mean PTH value of 150-
300pg/mL and a mean Ca
P value of 55mg¥dL? (21%
versus 14%)

Ketteler M.
et al.®
(IMPACT)

2012

Open-label, randomised,
multi-centre, international
phase IV clinical trial with a

28-week follow up, comparing
haemodialysis patients treated

in monotherapy with IV
paricalcitol (IV stratum) or

oral paricalcitol (oral stratum),
n=134, versus patients treated
in bitherapy with cinacalcet plus
low doses of vitamin D, n=134

The results showed that in both
strata, the patients treated with
paricalcitol compared with the
patients treated with cinacalcet
achieved the PTHi objectives
established in the K/DOQI
guidelines (150-300pg/mL) more
frequently with steady serum Ca
and P levels

In the paricalcitol treatmen
arm, 7.7% of patients in tt
IV stratum and none in the
oral developed hypercalcae
(Ca>10.5mg/dL), this not

being statistically significan

In the cinacalcet treatment
arm, 46.9% of patients in-
IV segment and 54.7% of
patients in the oral segmer
developed hypocalcaemia
(Ca<8.4mg/dL), this being
statistically significant



A Randomized Trial of Cinacalcet versus Vitamin D

Analogs as Monotherapy in Secondary
Hyperparathyroidism (PARADIGM)

James B. Wetmore,* Konstantin Gurevich,” Stuart Sprague,* Gerald Da Roza,® John Buerkert,! Maureen Reiner,
William Goodman,¥ and Kerry Cooper®

|

Abstract
Background and objectives Direct comparison of cinacalcet and vitamin D analogs as monotherapies to lower
parathyroid hormone (PTH) levels has not been undertaken.

Design, setting, participants, & measurements This was a prospective, multicenter, phase 4, randomized, open
label study that enrolled participants from 2010 to 2012. Adult participants (7=312) on hemodialysis with
PTH >450 pg/ml were randomized 1:1 to 12 months of treatment with either cinacalcet (n=155) or vitamin D
analogs (n1=157) to evaluate the mean percentage change in plasma PTH level (primary end point) and the
proportion of participants achieving plasma PTH <300 pg/ml or a =30% decrease in PTH (secondary end
points). A preplanned analysis to determine whether there were important region-by-treatment interactions wa
also undertaken.

Results Baseline mean PTH was 846 pg/ml (n=155) for cinacalcet and 816 pg/ml (n=157) for vitamin D analog
therapy. The mean (95% confidence interval) percentage change from baseline in PTH was —12.1% (—20.0%
to —4.1%) in the cinacalcet arm and —7.0% (—14.9% to 0.8%) in the vitamin D analog arm, a difference of —5.0%
(—15.4% to 5.4%) (P=0.35). Similarly, there was no difference in achievement of secondary efficacy end points
between arms (19.4% and 15.3% of participants with PTH=300 pg/ml and 42.6% and 33.8% of participants had
PTH reduction >30% in the cinacalcet and vitamin D analog arms, respectively). A prespecified analysis
revealed a large treatment-by-region interaction, with nominally greater response to cinacalcet compared witl
vitamin D analogs in non-United States participants (US versus non-US participants, P<<0.001). Hypocalcemi:
was more common in the cinacalcet arm, whereas hypercalcemia and hyperphosphatemia occurred more
often in the vitamin D analog arm.
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Week
inacalcet 155 146 142 138 139 139 138 131 132 128 129 127 114 116 112 114 111 103
raditional VD 157 150 144 146 142 134 132 132 127 124 127 122 118 118 115 114 111 110

3. | Mean (SD) PTH over time by treatment arm. PTH, parathyroid hormone; PTWO, posttreatment washout phase.

Conclusions Participants had similar modest reductions in PTH with either cinacalcet or vitamin D analog
monotherapy over 52 weeks of treatment, but effects varied by region. Treatments differed with regard to effect
on calcium and phosphorus levels.

Clin | Am Soc Nephrol 10: eee—eee, 2015, doi: 10.2215/CJN.07050714
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KoppeKuusa KOCTHO-MUHepasribHbIX HapyLleHUn npu
rmnepnapaTtmpeose — CMeHa napagurmoi

lNepBaa AnHUA Tepanuum.

[Mpn nosbiweHnn PTH n ueneBbix 3HayeHnAx P n Ca — npumeHeHue
aKTMBHbIX dpopm BuUT D

KoppeKuua nepBoit AMHMK Tepanum

[Mpn nosbiweHnn PTH n 3HavyeHnax P n Ca Ha BepXHUX rpaHMLUax HOPMbI
— npumeHeHune aHanoros BUT D BmecTe ¢ HecoaeprKalmmm Ca P-
CBA3bIBAOWMMM NpenapaTamm

BTopas AMHuAa Tepanum
Mpwn nosblweHHbIX PTH, P n Ca — npumeHeHmne KanuemmmeTnKoB
TpeTba NMHUA Tepanumn

[pn Bblpa*KeEHHOW rMnepnaasumn NapaLmMTOBUAHbIX Kenes U
HEe3pPEKTUBHOCTU MeANKAaMEHTO3HOM TepanmMu — NapaTMpPeonags3KToMmusa



=PekomeHOauus 4.1.1. NepBoHa4yanbHbIX BbIOOP
npenaparta gna koppekuuu BITIT, ero cmeHa unu
KOMOMHauUA onpenensoTca nokasarensamm doccdopHo-
KanbuneBoro oomeHa, npocgpunem 6e3onacHocTu
npenaparta 1 KnmHn4yeckum sapuaHtom MKH (1A). Mpwu
TeHAeHUuu K HapactaHuio ypoBHA UllTI B nHTepBane ot
300 no 600 nr/mn no pe3ynbTaTtamMm 2 nocnenoBaTesibHbIX
namepeHuun unm yposHe ullTr >600 nr/mn Heob6xoaAMMO
HayaTb MeAUKAMEHTO3HYI Tepanuio.

»PekomeHOayus 4.1.2. Y naumeHToB ¢ XBIl 3-5-u ctagun
MeankKaMmeHTo3Hasa Koppekuua BITIT Bknrovaer
nepopanbHbIU NpuemM HeceneKkTUBHbIX BOPA
(kanbuuTpUoOn, anbgakanbLUUaos) U CerieKTUBHbIX
BOPA (napukansuuton) npu ypoBHe P n Ca B uenesom
AvanasoHe unu npuv runokanobumemum (1C).

"PekomeHOauyus 4.1.3. BOPA He cnegyeT Ha3Ha4vaTb
nauueHTam ¢ goamannsHoun XbI1 c runepkanbunemmen
n/unu rmnepdocdaremuen (1C).



m PekomeHOayusi 4.1.4. NepBoHa4YanbHbIN BbIOOP Npenapara ans
koppekuuu BITIT y naumeHTtoB XBI1 5D ctagun cnepoyet ocHOBbIBaTb C
yyeToM ABYX KnnHn4decknx sapuaHtoB MKH-XBI1 (HI).

m o «KnuHMYecKkun BapmaHT NnpMmMeHeHnsa BUTammHa D»
XapakTtepusyeTcsl runokaribumemMmmen nnm KoHueHTpaumen Ca CbiIBOPOTKU
Ha YPOBHE HUXXHEeN rpaHulbl UesieBbIX 3HA4YeHUN U LerieBbIMU
nokKasaTensiMm cbIBOpoOTOYHOro P.

m o «KnnHnyecknm BapuaHT NPpUMEHeHUs KanbUuUMUMEeTUKa»
XapaKkTepusyeTcs runepkanbumemMmen Unm KoHueHtpauumen Ca Ha ypoBHe
BepXHen rpaHulbl LeneBbIX 3HAYeHUN U NOBbILLEHUEM CbIBOPOTOYHOrO
P.

= o [Ipy HOpManNbHOM UMM HU3KOHOPMaNbLHOM YPOBHE CbIBOPOTOYHOIO
Ca 1 BbICOKOHOpMaribHOM ypoBHe P uenecoobpa3Ho co4yeTtaHHoOe
npuMeHeHue KanbunmumeTuka (umHakanuet) v BOPA (anbdakanbumngon,
KanbUUTPUOIJI, NapuKanbLuuTon).

m PekxomeHOauyus 4.1.5. Y naumeHToB ¢ XBI1 5D Mbl pekomeHayem
HayuHaTb MeAUKaMEHTO3HYI0O MOHO- Unn covyetaHHyto Tepanuio BITIT c
MMWHUMarbHbIX 003 BbIOpaHHbLIX NpenapaToB C nocrieayowen nx
TUTpaUuen, KoTopas NpoaosmKaeTca 40 AOCTUXEHUS UerieBbiX 3Ha4YeHUN
onoxnmunyeckux nokasareneun goccopHo-kanbumesoro oomeHa (1C).



m PekomeHOayusi 4.1.6. [NapukanbLNTOS
YMEHbLUAEeT PUCKN TnepKanbLnemMmm,
BHEKOCTHOW KanbLUMMUKaLnm n 9BnseTcs
npenapaTtom BblbOpa Ha AoANanmn3HbIX CTaanaX
XBI1 npw:

* BI'TIT, peancteHTHOM K Tepannmn KanbUuUTpUosiomM Unm
anbdakansumgosrom (2B);

= KanbUMeEMUN, BIIN3KON K BEPXHEN rpaHuLIE LIENEBOro
avianasoHa (2B);

* 3Nn304ax rmnepkansunemMmnm Ha doHe Tepanmm
HecernektneHbiMu BOPA (2B);

* BHEKOCTHOM Kanbumdumkauymm (2C);
= Anabetnyeckom Hedoponatum (2B).



= PexomeHOauus 4.1.7. LInHakanueT asnsaetca
9P PEKTMBHLIM npenapaTtom koppekummn BITIT:

- CH/XKaeT YyactoTy napatmpeonaakromuu (INMT3) n neperiomos
kocten (1A);

» ABMSETCA Tepanuen Belbopa B Criydasix HEBO3MOXHOCTM UK
OTKasa OT xmpyprudeckoro eBmeluatenscrea Ha INUDK (HIN);

= 3aMeasideT KarnbundmKaumio CoCy40B U KnanaHoB cepaua npu
NpoAoIKNTENBbHOM NpuMeHeHun (2C);

= CHM)XXaEeT pPUCK pasBUTUS cepaeyHon HegocTaTtoyHocTu (2B);
* CH/PKaEeT YacToTy rocnmrannsaumim no cepaevyHo-cocyancTbim
npuynHam (2B).
s PekomeHOauyusi 4.1.8. UnHakanuet aBnsertcs
npenapaTtom Bbibopa ansa koppekuuu BITIT npu:
- BI'TIT, pe3ancteHTHOM K Tepanuu npenapatamu sButammya D (2B);
" runepkansumemun (2A);

* TDYAHOKOHTPONMpyemMoun rmnepgocgaremMmmn,
conpoBoXaatollencs nosbieHnem L (HI);

= KanbUMdmKaLum CocyaoB, KranaHoB cepaua, MArknux TkaHen nnm
ypemundeckon Kansundomunakcum (HIN).



4.2. NapaTnpeonpgakromMmma

m PekomeHOauyus 4.2.1. lNapatnpeonaaktomusi (INT3I) — apdeKTUBHbLIN
meToq neyenusd BITIT, koTopbi NpMBOAUT K ObICTPOMY PErpeccy KNUHUKO-
nabopaTtopHOW CMMOTOMaTUKK 3ab0eBaHNSA, CHUYKEHMIO pUCKa
HebaronpMUATHBIX MCXOA40B U NOBbILLEHUIO KAYECTBA XXWU3HU NaLUNEHTOB
(2C).

s PekomeHOauyusi 4.2.2. lNokasaHus Kk [1T3 y naumeHtoB XbIl1 3—5D ctaann
c TskenbiM TedeHnem BITIT onpegendatoTca npy gMHaMU4YeCcKkom
HaBMAEHNN N KOMMSIEKCHOM OLIEHKE KIMHNYECKOW U nabopaTopHOM
cumnTomMaTumkn (1B).

m PekomeHOauyusi 4.2.3. Mbl pekomeHayem npoBeaenue MNT3 y nauneHToB
npw.
= noBbllweHnn ypoBHS NTI 6onee 1000 nr/mn B TedeHne >6 Mec, pepakTepHOM K
MeOJUKaMEHTO3HOWU Tepannmn,
* BbIpaXXE€HHOM HEKOHTPOSIMPYEMOW runepkanbumemMmm;

* NPOrpeECCUPOBAHUN KITMHUYECKON CUMNTOMATUKKN (YCUNEHNE KOCTHO-CYCTaBHbIX
bornen, sMeHeHne NOXOOKN);

- KaJ'IbLI,I/ICbI/IJ'IaKCI/II/I C pa3BnUTneEM NLIEMNYECKNX N3BA3BNEHNN KOXN.



