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Prevalence of Anemia in Chronic Kidney Disease in the

United States YPOBEHb TEMOITTOBUHA U CK® (FTHU, CNB, 20056) n=89¢
Melissa E. Stauffer'*, Tao Fan?
180—
Table 3. Prevalence of anemia.
150—
Weighted Projected = 24
N percentage 95% ClI number in US 5
3
With CKD 410 15.4 13.1-18.2 4.8x10° 5 g |
Stage 1 57 8.4 5.5-12.4 0.6x10° = “’.g:,ﬁ%"::}: £ . (r=0,417, p<0,001)
Stage 2 68 12.2 9.2-16.0 0.9x10° 60— ) e o ’
Stage 3 231 17.4 13.7-21.8 2.7x10° o - ’ R SaLinear - 0,173
Stage 4 37 50.3 37.2-63.4 0.5x10° 30 | | | | | | |
Stage 5 17 53.4 34.1-71.7 0.2x10° Q §d o' 1 = U o
Without CKD 729 6.3 5.3-7.4 11x10° e

The percentages reflect the prevalence of anemia, survey weighted to the US
population. The analysis by stage of CKD was limited to subjects with CKD as
defined in the Methods section (N = 2,125); data for anemia were missing for a
total of 7 CKD patients (<<19%), all in stages 1-3. Prevalence of anemia in
subjects without CKD was determined in 9,269 subjects with non-missing data
on anemia status.

doi:10.1371/journal.pone.0084943.t003

Stauffer ME, Fan T. Prevalence of anemia in chronic
kidney disease in the United States. PLoS ONE.
2014;9:e84943.



Research Article

The Impact of CKD Anaemia on Patients: Incidence, Risk Factors, c M CT E M ATM l'I Ec K M ﬁ 0 53 O P. A H E M M ﬂ n P M X B n . LI ACTOTA y)

and Clinical Outcomes—A Systematic Literature Review

®AKTOPbI PUCKA, UCXOAbI.

* Puck CMEPTH y MAIMEHTOB IOTyYAI0MUX AAAIN3 IPU Hb <100, 100-120, u

All-cause mortality CV mortality
| ‘ >120 r/n 611 paBen 1.56 (1.43-1.71), 1.17 (1.09-1.26), and 0.91 (0.87-
| | 0.96), COOTBETCTBEHHO.
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Ficure 4: Associations between Hb level and hospitalisation, MACE, and CKD progression in CKD patients.

Palaka E, Grandy S, van Haalen H, McEwan P,

Darlington O. The Int J Nephrol. 2020 Jul
1;2020:7692376.
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Fig. 3. Differences in the cumulative incidence of mortality compar-
iIng users of erythropoietin-stimulating agents with non-users by the
initial hematocrit level, Renal Management Information System
2007-2011.

B uenom vy naumeHTos,
nosay4vasmx pu3rio
OTMEYaeTCA CHUXKeHMe
PUCKA CMepPTHU

D.D. Dore et al. / Journal of Clinical
Epidemiology 66 (2013) S42eS50



PR nameHunswmne otHoweHme K py3ll10o

NccnepoBaHme [o3bl 3CA [emorno6umH Puck

NHCT Besarab 1998 | 460 vs 120 126 vs. 103 Obuwas netanbHoOCTb 1.27
epo a ME/kr/Hen, B/B (1.04 - 1.54)

(N = 1265) nnu n/Kk

CREATE Drueke 2006| 5000 vs 2000 130 vs. 114 Oblwasa netanbHOCTb HET
epo B ME/Hen, pasHULbI

CHOIR Singh 2006 11,215 vs 6276 126 vs 113 Obuwas netanbHOCTb 1.48
epo a ME/Hep n/k (0.97-2.27)

(N = 1432)

TREAT Pfeffer 2009 | 104-305 mkr/mec |125 vs. 106 Obuwas netanbHocTb 1.05

darbe a (N =
4038)

n/K

(0.94 - 1.17) UHcynbT 1.92
(1.38 - 2.68)

He Hap0 HoOpmanu3oBbIBaTb remornobuH nbbiMmu cpeacreamm




CTaHAapTHbIe BbIBOAbI

* AHeMmumnAa TUNMYHOE U YyacTtoe ocnoXHeHune Xbll

* AHemusa y naumneHToB ¢ XBI accoummpyetca ¢ HebnaronpmATHbIMU
cobbITUAMU

* Ha3zHa4deHue puydllO accoummpyeTca Co CHUXKEHNEM PUCKA CMepTHU

* Hopmanusauma remornobumHa (nosbiweHue sbiwe 120 r/r) Ha doHe
Ha3HayeHUa pu3lO un Kenesa NPUBOAUT K HAPACTAHUIO PUCKA
HebnaronpuUATHbIX COObITUN (CMEPTb, MHCYNLT)



HedpoMepg,

Knunnueckas IIPAKTHUKA B NICAJIbHBIX YCJIOBHUAX

MaTtepuan:
3 otaenenna amanmsa (Omck, TromeHb 1, TiomeHb 2), rae mbl

rapaHTUpPoBaHO obecneymBaem nevyeHne aHemun y 100% Hy»KgatoLmnxcs
nauneHTos (n=258)

Cpok HabntoaeHuns 01.01 —31.08.2022
Ona KoppeKkunm aHemmnm ncnosibzosanca npenapat py3MO —3n03TUH

anbday 100% nauneHToB
[MauueHTbl, HabnoaaBLIMECA B LLEHTPE MEHbLIE 3-X MEC. MCK/IHOYEHbI



PacnpeneneHne nauMeHTOB NO AOCTUMKEHMIO LENEBOrO YPOBHA reMor/iobmnHa,
Ha3Ha4veHuto pu30 mn cpeaHemecsyHble go3bl P40 (naumeHTbl, Habatogaswmecs
MeHee 3-X MeC, U3 aHaAM3a UCKAOYEHbI)

remornobuH r/n

<100 >100 O6wnm utor
pud0 pudI10
He Ha3Ha4eH |Ha3Ha4veH He Ha3Ha4YyeH [Ha3Ha4yeH
% naumneHToB 1,7% 11,7% 22,0% 64,6% 100,0%
cpegeHee YNCNOo NaUMeHTOB B
mecay, 3,5 24,25 45,75 134 207,5
cpegHAA gosa py3l0 B mecAay, 0 30206 0 21323 22684

22% - He Hy»KAatoTcsA B Ha3HavyeHun pudNO (meHbwe 3000 ME/mec)
13,4% - remornobuH HMXKeE LEeneBoro ypoBHA
Pe3uncTeHTHble K Tepanuu puy3dMO (remornobuH HuxKe 100 r/a y nauneHToB, noayyamowmx pydMo) — 15%
[o3a py IO B cnyyae pe3ncTeHTHOCTM Ha 33% Bblwe




MaKTOpPbI, aCCOLMMPYEMbIE C PE3UCTEHTHOCTbIO
(maumeHTbl, mnoayyaswme py3[10)

TSAT %
C-PBmr/n

FfemornobuH r/n
deppUTUH MKr/n
AnbbymuH r/n
CpeaHee eKt/V-online

[o3a 30, BBegeHHaA 3a mecALl,
eKt/V pacueTHoe no aHanM3am

CpeaHAsa CKOPOCTb KPOBU (MA/MNH)
AunannsHoe Bpema B HeZento Yacol

femornobuH Huxke 100 r/n 90 30206 714( 37,5 36,7 16,26 1,38 1,55 320 12,3

femornobwuH 100 r/n v Bbiwe 115 21323| 518 34,7 39,7/ 9,08 1,42 1,76 329 12,5

Obwuii utor 111 22684 544 35,1 39,2 10,22 1,42 1,73 328 12,5

(FlaLI,MeHTbI, Ha6ﬂPO,CI,aBLUMeCﬂ MmeHee 3-x mec, U3 aHanm3a MCKﬂI-O‘-IeHbI)



Bua noctyna n aHemus (naumeHTbl, noaydatowme p4310)
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KaTteTtep 106 469 29,4 38,2 26921 1,59, 20,61 312
AB® HaTI/IBHaFI/I'IpOTe3 112 563 36,2 39,5 21405 1,75 7,56 331
BmecTe 111 544 35,1 39,2 22415/ 1,72 10,17 328

(mauneHTbl, HabnogasLWwKeca meHee 3-X Mec, U3 aHaIM3a UCKOYEHDI)



BbiBOAbI

* PesucteHTHOCTb K Tepanuu py3dlO (Kputepuin 4OCTUKEHME LIeNeBOoro
YPOBHSA remornobuHa Ha doHe Tepanum py3dlO) B cpegHem
oTmeyaetca y 15% naumeHTOoB

e DaKTOPbI, aCCOLMUPYIOLLMECA C PE3UCTEHTHOCTbIO — MPU3HAKK
BOCMa/sieHUs N CMHAPOMaA BeNnKoBO-3HEePreTMYecKoro UCToLeHus,
1033 ANaNn3a, UeHTPaibHble KaTeTepbl)



Resistance to Erythropoiesis-Stimulating
Agents among Patients on Hemodialysis
Is Typically Transient

David A. Goodkin® Junhui Zhao® Aleix Cases® Masaomi Nangaku®
Angelo Karaboyas?®

Method’s: larHHblie DOPPS 2015-2018 (N = 26,656) nay4eHbl U3SMeHeHun
MHAEKCca pe3ncTeHTHoCTM K pudMO (ERI), paccumnTbiBaemoro npu aeneHmm
003bl p43M0 Ha NnpounsBeaeHne remornodbmHa Ha Bec. OTobpasnan
NPONOpPUMM NALUMEHTOB NEPEMELLABLUMXCA M3 0gHOM KBapTuam ERI B gpyryto
Ha NPOTAXeHUN 12 mec

M3y4yeHbl YacToTa U ANNTE/IbHOCTb PE3UCTEHTHOCTM M GATKOKPbI, KOTOPbIE C
3TUM aCCOLMMPYHOTCA

Results:

BONbLWMHCTBO NALUMEHTOB NepPexoamnmn B APyryto KBapTUALO B Te4eHnn 4 mec.
Tonbko 22% 13 KBApPTUAM C MakCMmanbHbiM ERI B Havane nccnenosaHmA
(4.4% oT obuwen rpynnbl) ocTaBaAMChb B Hel 3a BCE Bpems HabatogeHus (12
mec). 42% Kak MUHUMYM B TedeHMn 1 mec nobbiBana B rpynne ¢
MaKCMMabHOM PE3UCTEHTHOCTbIO.

MeamaHa AAUTEeNbHOCTM HOBOMO 3NM304a PE3UCTEHTHOCTM DObl/la paBHa 2 mec
PaKTOpPbl aCCOUMMPYIOLLMECA C PE3UCTEHTHOCTbLIO: KaTeTepsbl, CPB, HM3KOoe
HacblleHne TpaHCcheppPUHa, CHUKEHNE aNbbyMMHa 1 HeAaBHASA
rocnuTanmnsaums

Camblint Bbicokmin ERI 6bin B CLUA, NTannm, ctaHax MNepcnackoro 3aamnsa u

camble HU3KMe B Poccum 1 ANOHNUN, Fig. 1. a ERI quintile at 0, 4, &, 12 months,

for patients in ERI quintile 5 at baseline.
b ERI quintile at 12 months by ERI quintile

Am J Nephrol 2022;53:333-342 at baseline.
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- [1pUYnNHBI HEPPOTEHHOM
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COCTAB/IAOWME dpaktopsl HEGPOTEHHOW AHEMWUWK

XbI]

BocnaneHue Ypemua

JpmnnNTO3 Nedunumnt MO W BnoK Kenesa

CHUXKeHue HyBCTBUTE/IbHOCTU NMOYKHU K

TMMNOKCUU



BocnaneHune n aHemma npu Xbll

9PUTPOMNO33

HapyweHue andpdepeHumMpoBKU
MMENoOMAHOro POCTKa KPOBETBOPEHMA

BAnsiHME Ha MUTOXOHAPUA/IbHbIE
OYHKUWM U HapYLLUEHUE CUHTE3A
remornobuHa

CHU)KeHune NNOoTHOCTU peuenTopos K 30

TopmoXKeHMe CUrHANbHOTO KacKaja
aKTMBauuu peuentopos K 30

N3meHeHne makpodaros B
3pUTPOBNACTHBLIX OCTPOBKAX M Konanc
nocnegHux

~

/=

CHUXeHue AOCTYNMHOCTU XKee3a

KEJIE3O

CUHTE3 31O

TpaHcdopmayma MO npoayunpyOLLNX
dnbpobnactos B Mnmodpunbpobnactol

BOCNAJIEHUE

TMMmynauma eubposa B NoYEYHOMU
napeHxmme

Penpeccua TpaHckpunumm reHa N 2a
(Epasi)

3PUTPOLUTDI

AKTMBAUMA OKUCUTENIbHOIO cTpecca un
CTUMynAaunAa aspmnnTo3a

Penpeccua TpaHcKkpunumu reHa 30O

AN




CHUKERWE ONNTEJIBHOCTN MU3HWN SPUTPOLUATOB Y

NAUWEHTOB C XBI1

* CHMXKeHune ANNUTEeNbHOCTU XKU3HU
aputpouuntos ¢ XbI13
* [lapgeHune petnkynountos ¢ Xbl15

Jiu-Hong Li, Jun-Feng Luo Kidney

Blood Press Res 2019;44:1158-1165
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Fig. 1. RBC lifespan across CKD L . Fat at oo-
stages. * RBC lifespan is signifi- H ote ‘ N s
. 50 ] i - s
cantly shorterin stages 3,4, and 5 a, - .
than in stages 1 and 2 (p < 0.05). *
RBC, red blood cell; CKD, chronic xD1 xD2 CKD3* xpa* cKDs*
kidney disease.
Table 1. Renal anemia indicator data by CKD stage group
Indicator CKD stage
1 2 3 4 5
Hb, g/L 134+16 146+20 122+23* 99+20* 99+19*
RBC lifespan, days 122450 11226 90+32* 88+28* 60+24*
EPO, IU/L 9.0+4.1 7.7+4.9 11.1+5.7 10.6+4.5 7.2+47
Ret/10° uL 0.07 (0.05-0.07)  0.06(0.05-0.09) 0.07 (0.04-0.1) 0.05 (0.04-0.07)  0.04(0.03-0.05)*
Ferritin, ng/mL 99 (60-178) 161 (109-329) 283 (143-448) 149 (79-378) 203 (115-390)
Folic acid, ng/mL 10.2 (8.7-16.1) 13.4 (8.5-15.5) 14.2 (10.3-184) 15.6(14.2-18.2) 15.6(14.9-184)

Vitamin B12, pg/mL 402 (364-541)

434 (415-503) 517 (394-837)

540 (438-723)

509 (404-965)

* Significantly shorter than CKD stage 1 (p < 0.05).
RBC lifespan, serum EPO, and (Hb) data are means + SD. Serum ferritin, folic acid, vitamin B12, and Ret data are medians

(interquartile ranges).

Hb, hemoglobin; CKD, chronic kidney disease; RBC, red blood cell; EPO, erythropoietin; Ret, reticulocyte count.



IPUNTO3 MEXAHU3MDbI
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3puTpodaroumnTos . 3
_CD47 "4sesesassnced veordllone, » K—\ Inflammation |
| Hypoxia |

ypoxia

Dias GF, Grobe N, Rogg S, Jorg DJ, Pecoits-Filho R, Moreno-

Amaral AN, Kotanko P. Front Cell Dev Biol. 2020 Dec 9;8:598148.




PasButne PyHKUMOHANBbHOIO
nePuLUMTa Kene3a Ha oHe
Ha4vana tepanunn p4y3llo

Eschbach JW, Egrie JC, Downing MR, et al. Correction of the anemia of endstage

renal disease with recombinant human erythropoietin. Results of a
combined phase | and Il clinical trial. N Engl J Med 1987;316:73-78.
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Figure 1. Functional iron deficiency induced in a patient by 50 U/kg of rHUEPO

given three times weekly (Figure adapted from Eschbach et al., 1987).



CxeMa KpyroobopoTa *enesa

nevyeHb

PUTPOH

KUWEYHNK

I BHewWwHMe noTepu

@ - ®epponopTUH — OYEHb BaXKHbIN 6e10K

C 3meHeHnaMn ns
Drakesmith et al. Cell Metab. 2015 November 3; 22(5): 777-787.



depponopThH, TPaHCHEPPUH, rencuamH —
MOJleNb NepemelleHna Kenesa

Ubiquitination

Endocytosis

Drakesmith et al. Cell Metab. 2015 November 3; 22(5): 777-787.



Cxema KpyroobopoTa Kenesa 1 rencuamH

x fencngnH

—\QXXX

\ CHWXeHue HacCblWeHWA
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X > (s
ne4yeHb x
TpaHcheppUHa n
== | AOCTYNHOCTM XKenesa

<
P: DpPUTPOH

I BHewHMe noTepu

C 3meHeHnaMn ns
Drakesmith et al. Cell Metab. 2015 November 3; 22(5): 777-787.



KpoBonoTeps y naumneHTa, Noayyatolero XpoHMYeCKum
remounasnan3 A0/IKHa NPUBOANUTL K HEOBXOANMOCTH
BocrnosiHeHna 1,5 — 2,5 r/*kenesa B roa

O6ycnosneHHble anannsHom TexHonornei (membpaHa + | 165 mn/rop,
MarucTpanb)

OKKynbTHble XKKT (MMKpO) KpoBoTeueHusn 2257 mn/rop,
PerynapHbie 3a60pbl KpoBu gna obcnepaoBaHun 428 mn/rop,
PaboTa c 4BYXNpPOCBETHbIM KaTeETEPOM 2680 mn/rop,
Utoro: nauueHT c ABO 2850 mn/rop,
MUTOro: naumeHT c nepMaHeHTHbIM KaTeTpom 5530 mn/rop,
3abbITbl NPOYME NOTEPU OKONO 2 MA Ha NpoLeaypY, g(:<+m}:’ iiﬂéiﬁ?ﬁﬂﬁi’f
YTO AO0J/IKHO A06aBUTHb ewe 312 M KpOBONOTEPU B rof, c';'ff,’f'ii'uiiifiﬁ;iﬁ) catheter 2680 mi. of bloodyear

double-lumen catheter

G. Rostoker et al. Drugs (2016) 76:741-757



[ToTpebHOCTb B Nap3HTIPabHbIX NPpenapaTax
enesa (4aHHble rpynnbl KomnaHun HedpoMen)

rogoBas

Mr Ha 1 npouenypy noTpebHOCTb Mr
LeHTtp 1 15,4 2373
LleHTp 2 11,2 1722
LleHTp 3 13,4 2058

BmecTe 13,3 2050




B pe3synbTaTe nporpeccnposaHna HePPOCKNEPO3a U ypeMum
afeKBaTHoe nosbiweHue 3O B OTBET Ha aHEMUIO UCYE3aeT

* YposeHb IO nosblwaeTca npu
cHuXeHun Hb npu XBIM 1-3 cT.

*  [lpn CHUXKEHUU KNNPEHCA KPpeaTUHUHA
HU¥e 30-40 mn/muH nosbiweHme 3MO
CTAHOBMUTCA HEaAEeKBATHbIM

* [lpu TepmunHanbHoun ctagmm XIMH
onpegeneHHoe KoOMNeHcaTopHoe
nosbiweHmne 310 ocTaeTcAa, oAHAKO
aMMNINTYAQ ero CHUXKeHa

’ *  YpoBeHb cbiBOpOTO4YHOro 3MO0 vy

nauneHTos ¢ Xbl1 B 5 pa3 Bbiwe No

CpaBHEHWIO CO 340POBbIMU NNLLAMUA

Artunc F and Risler T. Serum erythropoietin S Fishbane et al.Kidney International (2010) 78, 646—649
concentrations and responses to anaemia

in patients with or without chronic kidney

disease Nephrol Dial Transplant (2007) 22:

2900-2908
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http://../Local%20Settings/Temporary%20Internet%20Files/Content.IE5/PTWO2L2G/2900.full.pdf

210 npoayumpyrolime KNeTkm 1 runoKcuA

Oxygen replete . Oxygen deficient
po-gene
_I-E>ﬂ<ﬂ switching —’E:n
OFF-REP ON-REP

Acute anemia Chronic anemia

o OFF-REPs .*ON-REPs % Hypoxic area

1. Mpwn HopMmanbHOM oKcureHauum ynucno IMO
NPOoAYyLUPYIOWMX KNETOK HEBENNKO, MO
JIOKA/IN3aLUM OHWN OrPaHMYeHbl TyboKMmu
Y4aCTKaMWU KOPTMKANbHOIO M YaCTUYHO
HapPYXHbIMM Y4aCTKaMM MeaYyNNAPHOTrO C/10A

2. [1pn rMNOKCUU NUX YNCNO BO3pacTaeT
9KCNOHEeHLUWaNbHO, OHU PACNPOCTPAHAIOTCA OT
rNyBOKNX KOPTMKANbHbIX Y4aCTKOB A0 NOYEYHOM
Kancynbl

3. MNpwn HeppocKepo3e NoTpebHOCTL B
Kncaopoze nagaet, N0O3TOMY YyBCTBUTE/IbHOCTb K
KMCNOPOAHON EMKOCTU KPOBU CHUXKAETCA

4. Crabunusauuma HIF-1la no3sonser
aKTusBmposaTtb «cnawme» MO npoayuupyowme
KNeTKWN B 3TUX YCNOBUAX

Souma T, Suzuki N and YamamotoM (2015) Renal erythropoietin-producing cells in health and disease.
Front. Physiol. 6:167. doi: 10.3389/fphys.2015.00167



Research Article

Blood
Purification Blood Purif 2021;50:364-369 Ty
DO 10.1159/000510997 Pl he lnetOciober 23 2020
Table 2. Univariate and multivariate analyses between ERI and clinical variables (n = 164)
The Influence of Altitude on Erythropoietin Variables Univariate, Pearson’s Multivariate, linear regression
Resistance Index in Maintenance Hemodialysis et —
Patients: Data from Tibetan Plateau r pvalue B p value
Yan Wang?® Zong-hui Dang® Liang-ying Gan?® Ciren Luobu® LeiZhang? Altitude (m) —0.353 <0.001 —0.489 0.026
Guodiang LiP  Li Zuo® Gender (male) 0.193 0.013 0.047 0.555
gLi® LiZuo
Age (yr) 0.211 0.007 —-0.014 0.862
Ethnic group -0.293 <0.001 0.187 0.338
Duration of EPO use (months) 0.199 0.011 0.071 0.395
Dry weight (kg) -0.224 0.004 ~0.200 0.017
—_ High flux dialysis (#, %) —0.090 0.251 - -
N1 40 < 0.001 Serum creatinine (umol/L) -0.070 0.373 - -
A p <0. o
pr) Ferritin (ng/mL) -0.059 0.494 - -
2 ! ' , TSAT (%) ~0.140 0.107 - -
B2 30 B Maximum Albumin (g/L) -0.229 0.004 —-0.251 0.001
* - Upper quartile Adjusted calcium (mmol/L) 0.066 0.400 - -
- PP . q Phosphorous (mmol/L) -0.155 0.048 -0.016 0.834
& o 204 Median iPTH (pg/mL) -0.313 <0.001 ~0.142 0.119
. Triglyceride (mmol/L) 0.078 0.339 - -
‘_x LGIWjET que rtile Total cholesterol (mmol/L) -0.059 0.472 - -
g 10 - —— Minimum
rmeans Pearson’s correlation coefficients; p means standardized regression coefficients. EPO, erythropoietin;
:x] I ERI, erythropoietin resistance index; iPTH, intact parathyroid hormone; TSAT, transferrin saturation.
= 0 — T |

LA group HA group

Fig. 1. Distribution of ERI grouped by altitude. ERI, erythropoietin

resistance index; HA, high altitude; LA, low altitude. MoBANAIOT 1M UHTMBUTOPbI NPOMATUAPOKCKNES Ha
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Endogenous erythropoietin in serum (U I™")

MHrMbuTopbl NpOoAnArnapoKkcnaa3 nossiwatoT M0 B npeaenax 6AM3KUM K
PU3NOOTUYECKUM 3HAYEHUAM

60

50

40 +

+— Placebo (n = 14)
+— Molidustat 5 mg (n = 9)
Molidustat 12.5 mg (n = 8)
—&— Molidustat 25 mg (n = 9)
+— Molidustat 37.5 mg (n = 9)
= Molidustat 50 mg (n = 9)

o -

Time (h)

nd EFO

Endogenous erythropoietin serum levels (geometric mean) following a single oral dose of placebo or
molidustat at doses of 5, 12.5, 25, 37.5 and 50 mg. Error bars show 90% confidence intervals (n = 58)

Bottcher M, Lentini S, Arens ER, et al. Br J Clin Pharmacol. 2018 Jul;84(7):1557-1565.
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MHrMbuTOpbl NPOAUATUAPOKCUNAS.
lpenmylLLecTBa

* KOHTPO/1Ib aHEMUU MPU MEHbLLEM YPOBHE SHAOINEeHHOro
3PUTPONO3TUHA MO CPpaBHEHUIO C ypoBHem pPyII10

* CHU)KeHMe rencnamnHa 1 NoBbllLeHne JOCTYNHOCTU XKenesa
* [lepopanbHbI¥ NPUEM

* CHUXKeHue xonectepuHa n Tpurnmuepuaos (Nonb3a HeAacHa)
* [lpoTBOBOCNANUTENbHBLIN 3dDDEKT (NONb3a HEACHA)

* UnTtonpoTtekuma npm nwemumn (noab3a HescHa)



CHUXaOT U UHTMOUTOPbLI NPOANATUAPOKCKMNA3S
YNCNO MaLMEHTOB C PE3UCTEHTHOCTbIO?

e [1aHHbIX O NPENMYLLECTBE B OTHOLIEHUMN YBE/IMYEHMNA NONM
NnauueHTOoB, OTBETUBLLUUX Ha Tepanuto (cpaBHeHMe ¢ pudl0) - HeT
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= Erythropoiesis (e.g. EPO)
* Cell metabolism (e.g. GLUTI)
* Angiogenesis (e.g. VEGF)

Proteasomal
degradation
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Q. Zhang et al. Genes & Diseases (2019) 6, 328e332
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Relationship between anti-erythropoietin receptor autoantibodies
and responsiveness to erythropoiesis-stimulating agents in patients
on hemodialysis: a multi-center cross-sectional study

Akinori Hara'2® . Yoshitaka Koshino? - Yukie Kurokawa? - Yasuyuki Shinozaki*® - Taito Miyake'* - Shinji Kitajima'* -
Tadashi Tc\yamaL4 - Yasunori lwata'* - Norihiko Sakai'**- Miho Shimizu™*. Kengo Furuichi' - Hiroyuki Nakamura? -
Takashi Wada'#

Table 3 Factors associated with the ESA resistance by multivariate
logistic regression analysis to compare the highest versus three lowest
quartiles of ERI

OR 95% Cl pvalue
Age (+ 10 years) 1.47 0.83-2.62 0.189
Men 1.27 0.28-5.67 0.755
R AS inhibitors 0.51 0.15-1.72 0.275
KeVi+ 1) 0.43 0.063-2.98 0.395
Log of ferritin {(+ 1) 0.63 0.35-1.11 0. 106
log of CEP (+ 1) 40.88 3.09-540.84 0.005
Log of intact PTH (+ 1) 1.23 0.47-3.25 0.677
Magnesium (+ 1 mg/dL) 1.08 0.20-5.83 0.925
Log of vitamin B, (+ 1) 041 0.12-1.38 0.152
Log of folate (+ 1) 1.30 0.23-7.45 0.767
Anti-EPOR antibodies (posi- 20.72 2.04-210.55 0.010

live vs. negative)

Anti-EPOR antibodies were detected in patients on maintenance
hemodialysis, and these autoantibodies were independent factors for
hyporesponsiveness to ESAs in these patients.

Table 2 Clinical characteristics of patients according to ERI quartiles

ERI guartile | (n=27) ERI guartile 2 (n=27) ERI quartile 3 (n=27) ERI quartile 4 (n=27) p for trend
Besl response Worsl response
Age (year) 67+ 10 63x11 68+ 15 72+11 0.058
Gender (make ), n (%) 22 (82) 14 (52) 19 (70) 19 (70 0.71
EMI (kg/m’) 223+3.2 21526 21.2£47 20,1 £3.2 0.004
Dialysis duration {months) 56 (30-84) 60 (17-100) 74 (40-159) 46(27-111) 0.80
Diabetes, m (%) 15 (36) 16 (59) 16 (39) 15 (56) 1.00
RAS inhibitors, o (%) 11(41) 19 (70} 16 (39) 10 (37) 0.61
White blood cells (% 10YpL)  5.45+1.92 5.27x1.61 548+2.26 463+1.31 0.14
Hemuoglobin (grdl) 1L.l+14 10.8+0.9 10.7+ 1.4 100+1.1 0.004
Plakelets (= 10%/pL) 19.2+6.0 18.1+6.1 17.2+40 15.9+7.1 0.038
KV (single pool) 1.28+0.31 1.53+0.36 1.40+0.30 1.29+0.39 0.91
nPCR (g/kg/dL) 0.82+0.15 0.82+0.12 0.80+0.13 0.82+0.15 0.90
Albumin (g/dL) 3.5(3.2-3.8) 3.4(3.1-3.5) 34(3.2-3.6) 3.3 (3.0-3.6) 0.17
Total cholesterol (mg/dL) 134 (118-160) 152 (132-173) 131 {115-158) 131 (1059 160) 030
HDL-cholesterol (mg/dL) 37 (35-46) 41 (34-64) 39 (31-39) 36(31-54) 0.60
Uric acid {mg/dL) 6.7x1.4 6.8+ 14 6T+1.5 T3xl6 0.16
FPhosphate (mg/dL.) 5.2+14 54+1.2 5310 54+1.5 0.80
Calcium (mg/dL) 8.7+0.6 9.0+0.5 8B+0.5 8.7+06 022
Magnesium (mg/dL) 2.5+0.3 25+0.5 24403 23+04 0.047
Serum iron (pgdL) 76 (536-88) 61 (51-87) 59 (41-8T) 56 (45-85) 0.061
TIBC (ng/fdL) 234 (208-250) 228 (203-253) 242 (215-259) 246 (194-303) 0.19
Ferritin (ng/mL) B7.6(43.4-183.2) 624 (32.5-143.2) 444 (235937 409 (22.3-111L1) 0.039
TSAT (%) 43 (32-50) 35 (29-50) 34 (23-30) 32 (2649) 0.061
Intact PTH {pg/mL} 123 (99-177} 172 (88-221) 128 (52.5-209) 142 (75-184) 0.78
Folate (ng/mlL.) 6.2(5.1-8.5) 5.6(4.8-T74) 5.7(4.2-8.3) 6 (4.7-8.3) 0.59
Vitamin B, (pg/mL) 328 (232-395) 292 (205-470) 250 (202400 262 (198443 0.46
Vitamin E (mg/dL) 0.99 (0.91- L.16) 1.1{0.93-1.29) 0.91 (0.77-1.21) 1.02 (0.86-1.27) 047
Zinc (pgrdL) 3619 5619 S5+8 611 0.50
Copper (pgfdL) 73 (64-EE) 80 (72-90) 76 (67-86) 83 (73-98) 0.055
Total camitine {pmol/L) 388 (33.8-464) 347 (2B4-42.7T) 373 (28551 384 (29.446.8) 0.74
CRP (mg/dL) 0.06 (0.03-0.52) 0.06 (0.04-0.11) 0,07 (0.03-0.32) 0.29 (0.13-0.49) 0.003
ESA dose (x 107 Urweek) 1.25 ( 1.00-—2.00) 2.50 (2.50-4.00) 5.00 (4.00-7.50) 10,00 (8.75-15.00) < 0.001
ERI (ESAMHb/kg) 2.55(1.83-3.05) 5.53 (443-677) 10,18 (8.86-11.54) 20.66 (17.31-28.06) < 0.001
Anti-EPOR Ab, n (%) 1{3.7) 2(74) 1{3.7) T(25.9) 0.016

Continuous values are expressed as mean +standard deviation or median (interguartile range), as appropriate

Ab antibody, BMI body mass index, CRP C-reactive protein, EPOR erythropoietin receptor, ERJ ESA resistance index, ESA erythropoiesis-
stimulating agent, Hb hemoglobin, HDL high-density lipoprotein, K¢V normalized dialysis dose, nPCR normalized protein catabolic rate, PTH
parathyroid hormone, RAS renin-angiotensin system, TYBC total iron binding capacity, TSAT transferrin saturation



ApTepuanbHaa rMNepTeH3na, ypoBeHb reMor/iobmnHa 1 403bl
p4310

ApTepuanbHan

runeprteHsua |femornobuH r/n [103a 310, BBegeHHaA 3a mecAL,

HeT 112 21640

eCTb 110 25023

NTOIO 111 22415
ApTepuanbHas
rmnepTeHsms n (%) 6e3 pu MO (%) nonyyatoT py 3O (%) |BmecTe (%)
HeT 172 (79,7%) 27,0 73,0 100
ecTb 44 (20,3%) 15,3 84,7 100
O6wmnn ntor 216 24,6 75,4 100

Kputepuu aptepmnasibHOM runepTeH3umn
NoananusHoe A/l Bbiwe 159/99 mm pT cT
nnun

MocTTananusHoe Bbliwe 139/89 mm pT cT
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* [uneprnnkemma

* [Mnepypmnkemms



PokcaayctaT, puck pa3sutma SAE (meTaaHanus 9 PKU,

n=2743)

Experimental Control
Study or Subgroup  Events Total Events Total

Weight

Odds Ratio
M-H, Fixed, 95% CI

Odds Ratio
M-H, Fixed, 95% CI

1.9.1 Roxadustat vs ESA for DD patients
Akizawa T 2020 3 150 22 152

Chen N 2017 0 74 0 22
Chen N 2019(1) 29 204 10 100
NCT02278341 2020 210 414 189 420
Provenzano R 2016 26 108 6 36
Subtotal (95% CI) 950 730
Total events 296 227

Heterogeneity: Chi? = 0.60, df = 3 (P = 0.90); I? = 0%
Test for overall effect: Z=2.47 (P = 0.01)

1.9.2 Roxadustat vs placebo for NDD patients

Akizawa T 2019 11 80 2 27
Besarab A 2015 4 88 1 28
Chen N 2017 8 61 4 30
Chen N 2019(2) 9 101 6 51
NCTO01887600 2020 241 391 115 203
Subtotal (95% CI) 721 339
Total events 273 128

Heterogeneity: Chi? = 1.29, df = 4 (P = 0.86); I = 0%
Test for overall effect: Z=1.12 (P = 0.26)

Total (95% CI) 1671 1069

Total events 569 355
Heterogeneity: Chi2 = 2.23, df = 8 (P = 0.97); I = 0%
Test for overall effect: Z = 2.66 (P = 0.008)

Test for subaroup differences: Chi? = 0.33. df =1 (P = 0.57). I? = 0%

8.6%

5.7%
45.7%

3.4%
63.4%

1.3%
0.7%
2.3%
3.6%
28.7%
36.6%

100.0%

1.54 [0.84, 2.81]

Not estimable
1.49 [0.70, 3.20]
1.26 [0.96, 1.65]

1.59 [0.59, 4.23]
1.33 [1.06, 1.68]

1.99 [0.41, 9.62]
1.29 [0.14, 12.00]
0.98 [0.27, 3.56]
0.73[0.25, 2.19]
1.23[0.87, 1.73]
1.19 [0.88, 1.62]

1.28 [1.07, 1.54]

*

0.01

0.1 1 10
Favours [roxadustat] Favours [ESAs or placebo]

100

Zheng L, Tian J, Liu D, Zhao Y, Fang X, Zhang
Y, Liu Y. Efficacy and safety of roxadustat for
anaemia in dialysis-dependent and non-
dialysis-dependent chronic kidney disease
patients: A systematic review and meta-
analysis. Br J Clin Pharmacol. 2022
Mar;88(3):919-932. doi: 10.1111/bcp.15055.
Epub 2021 Sep 30. PMID: 34428860.



OcobeHHocTU Tepanuu pu3T10O B HaWKM AHN

AnpobunpoBaHHbIN MmeToa neveHusa ¢ bonee yem 40-1€THEN UCTOPUEN
Y 6onblunHCTBA 3 PEKTUBHA

PUCKM - 3Haem YTO OXKMAATb, M KaK NpeaynpexaaTb (cobntogeHmne NHCTPYKLUN K
npenapaTy), HO paboTaeT 3TO He Bceraa

Pe3ncteHTHOCTb — UnPpbl cTabunbHbl, 6e3ycioBHa Npobaema y YacTu NALMEHTOB,
HO NPOrHO3 Yy 3TUX NALMEHTOB ONpPeAenaeTca He aHEMMEN, A TEM COCTOAHUEM,
KOTOpOEe NPUBOAUT K PE3UCTEHTHOCTHU

[MoABAEHME UHTMOUTOPOB NPONATUAPOKCUNA3 BE3YCNOBHbIN YCNEX, HO
NPUHUMNMANbHble npemmyLiectsa nepes p43MO B nnaHe obwen spPeKTUBHOCTH
OTCYTCTBYIOT

Cpeau nauneHToB ¢ XbI1 ectb GpeHOTUMbI, KOTOPbIM TEPANUA UHTMBUTOPaMK
NPONUNTUAPOKCUIA3 MOXKET bbITb TepanmMen NepBon NNHUK (pe3ncTeHTHan
apTepuanbHana rmnepTeH3na, Hanmume AT K SpUTPOMNO3TUHY)

B 60pbbe c pe3ncteHTHOCTbIO 33 10-15% naumeHToB HYXHa Tepanusa
HanpaBAeHHasA Ha BocnaneHue (OKCMAATUBHbBIN CTPecC) U ero nocneacTsua



[IMHaMKMKa NOKa3aTenen acCoumMmnpyoLLMXCA C aHEMMEN U PE3UCTEHTHOCTbHO
VY NAUMEHTOB, HAYMHAOLWKMX 3aMECTUTE/IbHYIO NoYeyHyo Tepanuto 3a 2020-
2022 1T (AaHHble rpynnbl KomnaHun HedppoMea)

2020 2021 2022 (9 mec)

Ha3BaHuA cTpoK (n=771) (n=947) (n=697)
remor106mH meHbLie 100 r/n 38,5% 41,2% 57,5%
CpeaHee no nonto femornobuH r/n 103,3 102,9 95,2

dbeppuTnH meHbwe 100 22,2% 20,2% 22,7%
HacbllWeHWe TpaHcpeppuHa menblie 20 40,6% 41,5% 41,1%
J101A NauMeHTOB C KaTeTepamm 30,2% 34,7% 41,6%
CpepHee no nonto C - P6 mr/n 16,2 16,6 21,2
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