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Risk Factors for Heart Failure in Patients With Chronic Kidney
Disease: The CRIC (Chronic Renal Insufficiency Cohort) Study

Jiang He, MD, PhD; Michael Shlipak, MD, MPH; Amanda Anderson, PhD, MPH; Jason A. Roy, PhD; Harold I. Feldman, MD, MSCE;
Radhakrishna Reddy Kallem, MD; Radhika Kanthety, MD, MPH; John W. Kusek, PhD; Akinlolu Ojo, MD, PhD; Mahboob Rahman, MD;
Ana C. Ricardo, MD, MPH; Elsayed Z. Soliman, MD; Myles Wolf, MD, MMSc; Xiaoming Zhang, MS; Dominic Raj, MD; Lee Hamm, MD; for the
CRIC (Chronic Renal Insufficiency Cohort) Investigators*

Hemoglobin, mean (D), g/dL | 136 (1.5 | 130 (17) | 123 (16) | 117 (1.7 | <0.001

Anemia is common among patients with CKD and is
associated with increased risk of CVD in this population.'?*°
In addition, anemia is frequent among patients with heart
failure and is associated with adverse outcomes and high
mortality among these 1::.;;1th'a-nts.2‘:| Our study indicated that
baseline anemia is a significant and independent risk factor
for subselquent risk of heart failure among patients with CKD.
Furthermore, there is an inverse association between blood
hemoglobin level and incidence of heart failure. However,



Pokyc B 2017 ropny:

* LleneBoun ypoBeHb remornobmHa n BO3MOXHOCTU €ro
nHamMBMayanusaumm

* TeHOeHUUn B ne4YeHN aHeMmn B Mmpe

« OnTumMmnsaumsa gmannsHou NnporpaMmmbl U CBA3aHHbLIX C
Onann3om akTopoB Mpu KOppeKLMN aHEMNU

e CHumxeHue go3bl ICC y HOH pecnoHaepoB, NpekpalleHne
ackanauumn gosbl IO cebiwe 100% oT nepBoHa4anbLHOW

e YBenndyeHme ncnonb3oBaHnsa B/B Xene3a. HoBble cnocoObl
OOCTaBKU Xenesa

* PesynbTaThl nevyeHua B knnHukax b. bpayH ABUTYM

* IHrmoutopsbl nponun rugpanassl HIF
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KDIGO 2012
Clinical Practice Guideline for Anemia in Chronic
Kidney Disease

e [Ipu HeoOXOAUMMOCTH NevyeHrna aHemmnu cHadana Fe, satem 3CIT
— banaHc addekT/puckn
— @eppuTtuH <500; TSAT<30%

e 3CI C OCTOPOMKHOCTLI NPKY HOBOOOpasoeauMax 1 OHMK

e lleneson Hb

— WM3beratb < r/n

NepHueate 90-11

o Wuamemayanusauma (KH)
e W3Derate ObLICTPOro HapaulMeaHua no3 3CI

Beibop 3CIM
3¢ PeKTUBHOCTb
besonacHoOCTb
YaobcTBO NpUMEHEeHUA
CtoMmocTb




JCC BO3A4EUCTBYHOT He TONILKO Ha 3pUTPONOI3

High EPO levels

Tvsmc [_Cai"]i VSMC proliferation ;
1 RAS activation EC prokiombion 1 Platelet production

TETA Angiogenesis 1 Platelet activity
4+ Thromboxane 1 E selectin

4 Prostacyclin 1 P selectin
1 ADMA T VWF
+ 1 PAI1

4 NO

Blood access stenosis
Proliferative retinopathy

Vascular remodelin
Hypertension g Thrombosis
Tumour growth

Vaziri ND & Zhou X. Nephrol Dial Transplant 2009; 24: 1082-1088.




Poccunckmne HaumoHarnbHble peKOMeHaauumu:
LerieBo ypoBeHb remMorrioomHa

PekoMmeHaauuu

Leneeou ypoeeHb 2emozsiobuHa Onsi ecex nayueHmoe ¢ XbIl pekomeHOoeaH 8
duana3oHe 10-12 2/0n.

lMpubnuxambcsi K eepxHelU 2paHUye PeKoMeHO08aHO:
* Yy nayueHmMoe HU3K020 puckKa (Mos100biX, OMHOCUMEesIbHO COXPaHHbIX),

* rayueHmoe cO cmeHokapoueu u Opyaumu nposieneHusmu UBC, y Komopbix
CHUW)XeHue YpOoe8Hs1 2eMo2s106uHa npueodum K yCUJIeHUK CUMITMOMO8 uwemMuu

* nauyueHmoe, OeMOHCMPUPYWUX yayYuweHUe Kadecmea JXU3Hu rnpu 6osiee 8bICOKUX
3HaYeHUsIx 2eMo2s106uUHa.

Y nayueHmoe 8bICOKO20 pucKa, OCOb6eHHO O60/IbHbIX C caxapHbiM OJduabemom,
3/10Ka4ecmeeHHbIMU HO8006pa3o8aHUsIMU, UHCYJIbMOM, HEUWEeMUYECKUM rMopa>keHUem
cepdua, mshKesbIM MOopaxeHueM rnepughepuvdeckKkux ¢cocydoe, OCJI0KHEHHbIM
cocyoucmbiM docmyrnoM U Hedocmamo4YHbLIM OmMmeemoM Ha mepanuro, MpPUMEeHsIMb
CC3 cnedyem ocmopoxHocmbro. Y makux 60s5ibHbIX ypO8eHb 2eM0o2s/106uHa OOJIKeH
npubnu)xambcs K HUXKHel 2paHuue yesieeo20 duarna3oHa.

Y ecex e3pocribix nayueHmoe He peKoMeHAo8aHo npumeHsimb CCQ O yMbIWII€HHO20
noebIWeHUs1 ypoB8Hs1 2emoasiobuHa >12 2/0n



YpoBeHb remornob6uHa, CLWA, 2017 paHHblie DOPPS
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categories

Weekly |V epoetin dose received (30 day average)

National sample
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HepenbHble ao3bl 30, 2017

Weekly IV epoetin dose prescribed (3 month average),
continuous
National sample

Overall
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Values for each month reflect average weelkly dose prescribed, cumulated over months treated during
prior three months (minimum 2 months-restncted to 1,000-400,000 U/mo)
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Temporal trends in prescribed ESA dose and Hb
level among patients managed with ESAs

(A) Prescribed ESA dose (B) Hemoglobin level among ESA-treated patients
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DOPPS 5 (2012, 2013).
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Fuller et al. J Am Soc Nephrol, 2016,27(7):2205-2215.



ESA Dose Trends
August 2010 to April 2013

« Mean (median) prescribed ESA dose in a 3-month period (Figure 2A, Table 2):
US black: Decreased from 19,865 (14,250)to 13,834 (8,655) units/wk
— US non-black: Decreased from 18,392 (12,467) to 11,046 (7,311) units/wk
— Europe: Decreased from 9,272 (7,500) to 8,216 (6,249) units/wk
— Japan: Increased from 5,171 (3,933) to 5,848 (5,000) units/wk

« Seasonality—adjusted relative differences:
— US black: -40.4% (95% Cl, -50.6 to -28.0)
— US non-black: -38.0% (95% ClI, -44.9 to -30.2)
— Europe: 26.4% (95% CI, -17.7 t0 6.5)
— Japan: 19.4% (95% CI, 5.9 to 34.7)

— Results were similar in analyses restricted to iv epoetin alfa doses, analyses expressing ESA
dose/Hb or dose/kg (Figure 2B), and in analyses using alternate ESA dose conversion ratios.

»  Adjusted differences in prescribed ESA dose scaled by pre-dialysis body weight
compared with US non-black patients (Table 3, scaled by pre-dialysis body weight):

— US black: Increased from 2% to 17%
— Europe: Declined from -41% to -11%
— Japan: Declined from -60% to -18%

— Differences were slightly larger in unscaled analyses and analyses expressing ESA dose/Hb.

D@PPS Fuller et al. J Am Soc Nephrol. 2016:27(7):2205-2215.



Iron Prescription Trends
August 2010 to April 2013

* % of patients prescribed iv iron in a 3-month period (Figure

2D):
— Europe: Increased from 75.4% to 75.8%
— Japan: Increased from 36.3% to 40.7%

— US black: Increased from 73.5% to 82.9%
— US nonblack: Increased from 72.0% to 82.1%

« Seasonality—adjusted total absolute differences:

— Europe: -1.1% (95% CI, -4.5 10 2.2)
— Japan: 7.9% (95% ClI, -2.2 to 18.0)
— US black: 7.4% (95% CI, 1.4 to 13.3)
— US nonblack: 10.7% (95% CI, -1.6 to 22.9)

« Median monthly iv iron doses (among treated patients) in the
US remained stable during this period (~50 mg/wk), and oral
iron use was <5% in all regions (not shown).

D@PPS Fuller et al. J Am Soc Nephrol, 2016:27(7):2205-2215.



Figure 1

Distribution of facility % of patients with hemoglobin <9 g/dL,

by region
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Zuo et al. Blood Purif 42(1): 33-43, 2016



Figure 2a

Median EPO dose, by Hgb category and region

Median EPO dose (x1000 units/week)
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* Restricted to patients prescribed EPQ. Subcutaneous doses converted to IV dose by 1.15:1, Whiskers extend from the 10th i the 9h
percentile, In Morth Amenca, the 80th percentiles of EPO dose are 84,000 for hgb <9 gidL and 82,500 for 8-<10 g/dL.

D@PPS Zuo et al. Blood Purif42(1): 33-43, 2016




Figure 2b

Percent of patients on IV iron, by Hgb category and region
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Figure 3
Distribution of patient Hgb, by frequency of measuring ;

Hgb in China DOPPS facilities
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YpoBeHb reMornodounHa, ueHtpbl AButym B P® 04.2017

CpegHun HB = 10,93 Bapwauwun ot 10,0 go 11,65
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Hemoglobin (g/dl) — Mean and standard deviation
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Hemoglobin (g/dl) — Mean and stadard deviation
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EPO resistance (EPO in IU/kg/week /| mean
Hemoglobin value)

(2015 vs 2016)
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PaKTOopbl PE3UCTEHTHOCTU K TepanMu aHeMuwu
y 6onbHbIX ¢ XBI n ux npeoaonumocTb

AOCONIOTHLIN
aeduuunT XKenesa
Oeduunt But B12
n/vnn chonmneBown
KUCNOTbI
NMpumeHeHne BAIN® un
BPA
HekomMnrnaeHTHOCTb

lemornoobuHonaTtum
KocTHOMO3roBblie
HapyLweHus

UHdekumnsi/BocnaneH
ne

HeagekBaTHbIN
avanus

femonus
KpoBonotepu
'MnepnapaTtnpeos
Bbicokue ypoBHM LD
3rioKa4yecTBeHHoOe
HOBOOOpa3oBaHMue
PRCA

HapyweHue nutaHusA
Hanuuwue LUBK (B.10.)

Kidney Disease: Improving Global Outcomes (KDIGO) Anemia Work Group. Kidney Inter Suppl 2012;2:279-335



JINMUTUPOBAHHbLIN Fe2+ 3pnTponoss

X 45 - Anephric 1000 mg
-‘"':“ 35 IV Iron Dextran
S 200 mL
© 25 RBCs
=
)
L 15 1
,Fm_’. X 6.0 -
2T 4.0 -
g3
59 20 -
2 5
nd:, 0 0 1 1 1 1 1 1 1 1 1 ]
12 -8 -4 0 +4 +8 +12 +16 +20 +24
Weeks
rHUEPO 50 U/kg 3 x/wk — |
% Saturation 52 13 26
Ferritin 885 578 1036

Esbach JW N. England Med. J. 2007



LleneBble 3Ha4YeHUA NapamMeTpoB XKere3a

PekomeHpauum

MapameTp OnTumanbHO donyctnmo
o Depputun [Mkg/l] 200-500 100-800

¢ HacbiweHune TpaHcdeppuHa [%] 30 20-50

¢ Yucno rmunoxpomMHbIX apuTpoumnToB < 2.5 <10
[%]



‘ Infection-related mortality

de Dialysis Registry

Z|
£ |
£
O |
S
c
O ]
- =
© |
2 m_
D 2
N
O =
C <«
e
Q.
©
=

¢ ¥ & & - o
[24] Ayjepow pajejai-uoiosju|

i

[=6] Anjeriow AD

i

a}u b__mtn.E asnes-||y

191,902)

(n

All patients

T T T T T 1 T T T T T 1
w - Lor] o — (=] uw =+ Lo ] ™ bl (=]

[%] Aniepow pajejas-uopoajul  [%] Ajjenow pajejal-uoposul

ptgu "EF

S g D

o
n°

mnnlll

r T
en -.D

[%] Ay ow >u .E b__mtoE >u

4

unmnl

T
5 =1 uy

=
o o
[%] ._:__EEE BsnEs-||y ?ﬂ &__EEE asnes-||y
W o0
.1 —
(¥}
— W.. 3 4
. [ 3
L g N I~
et [41] w D ]
Q W =i o m
T I |
£ £

&y

5
o
s
o
<%
G, -
@
,m,,
%,
“
%,
F
%, o
1
p..m.n... &,
b
&
o
&y,
<& %
<o
£,
o “a
=, ‘.
..m.

Py
ik



Iron Deficiency is Common in CKD 3, 4, and 5.
Iron Parameters in Anemic CKD Stage 4-5 pts
naive to IV Iron and ESA

Baseline Data Median Interquartile
N=100 Range (IQR)

Ferritin (ng/ml) 176 79 — 300 ng/ml

TSAT (%) 23% 13 —30 %

48% of patients had no stainable Iron in their Bone Marrow
IV iron response seen in 63% of iron-deplete and 30% of iron-replete pts.
No Ferritin or TSAT cut-off could predicted the response to IV iron.

A lot of CKD patients become iron deficient, likely
due to chronically elevated Hepcidin levels

Stancu et al. CJASN 2010 Pfeffer et al. NEJM 2009




BHyTpuBEHHOE *Kene3o ymeHblaeT NnoTpebHOCTb B
2110 Ha ananuse n npu XbI1 3-4

Clinical Studies
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Bhandari et al J Clinical Pharm and Therap 1998 Sunder-Plassmann, Hérl, Clin Nephrol 1997
. Biesenbach et al., Nieren und Hochdruckkrankheiten 2002
Bhandari et al Haematology 1998 Chang o al.. Clin Nephrof 2002
Mitsuika et al., Clin Exp Nephrol 2001

Kato et al., Nephron 2001



[lpenapaTbl BHYTPMBEHHOIO Xerie3a

MNMpenapartbl XXenesa KoHu,. Coga. Makc. Bpems TectoBaa po3a
enesa |amnynbl |Ao03a BBeAEeHUA
(mr/mn) | (Mn) (mr) MaKC. ,03bl
’enesa caxapar: 20 5 500 4 _
seHogep*
NuKgpep* 20 5 500 3,5 +
apzecpep * (7 mr/kr)
Xenesa lll rmgpokeng, 50 2-10 1000 0,25 _
NOZIMMANIbTO3HOrO KOMMJIEKCA (15 mr/kr) (15 mun)
(bepuHrcekm)*
HusKkomoneKkynapHbii 50 2 >1000/p0 3r 4-6 +
AEKCTPaH Xenesa (20Mmr/kr)
(kocmodgpep)*
HaHo4yacTuubl OKCHMAaA Kenesa, 30 1 510 ~ 20 ceK _
MoKpbITble NONYCUHT. (7 mr/kr)
yrnesogom (gpepymoKkcumon)
Komnnekc 100 1-10 >1000 1 _
¥Kene3o-u3omanbrosup, (20Mmr/kr)

(moHogpep)*




Kak paboTtaeTt B/B xene3o Ha 1?7

IV iron fills RES more; partially

High Hepcidin
G bypasses blockade of Iron release Impairs Gl iron
losses Reticuloendothelial stores absorption
>6 mg/da | | 800 mg| |
g (Avg ferritin = 150 ng/mL) / i
\ |
Tissue TraT :fjrrln g._l?ls:g:’t;g;
25 200 mg 3 mg = 100 pg/% (33% sat)
mg/day \
Erythroid marrow | | Lols .
25 mg/day | 1 mg/day

Red blood cells
2500 mg

Adapted from Bothwell et al. lron Metabolism in Man. 2nd ed. 1979.



BbicOKMe A03bl XXene3a NoOBbIWAaT PUCKU

Infection Risk

High (=200 mg/mo.) vs. low dose iron (reference)

Unadjusted HR

Adjusted HR

Adjusted RD/1000
person-yr

Hospitalized for

Infection Death
1.37 1.43
(1.33to 1.40) (1.32 to 1.55)
1.05 1.08
(1.02 to 1.07) (0.99to 1.19)
12.1 1.2
(5.7 to 18.8) (-0.74 to 2.8)

Brookhart MA, et al

Infection-Related

Infection-Related
Hospitalization
or Death
1.37
(1.34 to 1.40)

1.05
(1.02 to 1.08)

13.0
(6.2 to 19.5)

CJASN 2013; 24:1151



Bbicokue A03bl Xene3a NoBbILWAKoT PUCKHA

Cardiovascular Risk

Bolus vs. maintenance iron (reference) —
cardiovascular outcomes (same cohort as before)

Myocardial Stroke CV Death Composite
Infarction

(n=6,078) (n=8,618) (n=12,5384) (n=25,350)

Unadjusted HR 1.14 1.27 1.37 1.30
(1.06,1.23) (1.19,1.35) (1.30,1.44) (1.25,1.34)

Adjusted HR 0.93 1.05 1.02 1.03
(0.90,1.06) (0.98,1.12) (0.96,1.07) (0.99,1.07)

Adjusted -0.82 25 0.90 3.7
RD/1000 (-3.9, 2.2) (-1.6, 6.2) (-3.2.47) (-2.4 9.9)

person-yr

Kshirsagar AV et al. PLoS ONE 8(11): e78930



Monthly IV iron dose received (90 day average), continuous
by Dialysis Organization (DO) Size

Large/medium DO 10+ units)
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Values for each month reflect actual dose deliverad over last 90 days

Facility sample transitioned from DOPPS 4 to & in Jan-Apr 2012 {see "Study Sample and Methods®).
Facility sample transitioned from DOPPS 5 to 6 in Mar-Jul 2015 (see "Study Sample and Methods").
Source: US-DOPPS Practice Monitor, Apnl 2016; http://www.dopps.org/DPM




Understanding the Recent Increase in Ferritin Levels in
United States Dialysis Patients: Potential Impact of
Changes in Intravenous Iron and Erythropoiesis-
Stimulating Agent Dosing

Angelo Karaboyas, * Jarcy Zee,* Hal Morgenstern, *'* Jacqueline G. Nolen,® Raymond Hakim ! Kamyar Kalantar-Zadeh, ¥
Philip Zager, ** Ronald L. Pisoni,* Friedrich K. Port,* and Bruce M. Robinson*'™"

T

Mean IV iron dose (mg/mo)  Mean ferritin (ng/mL) Our study demonstrates a rise and sustained elevated
350 1,000 level of mean ferritin in the United States not observed in
100  Ferritin 200 the pre-bundle ESA era. However, increased mean IV iron
s iy ™. e doses were observed only in Q4 2010 through Q4 2011
250 _.L_._.-" t‘-,__‘ before returning to prior levels, while ferritin levels
P Joar® N . e remained high through the end of the study (Q3 2013).
200 Lot on dosa | @00 The subset of dialysis facilities that had no increase or a
] | . | | i decrease in IV iron dosing is informative because reduced
2000 2010 2011 2012 2013 ES5A dose (and consequently reduced hemoglobin levels)
appeared to be an important determinant of the rise in
T2 ferritin in these facilities. Overall, these results indicate that
Moan NRA dise fwnliaint) Mean Hgb (g/dL)  the sustained high ferritin levels after 2011 do not reflect TV
- e iron doses that were higher than previously administered,
18000 (¥ sz . Hgb 15 but rather the decreased need for iron due to reduced
s S erythropoiesis and lower hemoglobin levels. Approxi-
14,000 --._. hay -t o . 11.0
10,000 | GoAdoss™w. | . .}1os
6,000 10.0 Clin } Am Soc Nephrol 10: 1814-1821, October, 2015

2009 2010 201 2012 201§



MpoTBOpeuns B nevyeHmun gecdumuunTta xenesa

npu XbI1 —-KkoHCeHCcycHaA KoHdepeHUUs
March 27-30, 2014, San Francisco
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Coyne (US) Dan Jankowska (PL) |[Ewa McMahon (AU) Lawrence Castells (US) Mariana
Fishbane (US) Steve Locatelli (IT) Francesco Mikhail (UK} Ashraf Demoly (FR) Pascal
Ganz (US) Tomas Malyszko (PL) |Jolanta Nemeth (US) Elizabeta Kalra (UK) Philip
Hershko (IL) Chiam Slotki (IL) ltzchak {lan) |Parfrey (CA) Patrick Levin (CA) Adeera
Kalantar-Zadeh (US) |Kam Toblli (AR) lorge Pecoits-Filho (BR) |Roberto Ring (DE) Johannes
Roger (AU) Simon Vaziri (US) Nick Tentori (US) Francesca Rottembourg [FR) |Jacques
Rostoker (FR) Guy Wheeler (UK) |David Wiecek (PL) Andrzej Spinowitz (US) Bruce
Singh (US) Ajay Winkelmayer (US) |Wolfgang C.




[MpoTnBOpeEUYMa B nedyeHUn gedunuunTa xernesa npu
XbI1 - 3aknoyeHue

1. While there are potential risks associated with iron therapy,
appropriate use of iron to treat iron deficiency can help
minimise these risks and result in benefits for patients.

2. The benefits of iron therapy outweigh the risks.

3. Preliminary consensus from the controversies conference
suggests there is not sufficient new information that requires
updating the current KDIGO anemia management guideline.

4. The conference reinforced the importance of clinicians using
the guidelines in clinical practice. KDIGO guidelines still valid.




Soluble Ferric Pyrophosphate
(SFP) Fe,(P,0,),

> An Iron Salt; MW ~1300, does not
contain carbohydrate moieties

» Very soluble in water, bicarbonate
concentrate, and dialysate.

» SFP iron is very tightly complexed,
and therefore unlikely to release free
iron

> In vitro and in vivo studies iron from

SFP is rapidly transferred to human
apo-transferrin

> Pyrophosphate may be beneficial; it
is an inhibitor of vascular
calcification
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1.

Dialysate Mixing

The bicarbonate concentrate is made fresh
daily

FPP concentrate is added to the Bicarbonate
concentrate to yield a final dialysate
concentration of 2 microMolar (110mcg/L)

Bicarb jugs are drawn off prior to addition of
FPP for the handful of pts not needing
maintenance iron

Proportioner

Acid Bicarb
Concentrate Concentrate
(Na, K, Cl,

Ca, Mg, NaCO, .
Glucose (al?me}u D | alyS ate




CRUISE 1 and 2 Trials were Identical Ph3 trials each
randomizing ~300 patients to FPP or placebo

FPP in RED

Hemoglobin
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ishbane, S. et al. CRUISE Trial results poster 2014.



docoaT-O0MHOepbI HA OCHOBE COJIEN
Xenesa

Iron-based Phosphate Binders

SucroFerric Oxyhydroxide (Velphoro)

Ferric Citrate (Zerenex)
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SA-PO1007

Prevalence and Dosing Patterns of ESAs Used in 9 European Countries:
DOPPS Douglas S. Fuller.! Bruce M. Robinson.! Boris Bikbov.?

Francesco Locatelli.? Ronald L. Pisomi.! L4rb Res Collab Hith, Ann Arbor, MI:
‘Moscow St. Univ of Med and Dent, Moscow, Russian Federation, °A. Manzoni
Hosp, Lecco, Italy.

Background: CEF A (methoxy polyethylene glycol-epoetin beta). darbepoetin
alfa (DA). and epoetin beta (EB) are erythropoiesis-stimulating agent (ESA) altematives
to epoetin alfa (EA) commonly used in Europe. CEE_A. 1s now available in the US5;
availability of EA biosimilars 1s anticipated in coming vears.

Methods: We prowvide prevalence and dosing patterns for CER A . DA EB. and EA
using weighted analyses of data from 9 European countries (Belgium. France, Germany,
Ttaly. Russia. Spain. Sweden, Turkey, UK 167 facilities (fac); 4230 pts) in the Dialysis
Outcomes and Practice Patterns Study (DOPPS) phase 5 (2012-2013).

Results: Overall prevalence was 8% CER.A.. 35% DA, 9 The
% of facs using C_E R A ranged from 20% (UK) to 58% (Fra); for DA: 30% (Rus) Fn 87%
(Tur); for EB: 15% (UK) to 53% (Ita/Tur); for EA: 17% (Fra) 1o 86%: ~Imfacs using
C.EF A median % ESA-treated pts using C ER A was 13% [IQR=6-38%_ mean=28%]:
for DA: 43% [IQR=17-85%. mean=49%]; for EB: 33% [IQR=15-90%. mean=47%]; for
EA:- 48% [IQR=26-89%. mean=54%] Common C E R A dosing frequencies were 1x/
mo (81%) and 2x/mo (12%); for DA: Ix/wk (66%) and 2x/mo (22%); for EB/EA: 3x/
wk (39%). 2x/wk (27%). and 1x/wk (30%). Median dose for CER A was 109 mcg/mo
[IQE=69-162, mean=157]; for DA: 121 mcg/mo [[QF=64-211. mean=171]; for EB: 5.6
kwwk (IV. 57%) and 5.1 knw'wk (5C); for EA: 5 8 kn/wk (IV. 81%) and 4.2 ku'wk (SC).
Achieved mean hemoglobin (Hb) levels were simular (11.1-11.2 g/dl) among pts prescrnibed
CEFA DA EB. orEA




OpanbdoH® 2500 ME HoBas =

[03UPOBKa

2600 ME n-winissss & ingesian nn 028 ki & yorpsis s ssmpriud s

ApanboH’

3noatuH ankpa
PacrEap e By TR
POEORHOG AR EE

JHogaede

1M

MNMpenapat ApanbdpoH nmeert
KomMmc¢opTHYO hopMy BbiNyCcKa, 4YTO
Nno3BOJISeT LWUMPOKO Ha3HaYvaTb ero
nauMeHTam c aHeMuemn Ha
aoauanu3Hou ctaguu.

onTMManbHag gosa ans
nogaepXxueatoLlen Tepanun y
oonbWMHCTBA DOMNbHbIX

pelleHne npobnemsbl
HeddPEKTUBHOCTH
bonee HN3KOW OO03NPOBKK

MEHbLLUUN 0O6beM pacTBopa —
(0,5 mn vs 0,25 mn) — ny4ywagd
NepeHOCUMOCTb M/K UHBbEKLUN
nauneHToM

YBEPEHHOCTb B Ka4eCTBE

3aluuTta nepcoHana ot TpaBMm npu
BbINONMHEHUN UHBEKLUIA



TpeboBaHUA K ONTUMANbHOMY 3PUTPONOI3-
CTUMYNMpPYIOLEMY npenapary

Bbicokas agodpeKTUBHOCTb

Yno6CTBO 1 BO3MOXHOCTb PasnunyHbIX NyTen BBegeHns 6es
nepepacyera 403bl

O PeKTMBHOCTL Ha Nobon pase neyeHusd

O dekTMBHOCTL B ntodon ctagmn Xbl'l

O PEKTNBHOCTbL HE3ABUCUMO OT aHaMHe3a npumMmeHeHnst CI T
Bo3MOXHOCTb nepeBoaa Ha AaHHbIv npenapat ¢ gpyroro ICI1
SdbdeKkTnMBHOCTL NMpu nodom BapmaHte 31T

PasymHoe yBennyeHune AnMTenbHOCTU AeNCTBUS Npu
BO3MOXXHOCTW KOPPEKLINKN OO3bl

CpaBHI/ITeJ'IbHOG CHU>XeHune Oo3bl
CpaBHVITeJ'IbHO HU3KaA aHTUTEHHOCTb

OKOHOMUYHOCTb



Ha3BaHWe nccnegoBaHUA

OTKpbITOE PAaHAOMU3UPOBAHHOE KOHTPO/IMPYEMOE MHOIOLLEHTPOBOE
nccnegosaHme 3 $pasbl No cpaBHEHUO 3PPEKTUBHOCTM, Be30NacHOCTU U
NepeHOCUMOCTU BHYTPUBEHHOTO (2-3 pa3a B HeZe o) U NoAKOXKHOro (pas
B ABe Heaenun) BBeeHuA npenaparta dpanbdoH’ B 3KBMBANEHTHbIX A03aX
40-80 ME Ha 1 Kr maccbl Tena B Hegento, B noaaepxusatolyto pasy
KOPpPeKUNUN aHEMUM Y NALMEHTOB C XPOHUYECKOWN NOYEYHOM

HeJ0CTaTOYHOCTbIO, HaXoAALMXCA Ha NPOrPaMMHOM remoamnanmnse n/mnm
remoamadpuabTpaLmn



334341 nccnenoBaHUA

MpoBecTn oueHKy aphekTUBHOCTM Tepanumn dpanbdoHom® B rpynnax
BHyTpuBEHHOro (Mpynna 1) u nogkoxHoro (Ipynna 2) BBeaeHust npenapara y
NauNEHTOB C XPOHMYECKOW NOYEYHOMN aHEMUEN, NOSyYaloWmMX remognanms n/mnm
remoguadouneTpaumio;

[MpoBeCcTn cpaBHUTENBHYIO OLIEHKY 3dEKTUBHOCTM B ABYX rpynnax repannu
ApanbdoHom®: BHyTpMBeHHOro (Mpynna 1) n nogkoxHoro (Mpynna 2) BBegeHUs
npenapara y nayueHToB C XPOHUYECKOW MOYeYHOW aHeMMEN, MOony4varLLnx
remoananus n/vinu remognadunstTpawmio;

OueHUTb HeoBXOAUMOCTb U3MEHEHUS [03MPOBKKN Npenaparta dpanbdoH®,
a(pdeKTMBHOM B ABYX rpynnax NpUMeHEHNSa AN nogaepXaHus LeneBoro ypoBHS
remornobuHa, nNpu NoaKoXXHOM Y BHYTPUBEHHOM BBeAeHUn dpanbdoHa®;

OueHnTb 6e3onacHoOCTb NpuMeHeHUs ApanbdoHa® B rpynnax BHYTPUBEHHOIO
(Mpynna 1) n nogkoxHoro (pynna 2) BBegeHns npenapara y nauneHToB C
XPOHUYECKOW MOYEYHOMN aHEMMEN, NOSyYatoLWnX remoananns n/mnm
remoguadouneTpauuio;

OueHnTb NepeHocuMocTb dpanbdoHa® B rpynnax BHyTpuBeHHoro (Mpynna 1) u
nogkoxHoro (Mpynna 2) BBegeHNA npenapara y naumMeHToB ¢ XPOHNUYECKOW NoYeYHON
aHeMuMen, nosny4varLwmx remogmanms n/nnmn remognacounstTpaumio;

OueHnTb KayecCTBO XU3HN BosbHbIX B rpynnax BHyTpuBeHHoro (Mpynna 1) u
nogkoxHoro (Mpynna 2) BBegeHNA npenapara y naumMeHToB ¢ XPOHNUYECKOW NoYeYHON
aHeMuen, nony4varwmx remogmanna u/ n/mnu remogmnaounsTpaumio.



Cxema nccaenosaHuA




[IMHaMMKa ypoBHSA remornobuHa (r/an) Ha BUSUTaX CKPUHUHTA,
4 n 9 B rpynnax nccnenoBaHun




[lo3a dpanbdoHa (B ME/Kr/Hen) B neyebHbIx rpynnax

fpynnbl 3a Becb nepuog, Hauvano neyeHwus OKOH4YaHue
neyeHusn Mo NeyeHusn
Mo Mo
Bca BbibOpKa 86.2 + 33.27 66.5+ 16.8 94.1 £55.49
1 rpynna 85.51+34.7 72.7* 18.6 101.5+59.2

2 rpynna 86.9 £ 32.2 60.5+12.4 94.6 + 52.2



BbiBOAbI

Pasnnuum 8 KOHTPONe aHemumn (yposHe remornobumHa) B uccneayemoix
rpynnax He BbiABAEHO

YacToTa KoppeKuuii 403bl npenaparta gaa nognep>KaHua uenesbix
3HauyeHuii remornobuHa B rpynnax He passiMyanacb

[o3a dpanbdoHa B npoLecce nccneaoBaHusa 4OCTOBEPHO HE U3SMEHUAACh,
XOTA MMena TeHAEHLUMUIO K NOBbIWeHUIo B 06eunx rpynnax

KauecTtBo X13HM 60/1IbHbIX Ha NPOTAXKEHUUN UCCNe[0BAHUA 4OCTOBEPHO He
U3MeHMNOoCb B 06eunx rpynnax

YacToTa HeXXenaTtenbHbIX ABIEHUWN He Pa3ninyvyanacb B uccneayemblix rpynnax

MpumeHeHue npenaparta IpanbdoH B noaaepKusatowyio Gpasy KoppeKkuum
aHeMMUMn Y NaLUEeHTOB C XPOHMUYECKOM NOYEeYHOI HeA0CTaTOYHOCTbIO,
HaXoAALWMXCA Ha NPOorpaMMHOM remoaunanuse u/mnm remognadunbrpauum
C 0aMHaKoBoM 3¢ PEeKTUBHOCTBIO MOXKET NPUMEHATLCA KaK B CTaHAaPTHOM
pexxume (3 p/Hepq B/B), TaK u n/K c uHTepsasnom 1 p/2 Hep.
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Review

Current and future chemical therapies for treating
anaemia iIn chronic Kidney disease

Francesco Locatelli ¥, Lucia Del Vecchio & Maria Carmen Luise

Received 07 Now 2016, Accepted 24 Apr 2017, Accepted author version posted online: 26 Apr 2017

Expert opinion: Several medical needs are unmet with ESA. HIF stabilisers are the most appealing drugs
undergoing clinical development. They expose patients to lower levels of EPO than ESA, possibly reducing
unintended effects. Their long-term safety is still to be demonstrated. One new iron-containing phosphate
binders has the potential of combining two indications: hyperphosphoremia and iron deficiency, possibly

improving compliance.



UHrmountopbl nponunruapanasbl HIF

PHI Compania farmaceutica Denominacion
AKB6543 Akebia Vadadustat
GSK1278863 GSK Daprodustat
BAY 85-3934 Bayer Molidustat

FG4592 FibroGen Roxadustat



AJKD

Original Investigation

Roxadustat (FG-4592) Versus Epoetin Alfa for Anemia in Patients @
Receiving Maintenance Hemodialysis: A Phase 2, Randomized,
6- to 19-Week, Open-Label, Active-Comparator, Dose-Ranging,

Safety and Exploratory Efficacy Study

Robert Provenzano, MD," Anatole Besarab, MD,” Steven Wright, MD,”
Sohan Dua, MD,* Steven Zeig, MD,” Peter Nguyen, MD,° Lona Poole, MD,*
Khalil G. Saikali, PhD, Exec MBA, Gopal Saha, MBBS,*
Stefan Hemmerich, PhD, RAC,” Lynda Szczech, MD, MSCE,” K.H. Peony Yu, MD,>*
and Thomas B. Neff, MD (hc)**

Results: Baseline epoetin alfa doses were 138.3 = 51.3 (SD) and 136.3 + 47.7 Ukg/wk in part 1 and
152.8 = 80.6 and 173.4 = 83.7 U/kg/wk in part 2, in individuals randomly assigned to roxadustat and epoetin alfa,
respectively. Hb level responder rates in part 1 were 79% in pooled roxadustat 1.5 to 2.0 mg/kg compared to 33%
in the epoetin alfa control arm (P = 0.03). Hepcidin level reduction was greater at roxadustat 2.0 mg/kg versus
epoetin alfa (P < 0.05). In part 2, the average roxadustat dose requirement for Hb level maintenance was
~1.7 mg/kg. The least-squares-mean AHb in roxadustat-treated individuals was comparable to that in epoetin
alfa—treated individuals (about —0.5g/dL) and the least-squares-mean difference in AHb between both
treatment arms was —0.03 (95% Cl, —0.39 to 0.33) g/dL (mixed effect model-repeated measure). Roxadustat
significantly reduced mean total cholesterol levels, not observed with epoetin alfa. No safety concems were raised.

Limitations: Short treatment duration and small sample size.

Conclusions: In this phase 2 study of anemia therapy in patients with end-stage renal disease on
maintenance hemodialysis therapy, roxadustat was well tolerated and effectively maintained Hb levels.

Am J Kidney Dis. 67(6):912-924. © 2016 The Authors. Published by Elsevier Inc. on behalf of the National
Kidney Foundation, Inc. This is an open access article under the CC BY-NC-ND license (htip://
creativecommons.org/licenses/by-nc-nd/4.0/).



FR-PO1142

Roxadustat for the Treatment of Chronic Kidney Disease-Associated Anemia
in Japanese Patients Not on Dialysis Tadao Akizawa.! Manabu Iwasaki.?
Tetsuro Otsuka.’ Michael Reusch.* Toshihiro Misumi.* !Showa Univ School
of Medicine, Tokyo, Japan; *Seikei Univ, Tokyo, Japan, *Astellas Pharma Inc.,
Tokyo, Japan, “Astellas Pharma Europe B.V., Leiden, Netherlands.

Background: Anemua 1s a complication of CKD. The purpose of this study was to
evaluate the efficacy and safety of ASP1317 (roxadustat) in Japanese non-dialysis anemic
CKD patients.

Methods: During the 1st 6 weeks of this phase 2. double-blind. 24-week study
(NCTO01964196). anemic Japanese patients with CKD were randomized to oral placebo
(PBO) or roxadustat (30, 70, or 100mg) 3x weekly (TIW). During weeks 6 to 24, dose
was adjusted to maintain hemoglobin (Hb) at 10—12 g/dL: patients who met pre-defined
criteria were re-randomized to roxadustat TTW or once weekly (QW). The primary end
point was rate of nise in Hb (AHb. g/dL/week) during the 1st 6 weeks: response rate over the
whole study and mean Hb and change 1n Hb from baseline (BL) at Weeks 18—24 were also
evaluated. Safety was assessed by adverse events (AEs). Data are presented as mean (SD).

Results: 107 patients were randomuzed to PBO (n=27) or roxadustat 50mg (n=27).
70mg (n=26). or 100mg (n=27). Hb (g/dL) at BL was 9.34 (0.66) for PBO, and 9.39 (0.39).
9 39 (0.60), and 9.36 (0.30) for roxadustat 50mg, /0mg. and 100mg, respectively. The
pnmary end pomt, AHb (g/dL/week). was —0.052 (0.142) for PBO and +0.200 (0.160),
+0.453 (0.256), and +0.570 (0.240) for roxadustat; differences from PBO for all roxadustat
doses were statistically significant (P=-0001 ) by the closed testing procedure. Response rate
was 14.8% for PBO and 93.8% for pooled roxadustat (n=81). Mean Hb at Weeks 1824
was 9.42 (0.84) for PBO and 10.48 (0.64). 10.72 (0.36), and 10.88 (0.66) for roxadustat;
change from BL in Hb was —0.17 (0.61) for PBO and +1.10(0.71). +1.33 (0.82). and +1.33
(0.88) for roxadustat. No major adverse cardiac events (1e. myocardial infarction, stroke,
death) occurred mn roxadustat-treated patients.

Conclusions: These data demonstrate a dose-dependent and significant correction of Hb
with roxadustat vs PBO. Roxadustat was well tolerated, which 1s consistent with previous
studies. These results support the phase 3 investigation of roxadustat for the treatment of
CEKD-associated anemia 1n patients not on dialvsis.

Funding: Pharmaceutical Company Support - Astellas Pharma Inc



Uurnountopsl HIF PH (PokcapycTar)

Moaenupyet rmnokcuyeckue ycnoeuga
[Tpnem BHYTpPL 3-7 pa3 B Hegenwo

AKTUBUPYET TPAHCMNOPTHbIE NMPOTEUHbI, @ TOM YMChe
TpaHcdEePPUH, CHUXKAET YPOBHM rencuaunHa

CHuxaeTt ypoBeHb XonecTtepuHa
AKTMBUpPYET OpYyrme YyBCTBUTENbHbIE K TMMNOKCUUN FEeHbI

TpebyoTca OoNroBpeMEHHbIE NCCIEOOBAHUSA MO
De3onacHOCTU

HaxoguTcAa Ha 3 dpa3se KIMMHUYECKUX NCccneaoBaHnm



CoTtaTepcenT — (pbIOXKH NPOTEUH

Sotatercept (ACE-011) 1s a recombinant fusion protein
composed of the extracellular domain of the human activin
receptor type LA (ActRITA) and the fragment crystallizable
(Fc) domaimn of the human immunoglobubin G1 antibody [7].
Animal models and in vitro human models using RAP-011,
the murine ortholog of sotatercept, have shown that
sotatercept improves RBC parameters by stimulation of late-
stage erythropoiesis [ 7]. This mechanism of action is marked-
Iy different from that of ESAs, which act on earlier stages of
erythroid development [7, 8]. Sotatercept 1s thought to act by

Obnactn npuMeHeHus:
*aHEMUSI XKEHLUNH B MeHOMNay3e,
*aHEMUS MPU XMMUOTEPANnK

* aHemusa npu XbIT



+ Sotatercept (ACE-011) is an ActRIIA-IgG1 fusion protein that promotes
erythropoiesis and the release of mature erythrocytes by neutralizing
or modulating various members of the TGF-f superfamily, including

activin A'2
+ Preliminary nonclinical studies using sotatercept's murine ortholog,
RAP-011, showed decreased renal interstitial fibrosis and proteinuria®

+ In patients with ESKD, sotatercept dose-dependently increased
hemoglobin and positively impacted CKD-MBD parameters (REN-001)*

» This presentation will describe the interim results from safety and
maintenance of hemoglobin with sotatercept, administered as an IV or
SC dose, from the phase 2 REN-002 study in patients with ESKD

ACIRIA-igG i =activin type It receplor-immunoglobulin G1; CKD-MBD=chronic kidney disease-mineral bone density, ESKD=end-5tage kidney

dsease; [V=intravenous, SC=subcutanaaus; TGF -f-transforming growth factor-bela.
1. iancu-Rubin G, et al Exp Hematol 2013;44:155-186. 2 Carancio S, et al. Br J Hasmalol. 2014,165:870-882 4. Agapova OA, etal. Kidney Int. 2016,
dot 0. 10164 kint 2018.02.002 [Epub ahead of pind]. 4 Havill J, et al. JAm Soc Nephro!l, 2015 26{Suppi):310A-311A. Abstract TH-POG38. 3




REN-001 Phase 2 Study in ESKD-HD

+ Subjects could receive up to 8 cycles of sotatercept dosed SC Q4W!

Subjects With <15% Progression
Subjects With Hb >1 g/dL in Abdominal Aorta Subjects With >2% Increase
Increase From Baseline Total Agatston Score in Femoral Neck Cortical BMD
100 - 100 - == 100 -
80 - 78% 80 - [ 75%
i | g "
| — — m |
3 401 : | S 40 - | 8 w0 Y
(7] L w ..: i w : :
| | 20% I .]
20 4 | 20 4 1 20 - l i
‘ I I ‘ IJ
| | 0% L)
D A ' 0 r - —
Placebo 0.3 Placebo 03 05 Placebo 03 05 07
mg/kg mfks mo'ku mg/kg mg/kg maﬂtn mg/kg mg/kg mg/kg
(m=11) (n=B) (n=8) (n=9) (=3) (n=5) (n=5) (n=5) (n=4) (n=5) (n=5) (n=4)

BMD=bone mineral density, ESKD-HD=end-stage kidney disease-hemodialysis.
1. Havill J, et al. Presented at: ASN Kidney Week 2015 Annual Meeting [poster TH-P0038]. 12




Conclusions/Next Steps

Sotatercept had an acceptable safety profile and was well
tolerated for up to eight 14-day dose cycles

+ Subjects given sotatercept SC 0.26 mg/kg were more likely to

maintain the target Hb level and less likely to require ESA/
transfusion

- |Intra-subject dose escalation group is under evaluation (ongoing)

In the US REN-001 study, sotatercept improved CKD-MBD
parameters

- Slowed progression of vascular calcification and increased cortical
bone mass'

Sotatercept is being considered for clinical development in
subjects with CKD not on dialysis

1. Havil J, et al J Am Soc Neghrol 201526(Sunc



