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OpIiouoGg avaipiag

 Avaigia €ival n KATaoTaon KOATA TNV OTroid
OVEUPIOKETAI EAATTWON TNG AINOOC@PAIPIVNG,
TOU JdIJOTOKPITN, N KOl TOU OpPIOuoU TWV
EpUBpwWYV, oTN povada Tou OYKOU TOU QidaTOG,
KATW O1TO TA (QUOIOAOYIKA Opld, yia TO @QUAO
Kal TNV NAIKia TOU aTOMOU
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KpiTapla avaiygiog

O1 "@UOIOAOYIKEG TINEG" ECOPTWVTAI ATTO .
— To @uUAO
— Tnv nAKia
— Tnv yewypa@ikn TTePIOXN
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HAIKia | @UAo Hb (g/dl) | Hb (mmol/l) | Hct
Mondid (5 pnvwyv — 5 eTwv) <11 <6.83 33%
Moudid (5-12 eTwv) <115 <7.14 34%
Naidia (12-15 eTwv) <12 <145 | 0%
Mn-€ykueg yuvaikeg (>15 eTwv) |+ <12 <745 1 36%
"EYKUEG YUVOIKES <] <683 33%
AvBpec (>15 £TaoV) A3 i <807 4 39%

World Health Organization. Worldwide prevalence of anaemia 1993-2005:
WHO global database on anaemia 2008. Available at
http://www.who.int/nutrition/publications/micronutrients/anaemia_iron_deficiency




WHO Classification of Anaemia

ITivokag L.
Katdragn me avoupiog avaioya (e ) Papdmrd me.

Zopapotng WHO (g/dl) NCI (g/d1)
Bafoc 0 (ovciol.) =11 ducloLoYIK)
Babpog 1 (nric) 9,5-10.9 10,0-guatoAoyik
Bafuoc 2 (uetpia) 8,.0-94 8,0-10.0
Bafoc 4 (copupd) 6.5-7.9 6.5-7.9
Baboc 5 (ometkntix)) <6.5 <6.5
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Avaigia Kal 210nNPOTTEVIKN Avalpiqj\(gﬁ
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H avaigia TTaykoodiwg cuvavtartal
o010 24.8% TOU YEVIKOU TTANOUCHOU,
EVW N O10NPOTTEVIA ATTOTEAEI TO
BaoikoTEPO aiTIO
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Table 3.2 Global anaemia prevalence and number of individuals affected

Population group ( Prevalence of anaemia Population affected
Percent 95% Cl Number (million) 95% Cl
Preschool-age children 474 45.7-49.1 293 283-303
School-age children 254 19.9-30.9 305 238-371
Pregnant women 41.8 39.9-43.8 b6 54-59
Non-pregnant women 30.2 28.7-31.6 468 446-491
Men 12.7 8.6-16.9 260 175-345
Elderly 239 18.3-29.4 164 126-202
Total population 24.8 22.9-26.7 1620 1500-1740
w

World Health Organization. Worldwide prevalence of anaemia 1993-2005:
WHO global database on anaemia 2008. Available at
http://www.who.int/nutrition/publications/micronutrients/anaemia_iron_deficiency



T1 ava@EPOUV TO CTOIXEI

via Tnv Avaipia otnv Eupwrn

Table 3.3 Anaemia prevalence and number of individuals affected in preschool-age children, pregnant women,
and non-pregnant women in each WHO region

WHO region Preschool-age children® Pregnant women Non-pregnant women
Prevalence # affected Prevalence # affected Prevalence # affected
(%) (millions) (%) (millions) (%) (millions)
Africa 67.6 83.5 a7.1 17.2 4175 69.9
(64.3-71.0) (79.4-81.6) (52.8-61.3) (15.9-18.5) (43.4-51.6) (63.9-75.9)
Americas 29.3 231 24.1 39 17.8 39.0
(26.8-31.9) (21.1-25.1) (17.3-30.8) (2.8-5.0) (12.9-22.7) (28.3-49.7)
South-East 65.5 1153 48.2 18.1 45.7 182.0
Asia (61.0-70.0) (107.3-123.2) (43.9-52.5) (16.4-19.7) (41.9-49.4) (166.9-197.1)
Europe 21.7 11.1 25.1 2.6 19.0 40.8
(15.4-28.0) (7.9-14.4) (18.6-31.6) (2.0-3.3) (14.7-23.3) (31.5-50.1)
Eastern 46.7 0.8 4472 i1 324 39.8
Mediterranean (42.2-51.2) (0.4-1.1) (38.2-50.3) (6.1-8.0) (29.2-35.6) (35.8-43.8)
Western 23.1 274 30.7 1.6 215 97.0
Pacific (21.9-24.4) (25.9-28.9) (28.8-32.7) (7.1-8.1) (20.8-22.2) (94.0-100.0)
Global 47.4 293.1 41.8 56.4 30.2 468.4
(45.7-49.1) (282.8-303.5) (39.9-43.8) (53.8-59.1) (28.7-31.6) (446.2-490.6)

* Population subgroups: Preschool-age children (0.00-4.99 yrs); Pregnant women (no age range defined); Non-pregnant women (15.00-49.99 yrs).

® 95% Confidence Intervals.
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Avaipia: KAIVIKEG EKONAWOEIS 4 &
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KaTtaBoAn
ZAAn
KegpaAaAyia

AlaTapaxec Tou UTTVOU
Yuxpa akpa

Avopecia \ .
ABUVaPia CUYKEVTPWONG | L‘

AicBnua TTaApwyv kal duoTrvoia
META ATTO PIKPN KOTTWON

KatdoAiyn




* [1pooBdaAAel TTepiTTOU TO 25% TOU TTANBUCOU O€
TTAYKOOMIO ETTITTEDO

* 'Exelr aueon oxéon PeE 1O BIOTIKO €TTITTEDO TOU TTANBUCOU
* H ouxvotnta 1nG €ival aucnuéEvn ota NAIKIWHWEVA ATOUO

e 25— 35 % TwvV TTaBOAOYIKWV £10AYWYWYV O€ VOOOKOMEIO
gival duvaTov va tTapouaialel avaiuia

e ATTOTEAEI OUOUEVN TTPOYVWOTIKO TTAPAYOVTA OTAV
OUVUTTAPXEI ME GAAQ vooruaTa

fppt.com



Avaiyia: Baoika onueia (2)

 H avaigia oTIC o TTOAAEC TTEPITITWOEIC £ival CUUTITWHA
UTTOKEINEVNG VOOOU Kal n BepatreuTikn TrapéuBacn 6a
TTPETTEI VA €XElI WS OTOXO TNV avATacn MEV TNC avaiuiog,
OAAO  OuyXpPOVWC TNV QAVTIMETWTTION TNG UTTOKEINEVNC
VOOOU, TTOU €ival O AITIOAOYIKOC TTOPAYOVTAC

 Ta oupmTwWUATa TTOIKIAOUV, KOBWC eCapTwvTal ATTO TNV
aITia TNG avaipiag, Tn ocoapotTnTa TNG, T0 XPOVO £vAPCNg
NG, KaBwg kal TR OuvaTtoTnTa TIPOCAPUOYAGC  TOU
opyaviouou oTa XapnAa e1Titreda

fppt.com



O oidnpog gival KABOPIOTIKOG OTN
Ol100IKaoia TNG EpuBpoTTOIiNONG

About 3-4 days \ \\.

Iron
dependence

Erythropoietin m

?*@ -8 -0

™
Y -~ I -~
About 10-13
|— days

L 1
I About 21 days 1oout 1-2
L days 1
Erythropoietin I 1
Pluripotent Burst-forming Colony-forming  Proerythro- Erythro- Reticulocytes Red
stem cell unit-erythroid unit-erythroid cells blasts blasts blood
cells cells

Adapted from: Besarab A, et al. Oncologist 2009;14(Suppl 1):22—-33
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O oidnpog Kal n epudpoTtroinTivn
Taiouv CWTIKO POAO OTNV

TTAPAYWYN TWV EPUBPWYV KUTTAPWV

Iron incorporation

into haem \ -,\‘\.

Haem

A 10-1 1 About 1-2 days 1
——— About 10-13 days ——] | |

| About 21 days |

About 3-4 days

1. Besarab A, et al. Oncologist 2009;14(Suppl 1):22—33. 2. Jankowska EA, et al. Eur Heart J 2013;34:816-29

3. Pittman RN. Reiulation of Tissue Oxiienation |2011|. San Rafael |CA|: Morian & Claiiool Life Sciences



OpIoCHOG TNGS CIONPOTTEVIAG:

MPOZAHWH

AgIKTEC atTOONKEUO NG KA

aglotroinong Tou oi1drpou

7

AMOOHKEYMENOZ zZIAHPOZ

SIAHPOY \
*HmatokUTTOPQ

ATQAEIA
2IAHPOY

MepipepeIkd aipa

*316npoPAACTEG
*KUttapa tou diktuoevdobnAtakou

®depptrivn

—t

METAOEPOMENOZ ZIAHPOZ

*MeTtaoAileTal amo Ta ALUOTTONTIKA Kal Ta
LLN-OLLLOTIOLNTLKA KUTTAPQ

*EvowpaTwpéVOC oTa KUKAOdopouvTa
SiktuogpuBpokuTTOapa Kal epuBpokuTtTapa

*Juvbebepévog e TNV Tpavodepivn

\_

s l TSAT ]
= Zi6bnpog/TIBC

Jankowska EA, et al. Eur. Heart J 2013;34:816-29
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PeppiTivn opou — ATTOONKEG o|6r|po

MeTpoUpevn TTAPAPETPOG MAgovekTApaTa Mepropiopoi

« ATo0nkeg o1dripoul * O mo xproipog deiktngyia  *  Ta QuUOIOAOYIKA ) augnuéva
TNV agloAdynon Twv ETTITTEDA PEPPITIVNG OEV
» aTToBNKWV C18rPoU2 atrokAgiouv atmmoAuTn
IS p .3
,ﬁi,.v‘ - L . AEITOUpYyIKN o1dnpoTTEVia
&; L R + ZT10 UYIA ATOUA, N PEPPITIVN , ,
&t 2. opoU OXeTICETAI HE T * Alagopég avaloya pe 1o
g 2 aTTOBépaTA OISHPOU GTOV @UAo (puaioloyikd
,.“'f . 4\."? 0pYAVIOHO? XOUNAOTEPN OTIG YUVAIKEG)?
o ¢ * AvtidpacTrplo ogiag
’ef‘"J @aongt
'{' ol ‘\: + Ta emiTeda TNS PEPPITIVAS
I uTTOpPEi va gival auénuéva oe
PeppiTivn ATtoua e ouvUTTApXOVTa

PAgypovwdn vooruarta,
Aoipwén, kakonBegia n
nTaTik véoo?3

1. Wish JB. Clin J Am Soc Nephrol 2006;1:S4-8
2. Crichton RR, et al. Iron therapy with special emphasis on intravenous administration (4th edition). UNI-MED Verlag AG, Bremen
3. Macdougall IC. Curr Opin Nephrol Hyperten 1994;3:620-5

fppt.com



H @eppiTivn €ival yia onUAVTIKNA
TTAPAMETPOC VIO TNV a§|o)\oyr|crr|
TNG CI10NPOTTEVIOG

N
AP

U\

EpyaocTnpiaki . . .
. Ti peTpael MAeovekT T Mepiopi i
I'IapapsTpog METPOAE EOVEKTNMATO EPIOPICHO
eppiTivn opou ATTOBNKES « O o xpnoihog deikTng yia  AvTidpaaoTrpio ofeiag @aong?
cbent PE B o10ripou? TNV agloAdynon Twv TT.X. MTTOPEi va augnBei atrd
' ; ‘,ﬁ?@& amoBnKwv a1drpou sggzﬂgf&(o)g& ((B)g\;ypovd)én
R » Ta xapnAd etmitreda €ivai . " L
R 1,4
“?::f eCaIpeTIKA €10IKA yIa kakonBeia N NTTATIKA vOo0
_',.-’c: ::;\_'__ . _—
SasgsTe unap&n, 0'|6r]p0Tr£V|o’(g Ta @uaoloAoyIKa ) augnuéva
* 270 UYyIn el OXETICIETGI ETTITTEdA PEPPITIVNG DEV
PeppiTivn Me Ta GWOGEHGT,? a15npou aTrOK)\aiouy AEITOUPYIKA
OTOV OPYQAVIGUO oi1dnpoTrevial

» EUKOAN Kkal eup€wg
O1006€01un u€Tpnon, ME
METPIO KOOTOG

Ala@opég avaloya Pe To
QUAO (puololoyIKa
XANNAGTEPN OTIG YUVAIKEG)?

1. Macdougall IC. Curr Opin Nephrol Hyperten 1994;3:620-5. 2. Wish JB. Clin J Am Soc Nephrol 2006;1:S4-8
3. Kalantar-Zadeh K, et al. Clin J Am Soc Nephrol 2006;1:S9-S18. 4. Crichton RR, et al. UNI-MED Verlag AG, Bremen 2006




How the kidney works "

Clean blood T

Renal vein -

Blood with
waste products

Renal arcery

Ureter —
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Mechanism of Progressive CKD

Initial Insult

NEPHRON NUMBER

| GloMERULAR | INTERSTTAL
WJURY |y FIBROSIS
Proteinuria
\

"',}‘- Obstruction
of capillaries |
hﬂmmh:" GLOMERULO- v |
| hypertraphy s |
$ 4 |
Tubular I
: destruction |
I | I
} ———>|  REDUCED | 1|
i |
| |

Source: Rossert A, etal SASN 145173177, 2003



National Institute for
Health and Clinical Excellence

Quick reference guide

Anaemia management in people with
ronic kidney disease
This updates and replaces NICE clinical guideline 39

Anaemia is a state in which the quality and/or quantity of
circulating red blood cells are below normal; it is associated with
progression of CKD. - —

‘Hb levels fall as kidney function declines.

*Adverse effects associated with anaemia include:
- tiredness

- shortness of breath

- lethargy

- palpitations

- increased sensitivity to the cold

- reduced cognition and concentration.

fppt.com




Anemia in CKD

* Prevalence e Mechanisms
— Stages 1-2: <10% — EPO deficiency

— Stage 3: 20-40% — Iron deficiency and
— Stage 4: 50-60% mobilization disorders

— Stage 5: >70% — Shortened RBC lifespan
— Hyperparathyroidism
— Vitamin deficiencies




Current Treatment Paradigm / Options for
Anemia

* Transfusion {

* Erythropoesis stimulating agents (ESAs)
ry
{epoeitin alpha & beta, darbepoetin, methoxy poiyethylens giycol epostin beta)

* lron
{ison sucrose, ferric gluconate, iron dextran, ferumoxytol, ferrous suifate)

fppt.com




Endogenous Erythropoietin

* Endogenous erythropoietin production primarily kidney & liver

* Physiologic concentrations

* 5to 20 mU/mi
* Diurnal variation with higher afternoon & lower night-time levels

* Tissue hypoxia is main stimulus for modulating production
* Erythropoletin levels In various conditions

* Highalttude traming 1.5 fold increase over baseline
* Arute bhlood loss (0.50) 1-4 fold increase over bascline
* Aplaztic Anemia 200- 20,000 muU/ml

* PolycythemiaV 2.5 muU/mi|
fppt.com



EPO-producing cells in the kidney

Pan X, Suzuki N, Hirano |, Yamazaki S, Minegishi N, Yamamotao M (2011) Isolation and Characterization of Renal Erythropaoietin-
Producing Cells from Genetically Produced Anemia Mice. PLoS ONE 6(10}: €25839. doi:10.1371/journal.pane.0025839
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= EMP, e.qg.
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rhEpo -~ - T
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Recombinant EPO preparations

‘Epoetin’ 1s the nternational non-proprietary drug name

(INN) for eucarvotic cell-derived rhEpo, whose amino acid _
sequence 15 1dentical with that of endogenous human Epo.  vonstuson Medicne

and Hemotherapy

Differences n the amino acid residues chain are indicated by | e

a random prefix (e.g. ‘darbepoetin’). The glycosylation pat-  ———

tern is indicated by a Greek letter (alfa, beta, etc.). Two =g« o
brands of mnovator CHO cell-denived rhEpo, namely epoetin

alfa and epoetin beta, were launched as anti-anemic agents

fppt.com



Recombinant EPO preparations

about 25 wvears ago. Epoetin alfa has been marketed in the
USA as Epogen”™ (A mgen) for the treatment of CKID patients
on hemodialysis and as Procrnit™ (Johnson and Johnson) for
other indications through an agreement with Amgen. and out-
Transfusion Medicine side the USA mainly as Eprex®™ or Erypo® (Johnson and

and Hemotherapy Johnson subsidiary Ortho Biotech). and Espo™ (Kirin). Epo-

- etin beta has been mainly marketed as NeoRecormon®™ (F.
Hoffmann-LaRoche) and Epogin™ (Chugauv'F. Hoffmann-L.a-
Roche). The originator epoetins alfa and beta are used for the
same major indications {anemias assocliated with CKID or my-
elosuppressive chemotherapy treated cancer). In 2009, epoe-
tin theta has been launched as another stand-alone CHO cell-
derived rhEpo { Eporatio®™, Rattiopharm:; Biopomn®™, CT Arzne-
imittel) in the European Union (ELU). In some parts of the
world, CKID patients have been treated with epoetin omega.

which 1= expressed in EPO cDNA-tranfected baby hamster
kidnev (BHE. from Syvrian hamster) cells. but apparently this
product 1s not widely used.

fppt.com



Recombinant EPO preparations @\

indications of the reference product, Eprex/Erypo. One of the S
e . - ' : e

bmmmllarslhas1ecew¢dwthe INN cpoetin alfa [Emmilrlt .Sgn There are recombinant ESAS with prolonged survival in

doz; Epoetin alfa Hexal", Hexal Biotech; Abseamed”, Medice circulation (‘biobetter). First darbepoetin alfa (Aranesp®

Arzneimittel Putter) and the other epoetin zeta (Silapo®, Amgen) has come, a hyperglycosylated analog (37.1 kDa) of

, . , rhEpo, which contains two additional N-glycans in association
Stada; Retacrit”, Hospira). The several brand names are ac- . : o _
with an exchange of five amino acids [7]. Compared with the

terminal half-life of I'V administered epoetin (6-9 h), the half-
life of darbepoetin alfa is three- to fourfold longer (25 h),

which allows for less frequent application [39]. Another bio-

' ' better 1s methoxy polyethylene glycol-epoetin beta (methoxy
Transfusion Medicine PR Gcmcotn b F'.‘\;I" S ﬁp LaRoche). The
and Hemotherapy -epoetin beta; Mircera”, F. Hoffmann-LaRoche). The

half-life of methoxy PEG-epoetin beta (60 kDa) amounts to
130140 h on IV injection. The prolonged in vivo survival of
darbepoetin alfa and methoxy PEG-epoetin beta is in part
due to a reduced EpoR binding affinity. 1 pg of darbepoetin
alfa or of methoxy PEG-epoetin beta peptide corresponds bi-
ophysically to 200 TU rhEpo peptide. Clinically, however. the
long-acting products may allow for dose reductions below the
predicted 1: 200 ratio [39].

fppt.com




* Erythropoesis stimulating agents
are typically ghwen in large,
pulsztile doses

* The majority of dialysis patients

receive less than 10,000 units per
week

* A significant minority of patients
receive very high doses > 25,000
units per week

ESA Use in Anemia of CKD

Weekly IV epoetin dose prescribed (Srmonm averagel, »
catenories

Hatinal sample
Rl ZINEIEY B SN ARG K ARG £ on S0 A0 i’
»
,( s - g 2 2
aPH 4 -
NN

Feroain

i _i.’

AU FIOIT ARG FERW NG S5RA7 ADGES fIDEE ANSHE {10B AN
Vot K A Ot MOATT 20T RGR e, Aibe PIRsrdnG, & e DUt Surtg D Vs
Iy [ M T e tey eread s 2 G0 E0GE U et

C 3Ny SN NREAAMEE WA LEATR 4 EA N Joestp L3 0 Yy S0 B DL
Py 2l Al Yoo DIRTR S 540 0 30 X5 324 (e

Rl Laite el WA
FOrte V0003 Pracnt & sy, Sk it Nl eonn g tog Dene
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ESAs Pros and Cons

* Pros e Cons

— Reproduces deficient — SC administration in non-
native hormone HD patients

— Effective in most — Long-term cardiovascular
patients events

— Well tolerated in most — ESA resistance
patients — Do not address iron

— >25 years experience mobilization disorders

— IV administration
invisible to HD patients



Normal HCT (Besarab et | CHOIR (Singh et al CREATE (Drueke et al
al 1998, NEJM) 2006, NEJM) 2006, NEJM)

MNMARGog 1.233 1.432
aocfsvwv
210010 vOoou XNN — 5 pe kapdioAoyiko XNN 3 -4 XNN 3 -4
voonua

21ox0G pEAETNG  [loieg eival ol emmTwoelg  Moid gival Ta BEATIOTA Av Ba uTTapéel BeATiwon

TNG PUOIOAOYIKOTTOINONG etritreda Hb; TNG KapdIaKNG AEIToupyiag
TwV TIHWV Hb o€ aoBeveic ME TN d16pBwaon TNG
ME XNN kal kapdid avaipiog
21oxo1 Hb
XaunAoé 6pio 10 g/dl 11.3 g/dI 10.5 -11.5 g/dl
YynAéb 6pio 14 g/dl 13.5 g/dl 13 — 15 g/dl
Follow up 30 pnRveg 16 unveg 35 pnRveg
ATtrotéAeopa 2€ aoBeveic ue XNN-5 kai O uywnAb6¢ oTdX0G H d16pBwon Tn¢ avaiyiag
OUN@OPNTIKA KapdIaKA odnynoe o au¢non  Oev @aivetal va dlopBwvel
QAVETTAPKEIQ 1 IOXAIMIKO TWV KIVOUVWYV O€ TOV KivOUVO €u®AvIoNnG
ETTEIOODI0, N TTAAPNG ox€on JE TOV XauNAO, KapOIaYYEIOKWV
0160pbwon TNG avaiyiag dev  Xwpic BeATiwon TNG OUMBAPATWY

OUCTAVETAI QoL
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A Trial of Darbepoetin Alfa in Type 2
and Chronic Kidney Disease
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ABSTRACT

BACKGROUND

Anemia is associated with an Increased risk of cardiovascular and renal events
among patients with type 2 diabetes and chronic kidney disease. Although darbe-
poetin alfa can effectively increase hemoglobin levels, its effect on clinical oue
comes in these patients has not been adequately tested.

METHODS
In this study involving 4028 patients with diabetes, chronic kidney disease, and
anemia, we randomly assigned 2012 patients to darbepoetin alfa to achieve a hemo-
globin !eve! of approximately 12 g per deciliter and 2026 patients to placebo, with
rescue darbepoetin alfa when the hemoglobin level was less than 9.0 g per deciliter.
The primary end points were the composite outcomes of death or a cardiovascu!ar
event (nonfatal myocardial infarction, congestive heart failure, stroke, or hospital-
ization for myocardial ischemia) and of death or end-stage renal disease.

RESULTS

Death or a cardiovascular event occurred in 632 patients assigned to darbepoetin alfa
and 602 patients assigned to placebo (hazard ratio for darbepoetin alfa vs. placebo,
1.05; 95% confidence interval [CII, 0.94 o 1.17; P=0.41). Death or end-stage remal
disease occurred in 652 patients assigned to darbepoetin alfa and 61E patients as-
signed to placebo (hazard ratio, 1.06; 95% CI, 0.95 to 1.19; P=0.29). Fata! or nonfatal
stroke occurred in 101 patients assigned to darbepoetin alfa and 53 patients assigned
to placebo (hazard ratio, 1.92; 95% CI, 1.38 to 2.68; P<0.001). Red-cell transfusions
were administered to 297 patients assigned to darbepoetin alfa and 496 patients as-
signed to placebo (P<0.001). There was only a modest improvement in patient-repore
ed fatigue in the darbepoetin alfa group as comparad with the placebo group.

COMCLUSIONS

The use of darbepoetin alfa in patients with diabetes, chronic kidney disease, and
moderate anemia who were not undergoing dialysis did not reduce the risk of either
of the two primary composite outcomes (either death or a cardiovascular event or
death or a renal event) and was associated with an increasaed risk of stroke. For many
persons involved in clinica! decision making, this risk wil! outweigh the potential
benefits. (Clinical Trials.gov number, NCT00093015.)
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Abstract

The European Renal Best Practice (ERBP), which are is-
sued by ERA_EDTA, are s tions for clinical practice
in areas in which evidence is Lac arweak, together with
position statements on recently published randomized con-
trolled InJI-. or on existing guidelines and recommenda-
, the Anaemia Working Group of ERBP
mpmmm statement about the hacmoglobin
target to aim for with erythropoietin-stimulating agents
(ESA) and on issues that were not covered by K-DOQI in
2006-07. This second position paper of the group follows
lher\uhllhmm ofthe Trial to Reduce CandiovascularEvents
with mnhp Therapy (TREAT) Study. This multi-centre,
led trial compared and renal
num-mn in 4038 patients with type 2 diabetes, chronic
sease not on dialysis, and maemia who were mn-
to complde anaamia correction (hacmoglobin tar-
getof 13 g/dL using darbepoetin alfa) or placebo (with a
haemoglobin rescue value of 9 g/dL).
Following the findings of the TREAT study, the Anaemia
i oup of ERBP maintains its view that “Hb values
dL should be genemlly sought in the CKD
population without intentionally exceeding 13 g/l and
that the doses of ESA therapy to achieve the target haemo-
globin should also be considered More caution is sug-
ested when treating anaemia with ESA therapy in
patients with type 2 diabetes not undergoing dialysis (and
probably in diabetics at all CKD stages). In those with
ischaemic heart disease or with a previous history of stke,
possible benefits should be weighed up against an in-
ereased risk of stroke recurrence, when deciding which
Hb level to aim for.
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These recommendations are not intended to wpresent a
new guideline as they are not the result of a systematic
review of the evidence.

Keyward: snemis; chronic kidney disesse; dishetes; aryfrapaiesis
stimul ating agen:

Introduction (aim and scope)

Some years ago, the nephrological community planned a
single set of international guidelines under the acgis of
Kidney Disease Improving Global Dutcomes (KDIGO)
[1]. Consequently, the ERA-EDTA agreed to issue after-
wards only tions for clinical practice in areas in
which evidence is lacking or wesk, together with position
staternents on tecently published randomized controlled
isting guidelines and mecommenda-
or previous European Best
ctice Guidelines (EBPG) [2]. Following the publication
of K[)OQL guidelines about anaemia in 2006/2007 [2.4]
the Anaemia Worki up of European Renal Best
Practice (ERBP) published its first position statement
[5], giving its opinion an the *hot’ topic of haemoglobin
(Hb) targets and on recently mised issues that were not
covered by KDOQI in 2006 [3]

The aim of this second position statement on anaemia is
10 give guidance on the interpretation of the recently pub-
lished Trial to Reduce Cardiovascular Events with Aranesp™
Therapy (TREAT) Study [6], and its possible relevance to
recommended treatments and Hb targets to be used when
treating chronic kidney disease (CKD) patients with
erythmopoiesis-stimulating agents (ESA) therapy, while

iec - Guideline

ERBP Position Paper 2010

Haemoglobin target

The ERBP group also feels that it is reasonable to
suggest that:

(i) In patients with type 2 diabetes not undergoing dialysis
(and probably in diabetics at all CKD stages), more caution
is needed when treating anaemia with ESA therapy. In
diabetic patients with a history of stroke, a lower target is
more sensible (10-12 g/dL), balancing the risk-benefit of
treatment and the desired Hb target in the individual
patient. It is also of paramount importance to involve the
patient in the decision making, and seek their personal
views after a discussion about the benefits/risks of
treatment. On this respect, the patient's opinion should be
carefully taken into consideration.

(ii) The risk-benefit of increased transfusions should also
be considered carefully, especially for patients eligible for
transplantation.

fopt.com Locatelli F, et al. Nephrol Dial Transplant 2010;25(9):2846-2850
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Abstract

The European Renal Best Practice (ERBP), which are is-
sued by ERA-EDTA, are suggestions for clinical practice
in arcas in which evidinee is lacking or weak, together with
position statements on 1 ‘published randomized con-
trolled trials, or on exist elines and recommenda-
tions. In 2009, the Anaemia Working Group of EREP
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kidney disease not on dialysis, and maemia who were ran-
domized to complete anaemia correction (hacmoglobin tar-
getof 13 gdL using darbepoctin alfa) or placebo (with a
hacmoglobin rescue value of 9 g/dL)

Following the findings of the TREAT study, the Anaemia
Warking Group of ERBP maintains its view that “Hb values
of 11-12 g/dL should be genemlly sought in the CKD
population without intentionally exceeding 13 g/dI and
that the doses of ESA therapy to achieve the target hacmo-
globin should also be considersd Mare caution is sug-
gested when treating anacmia with ESA therap
patients with type 2 diabetes not indengoing dialysis (and
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ischacmic heart discase or with a previous hi
ble benefits should be weighed up
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These recommendations are not intended to represent a
new guideline as they are not the result of a systematic
review of the evidence

chromic Kidney disesse; dishetes; aryfiropaiesis

Introduction (aim and scope)

Some years ago, the nephrol
single set of international guidelines under the acgis of
Kidney Disease Improving Global Outcomes (KDIGO)
[1] Consequently, the ERA-EDTA agreed to issue after-
wards only suggestions for clinical practice in areas in
which evidenee is lacking or weak, together with position
statements on recently published randomized controlled
trials (RCTs), or on existing guidelines and recommenda-
tions issued by other bodies or previous European Best
Practice Guidelines (EBPG) [2]. Following the publication
of KDOOT guidelines about anacmia in 2006/2007 [3,4]
the Anaemia Working Group of European Renal Best
Practice (ERBP) published its first position statement
[5]. giving its opinion on the *hot’ topic of haemoglobin
(Hb) targets and on recently mised issues that were not
cavered by KDOQI in 2006 [1].

The aim of this second position statement on anaemia is
to give guidance on the interpretation of the recently pub-
lished Trial to Reduce Cardiovascular Events with Aranesp™
Therapy (TREAT) Study [6], and its possible relevance to
recommended treatments and Hb targets to be used when
treating chronic kidney discase (CKD) patients with
erpthmopoiesis-stimulating agents (ESA) therapy, while

ical community planned a

fppt cGiv
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ERBP Position Paper 2010

Continue...

“(iii) In diabetic patients with ischaemic
disease or with a previous history of stroke, possible
benefits of reduced need for  coronary
revascularization procedures and transfusions should
be weighed up against an increased risk of stroke
recurrence, when deciding which Hb level to aim for,
and use of the lowest possible doses of ESA appears
reasonable.

(iv) In patients with CKD and a previous history of
cancer, the risk of tumour recurrence and related
death should be considered when deciding whether or
not to start ESA treatment. Again, in these
patients, the lowest possible doses of ESA should be
used.”
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Abstract

The European Renal Best Practice (ERBP), which are is-
sued by ERA-EDTA, are suggestions for clinical practice
in arcasin which evidence is lacking or weak, together with
position statements on recently published randomized con-

These recommendations are not intended to represent a
new guideline as they are not the result of a systematic
review of the evidence.

anemix; chronic kidney disase; dishetes; aythropaiess

trolled trials, or on existing guidelines and 4
tions. In 2009, the Anaemia Working Group of ERBP
published its first position statement about the hacmog lobin
tarzet to aim for with erythropoietin-stimulating agents
(ESA) and an issues that were not coversd by K-DOOI in
2006407 This second pasition paper of the group fallows
the publication ofthe Trial to Reduce Candiovascul arEvents
with Aranesp™ Therapy TREAT) Study. This multicentre,
placeba-controlled trial compared candiovascular and renal
outcomes in 4038 patients with type 2 diabetes, chronic
kidney disease not on dialysis, and aaemia who were ran-
domized to complete anacmia carrection (haemoglobin tar-
getof 13 gl wing darbepoetin alfa) or placebo (with a
haemaglobin rescue value of 9 g/dL).

Following the findings of the TREAT study, the Anacmia
Waorking Group of ERBP maintains its view that *Hb values
of 11-12 g/dL should be generally sought in the CKD
population without intentionally exceeding 13 g/dl’ and
that the doses of ESA. therapy o achieve the el haamo-
globin should also be considered. Mor: caution is sug-
gested when treating anasmia with ESA therapy
patients with type 2 diabetes not undergoing dialysis (and
probably in diabetics at all CKD stages). In those with
ischacmic heart disease or with a previous history of stroke,
possible benefits should be weighed up against an in-
creased risk of stroke recurrence, when deciding which
Hb level to aim for.
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Introduction (aim and scope)
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ngle set of international guidelines under the aegis of
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[1]. Consequently, the ERA-EDTA agreed to issue after-

ggestions for clinical practice in areas in
which evidence is lacking or weak, together with position
statements on recently published randomized controlled
trials (RCTs), or on existing guidelines and rcommenda-
tions issued by other bodies or previous European Best
Practice Guidelines (EBPG) [2]. Following the publication
of KDOQI guidelines about anaemia in 20062007 [3,4],
of European Renal Best
first position staternent

Practice (ERBP) published i
[5]. giving
(Hb) targets and on recently mised issues that were not
covered by KDOQI in 2006 [3]

The aim of this second position statement on anaemia is
to give guidance on the interpretation of the recently pub-
lished Trial to Reduce Cardiovascular Events with Aranzsp™
Therapy (TREAT) Study (6], and its possible relevance to
recommended treatments and Hb targets 1o be used when
treating chranic kidney disease (CKD) patients with
erythmpoicsis-stimulating agents (ESA) therapy, while
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Treatment of renal anemia

(i) Iron administration is an important factor
successful treatment with any kind of ESA, in order to use
the lowest dose for reaching and maintaining the desired Hb
target

(ii) ESA treatment should not be started in patients who are
iron-deficient

(iii) Iron replacement should be used first in any CKD
patient who is proven or likely to be iron-deficient, and only
once the iron stores are replete should ESA therapy be
initiated

(iv)In CKD patients, ESA treatment should be considered
when Hb levels are consistently below 11 g/dL (possibly < 10
g/dL in patients with type 2 diabetes and with a history of
strokes), and all other causes of anaemia have been

excluded; the threshold for treatment should be decided
according to patient characteristics and symptoms, and the
desired Hb target”




Inadequately low EPO as cause of renal anemia

;v 59 Rh EPO
;:od ¥ K;QC - effective in almost all patients

« overall safe
« with relatively few limitations:
- biological: high costs, limited stability
- parenteral dosing required
- occasionally immunogenic = PRCA
- efficacy limited by iron availability
: - rnisks when targeting normal Hb leveis
SUETE W L J
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EPO

« Rational for new therapies
« Interest in market participation

- Stimulation of endogenous EPO




Hypoxia-inducible transcription factors (HIFs) bind hypoxia-
response sequences of genes related to tissue oxygenation

1. HIFs are transcription factors composed of 2 subunits: HIF-a and HIF-B (ARNT).

2. HIF-B (ARNT) is stable under all levels of oxygenation. HIF-a is continually
produced, but undergoes rapid proteasomal degradation during normoxia.

3. Hypoxia stabilizes HIF-a, allowing formation of transcriptionally active

HIF-a/HIF-B dimers. The rate limiting step in formation of active HIF-a/HIF-f3
is stabilization of HIF-a, which is due to decreased prolyl hydroxylation.

4. Genes containing hypoxia responsive elements encode proteins involved in
tissue oxygen delivery and utilization:

a. Eyrthropoiesis: EPO, Transferrin

b. Vascular growth/regulation: VEGF, VEGF-R/FLT-1, Endothelin1, PAI-1, NOS2
c. Glucose transport + metabolism: GLUT1, Hexokinase, PFK, G3PD, aldolase,
PK, LDH



Hypoxia — EPO feedback cycle

o,

Marrow o Renal Cortex

FRTERH

o

:
v
-
%
.
:
¥

Ergttiroid coll survival

& Mok nenthex Hypoxia inducible factor-2a
sl Hgh synthasie

and HIF-2a Prolyl Hydroxylases

Modified from Koury, MJ, Red blood cell production and kinetics, in Rossi's Principles of Transfusion Medicine, 6th Ed. (2016), p. 90.




Cardiovascular Safety

{0 High burden of proof given previous studies targeting normal
- hemoglobin have demonstrated either no benefit or harm
* Normal hematocrit study

* CHOIR

* CREATE

* TREAT

'+ Underlying reason remains unknown
¢ Inflammation
~  High hemoglobin

¢ ESAS

: * \WWe must wait for this answer...

% '
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Conclusions

* HIF Activators are an interesting and physiologic alternative to current
treatment options for anemia

* The available clinical data appear promising

* No obvious safety signal YET

* Pending phase lll clinical trials will help determine whether HIF
Activators will one day replace ESAs and iron— STAY TUNED

“

fppt.com



Cardiorenal anemia syndrome:
a vicious circle of destruction

CHF

CKI Anemia

"

Anemia as a cause of heart failure




Anemia and cardiovascular disease

Anemia

CHF .’,.-—F"--* Tissue hypoxia
LVH andeuentual/ 4 Peripheral vasodilation

cell death \

T Ventricular | Blood pressure

diameter
T Plasma vulume\ T Sympathetic activity
\ T Heart rate and
stroke valume
Fluid retention ‘-..___.4../ 4 Renal blood flow

T Renin angiotensin
aldosterone ADH

Anand et al BritHtJ 1993 70347



ANEMIA CKD

Figure 4 The influence of cytokines in the develcpment of anemia in the cardic-
renal anemia syndrome. TINF- and other cytokines have an inhibitory effect on
erythropoietin-stimulating agent-dependent erythropoietic processes in the bone
marrow (EPO resistance). inhibit remobilization for hemoglobin synthesis through
hepcidin producton. and decrease endogenocus EPO production in the kidney. Anemia
worsens heart failure,. decreases renal perfusion. and leads to a circular cycle.
Abbreviation: CKD. chronic kidney disease.

. —



Role of EPO in Preventing Progressive CKD
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Hb and GFR as risk factors in CHF patients L

(SOLVD Study)
Survival probability by Hb Survival probability by eGFR
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Epoetin and IV Iron for Anemia in
Patients with CHF

Prospective uncontrolled intervention study

26 anemic patients (Hb 10-11.9¢%) with severe CHF
despite being treated with maximally tolerated
medications for » 6 mo had their anemia corrected

Intervention: Epoetin 5C and Iron sucrose Y (Venofer)
Goal: To raise the Hb to above 12g%

Silverberyg D5 Wexler D et gl SACC 2000:35:1737



Response of anemic CHF patients to EPO and IV iron
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Prospective intervention study of
anemia treatment in CHF: Impact of anemia
correction on GFR
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rHUEPO Impact On Exercise
Capacity in HF Patients

Study Design

22 HF* patients randomized
2.1 rtHUEPO to contral

rHUEPO 5,000-10,000 U SC
TIW (n = 14)

Exercise testing done at baseline and end of trial

Duration: 3 months

SC Placebo (n = 8)

Endpoints: Hb, Exercise testing

*Ave Valyes ab Baseline: LVEF = 22%
Feak VO, = 10.4 mL%kg/min; Hb 10.9 gidL i : :
Mancini et al Circalation 2003107 294




Early treatment of anemia is associated with slower
CKD progression
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Sowrce: Gouva C, etal. Kigney int68:753-760, 2004 (P = 0.001)



Overview of the anemia of kidney disease
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Fsorns Ervthropoietin #80e

Kidney disease is an EPO deficiency state.

The anemia of kidney disease is largely due to
insufficient EPO to maintain normal RBC production rates.
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Erythropoietic stages and organization
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Erythroblastic islands (EBIs):

Marrow niches of terminal
erythroid differentiation

Madified from Panka, P, Koury, MJ and Sheftel, AD (2013) Erythropoiesis, Hemoglobin Synthesis, and Erythroid Mitochondrial iron Homeostasis, in
Handbook of Porphyrin Science: Velume 27, Erythropoiesis, Heme, and Applications to Biomedicine, Ferreira, G., ed.,Hackensack, NJ, World Scientic
Publishing, pp. 41-84, and Koury MJ, Abnormal erythropoiesis and the pathophysiology of chronic anemia. Blood Reviews, 2014;28:49-66.




Increasing hypoxia induces EPO production in progressively
larger areas of the kidney and the liver
ey T

Photomicrographs from: Koury ST, Koury MJ, Bondurant MC, Caro J, Graber SE. Quantitation of erythropoietin producing celis
in kidneys of mice by in situ hybridization: correlation with hematocrit, renal erythropoietin mRNA, and serum erythropoietin
concentration. Blood 1989;74:645-651, and Koury ST, Bondurant MC, Koury MJ, Semenza G. Localization of cells producing
erythropoietin in murine liver by in situ hybridization. Blood 1991;77:2497-2503. © the American Society of Hematology




Linear decline in Hct increases EPO-producing cells exponentially.
EPO-producing cells are induced in an all-or-none manner.
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CKD Clinic: Anemia Mana

« Based on KDOQI, 2006

« Maintain Hb values between 11-13 g/dl using
ESA agents

 Begin testing at all stages of CKD

fppt.com



CKD Clinic: Anemia Mana

« Monthly monitoring of Hgb in ESA treated
patients

« ESA doses should be decreased, not
necessarily held when a downward trend in Hb
IS needed

fppt.com



\ ¥
« |ron testing every month at initiation of ESA Y
treatment

* |ron testing every 3 months during stable ESA
treatment

« Sufficient iron should be administered to maintain the
following indices of Fe status

-Serum ferritin > 100 ng/ml
-TSAT > 20 %
-Discontinue IV Fe is ferritin > 500 ng/ml

fppt.com



Questions?




