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H avaipia TayKooHIWe GUVavTaTal
010 24.8% ToU yeviKoU TTAnBuooU,
EVW N O10NPOTTEVIA ATTOTEAEI TO

BAOIKOTEPO QITIO
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Table 3.2 Global anaemia prevalence and number of individuals affected
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Population group 4 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 19.0-30.9 305 238-3N1
Pregnant women 418 39.9-43.8 56 54-54
Non-pregnant women 30.2 28.7-31.6 468 446-491
Men 121 8.6-16.9 260 175-345
iderly 239 18.3-29.4 164 126-202
Total population 24.8 22.9-26.1 1620 1500-1740
 S—

World Health Organization. Worldwide prevalence of anaemia 1993-2005:
WHO global database on anaemia 2008. Available at

hitp:{hwww who.int/nutntion/publications/micronutnents/anaemia_iron_deficiency
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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 61.6 835 L | 172 47.5 69.9
(64.3-T1.0)y (79.4-87.6) (52.8-61.3) (15.0-18.5) (43.4-51.6) (63.9-75.9)
Americas 29.3 231 24.1 3.9 17.8 38.0
(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 655 1153 48.2 18.1 45.7 182.0
Asig (61.0-70.0) (107.3-123.2) (43.9-52.5) (16.4-19.7) (41.9-49.4) (166.8-197.1)
Furape 217 1.1 251 26 19.0 418
(15.4-28.0) (r.9-14.4) (18.6-31.6) (2.0-3.3) (14.7-23.3) {31.5-50.1)
Eastern 46.7 0.8 443 11 324 308
Mediterranean (42.2-51.2) (0.4-1.1) (38.2-50.3) (6.1-8.0) (29.2-35.6) {35.B-43.8)
Wastzm 23.1 274 30.7 1.6 21.5 97.0
Pacific (21.89-24 4) (25.8-28 Q) (28.8-32.7) (7.1-B.1) (20 8-22 2) (94.0-100.0)
Global 414 2931 M8 56.4 302 4684
(45.7-49.1) (282.8-303.5) (39.9-43.8) (53.8-50.1) (28.7-31.6) (446.2-490.6)

* Fopalation subgroups: Preschonl-age children (0.00-4.99 yrs); Pregrant women (no age range defined | Non-pregnant woman (15.00-48 .39 yis)

= BE% Confidence Intervals
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+ H Avaipia amroteAel coBapd 1aTPOKOIVWVIKO TIPOBANUO =

» [lpooPBdAAel TTepiTTOU TO 25% TOU TTANBUCHOU O¢
TTAYKOO IO ETTITTEDD

« 'Exel dueon oxéon Pe 1o BIOTIKO ETTITTEOO TOU TTANBUCHOU
* H ouxvotntd TNC €ival augnuévn oTa NAIKIWPEVA ATOUA

o 25— 35 % TWV TTABOAOYIKWY EI0AYWYWY O€ VOOOKOUEID
gival OUVATOV va TTapouaiddel avaldia

» ATTOTEAEI QUOHEVT TTPOYVWATIKO TTAPAYOVTA OTAV
OUVUTTAPXEl JE GAAD voonuaTa




Avaipia: Baoika onueia (2)

« H avaigia oTIC 0 TTOAEC TTEPITITWOEIC £ival CUPTITWHA
UTTOKEIJEVNC VOOOU Kal N BepATTeUTIKN TTapeuBaon 6Ba
TTPETTEl VA EXEl WC OTOXO TNV AVATAEN MWEV TNC avaldiac,
OAAQ  OUyXPOVWC TNV QVTIMETWTTION TNC UTTOKEIPEVNC
vOOOU, TTOU €ival 0 AITIOAOYIKOC TTApAYOVTAC

[ CUUTITWHOTA TTOIKIAOUV, KOBWC €CapTWVTAl ATTO TNV
QITia TNC Avaldiag, Tn coapotTnTa TNC, TO XPOVO EVAPLNC
™NC, KABwc¢ Kal 1n Ouvarotnta TIPOCAPHOYNC  Tou
opyaviopou oTa XaunAd eTTiTreda




O oidnpoc¢ gival KaBopPIOTIKOC OTN
O100IKaoia TNE EpubpoTToinoNnNg
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| About 21 days |
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i L days ]
Erythropoietin I 1
Pluripotent Burst-forming Colony-forming  Proernythro- Erythro- Reticul Red
stem cell unit-erythroid  unit-erythroid cells  blasts blasts i e blood
cells cells

Adapted from: Besarab A, et al Oncodoegist 2000, 12(5wppl 1)22-33
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Jankowska EA, et 3l Eur. Heard J 2013;34:818-2¢
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1. Wish JB. Ciin J Am Soc Nephrol 200E;1-24-3
2. Crichton RR, et al_ Iron therapy with special emphass on inravenous administraton (4th ediion). UNI-MED Verlag AG, Bremen
3. Macdouwgall 1IC. Cwr Cpin Mephrol Hyperten 1204, 3:620-5
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How the kidney works

Clean blood

Renal vein
—

Blood with
waste products

Renal artery ~

Ureter =

Waste products \
(urine) to the bladder

Nephron "
Tubule —%



Mechanism of Progressive CKD
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*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.




Anemia in CKD

* Prevalence ¢ 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)
(epoeitin alpha & beta, darbepaetin, methoxy poiyethylens gycol epostin beta)

* [ron
{iron sucrose, ferric gluconate, iron dextran, ferumonytol, ferraus suifate)




Endogenous Erythropoietin

* Endogenous erythropoietin production primarily kidney & liver

* Physiologic concentrations

* 5to 20 mUfmi
* Diurnal variation with higher afternoon & lower night-time levels

* Tissue hypoxia is main stimulus for modulating production

¢ Erythropoietsn levels In varlous conditions
¢« Highalttude traming 3.5 fold Increase over bassline
+ Acute bioad Joss (0.5 1-4 fold increaue over baseling
* Aplastic Aremia 500-20,000 mu/m|
* PolycythemiaV 2.5 U/ ml




EPO-producing cells in the kidney

PanX, Suruki N, Hirano I, Yamazaki 5, Minegishi N, Yamamota M {2011] Isolation and Characterizetion of Renal Erythropoietin-
Producing Cells from Genetically Produced Anemia Mice. PLoS ONE 6{10}: e25839. doi:10.1371/journal.pone 00252835
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Recombinant EPO preparations

‘Epoetin’ 1s the international non-proprietary drug name
(INN) for eucaryotic cell-denved rhEpo, whose amino acid
sequence 15 identical with that of endogenous human Epo.
Differences in the amino acid residues chain are indicated by
a random prefix (e.g. ‘darbepoetin’). The glycosylation pat-

tern 15 Indicated by a Greek letter (alfa, beta, etc.). Two
brands of innovator CHO cell-denved rhEpo, namely epoetin
alfa and epoetin beta, were launched as anti-anemic agents

Transfusion Medicine
and Hemotheropy
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Transfusion Medicine
and Hemotherapy

Recombinant EPO preparations

v)\

about 25 years ago. Epoetin alfa has been marketed in the

N
AV
")

USA as Epogen”™ (Amgen) for the treatment of CKD patients
on hemodialysis and as Procrit™ (Johnson and Johnson) for
other indications through an agreement with Amgen. and out-
side the USA mainly as Eprex® or Erypo® (Johnson and
Johnson subsidiary Ortho Biotech). and Espo”™ (Kirin). Epo-
etin beta has been mainly nlark-..tgd as NeoRecormon® (F.
Hoff mann-LaRoche) and Epogin™ (Chugav/F. Hoffmann-1La-
Roche). The originator epoetins alfa and beta are used for the
same major mdications (anemias associated with CKD or my-
elosuppressive chemotherapy treated cancer). In 2009, epoe-
tin theta has been launched as another stand-alone CHO cell-
derived rhEpo (Eporatio®™. Ratiopharm: Biopoin®. (T Arzne-
imittel) in the European Umion (EU). In some parts of the
world, CKIDD patients have been treated with epoetin omega.
which 1s expressed in EPO cDNA-tranfected baby hamster
kidneyv (BHK. from Syrian hamster) cells, but apparently this
product 1s not widely used.



Recombinant EPO preparations

indications of the reference product, Eprex/Erypo. One of the
biosimilars has received the INN epoetin alfa (Bmoent”, San-
doz; Epoetin alfa Hexal", Hexal Biotech; Abseamed”, Medice
Arzneimitte] Putter) and the other epoetin zeta (Silapo”,
Stada; Retacrit”, Hospira), The several brand names are ac-

Transfusion Medicine
ond Hemotheropy

There are recombinant ESAs with prolonged survival in
circulation (‘biobetter’). First darbepoetin alfa (Aranesp™;
Amgen) has come, a hyperglycosylated analog (37.1 kDa) of
rhEpo. which contains two additional N-glvcans 1n association
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-
hetter 15 methoxy polvethylene glveol-epoetin beta (methoxy
PEG-epoetin beta; Mircera™. F. Hoffmann-LaRoche). The
half-lfe of methoxy PEG-epoetin beta (60 kDa) amounts to
130-140 b on IV mjection. The prolonged in vivo survival of
darbepoctin alfa and methoxy PEG-cpoctin beta i1s 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 IU rhEpo peptide. Clinically, however, the
long-acting products may allow for dose reductions below the
predicted 1: 200 ratio [39].




ESA Use in Anemia of CKD

B T Treeees s amy

S Weeky IV epoetn dose prescrbed (3 monthaverage)
+ Erythropoesis stimulating agents  categories
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* The majority of dialysis patients
receive less than 10,000 units per
week

* Asignificant minority of patients PR m...;... KD D NS DI N 08 AN
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ESAs Pros and Cons

Pros * 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)
603

MARBog 1.233 1.432
aocBevwv
Z1adio vooou XNN — 5 pe kapdiohoyiko XNN3-4 XNN 3 -4
veanua

ZTOYOC HEAETNC  Tolsg sival o1 eiTTTWOEIC  [Moid gival Ta BEATIOTA  Av Ba uTTdpEel BeATiwan

TNE PUTIOAOYIKOTTOINCNE emmimeda Hb; NS KApSIaKAS AsITOUpYiag
TWV TIMWY Hb ot agBeveig ME TN S1opBwan TNG
He XNN kar kapdia avalpiag
Zroyol Hb
XapnAod oplo 10 g/di 11.3 g/di 10.5-11.5 g/l
YwnAo opio 14 g/di 13.5 g/di 13 - 15 g/l
Follow up 30 pRveg 16 PAvVES 35 HAveg
ATTOTEAECHO & aoBeveig pe XNN-5 kal O uynAog aToyog H Siopbwaon ¢ avalpiag
JUH@OPNTIKA KapdIakn odnynoe ge auénon  Bev @aiveTal va dlopBuwvel
QAVETTARPKEID 1) ITYAIMIKO TWV KIVOUVWY O€ TOV KivOuvo g@aviong
ETEITODI0, N TARPNS gXEQN ME TOV XaAUNAL, KapdIayyEIAKWY
SIopBwan TNG avalpiog dev  Ywpic PeATiwan TNG CUMBAMATWY

CUCTAVETAI QoL
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A Trial of Darbepoetin Alfa in Type 2 Diabetes
and Chronic Kidney Disease
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more sensible (10-12 g/dL), balancing the risk-benefit of
.. treatment and the desired Hb target in the individual

F suggest that:
(i) In patients with type 2 diabetes not undergoing dialysis

“is views after a discussion about the benefits/risks of
‘== treatment. On this respect, the patient's opinion should be
~w:i carefully taken into consideration.

s === (ii) The risk-benefit of increased transfusions should also
SLSTERSNET be considered carefully, especially for patients eligible for
TSR tpansplantation.”

ERBP Position Paper 2010 L )

Haemoglobin target A

\ A

The ERBP group also feels that it is reasonable to ""'-

(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

patient. It is also of paramount importance to involve the
patient in the decision making, and seek their personal

ppt.com Locatelli F, et al. Nephrol Dial Transplant 2010;25(9):2846-2850
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“(ii) In diabetic patients with ischaemic heart
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

o=+ pecurrence, when deciding which Hb level to aim for,

[P S P S P e

and use of the lowest possible doses of ESA appears

“ peasonable.

i (iv) In patients with CKD and a previous history of
Sis==i= cancer, the risk of tumour recurrence and related
cenis simsiees death should be considered when deciding whether or
cogeniiiiones not to start ESA treatment.  Again, in these
GEEETEREEST patients, the lowest possible doses of ESA should be

used.”



Qdnyiec - Guidelines

ERBP Position Paper 2010

“Treatment of renal anemia

(i) Iron administration is an important factor fer  the
NDT successful treatment with any kind of ESA, in order to use
=== the lowest dose for reaching and maintaining the desired Hb
SUERESOECIIN tanget
(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
=20 (iv)In CKD patients, ESA treatment should be considered
=2 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”

fppt. com




Inadequately low EPO as cause of renal anemia

Rh EPO
effective in almost all patients
overall safe
with relatively few limitations:
- biological: high costs, imited stability
- parenteral dosing required
- occasionally immunogenic - PRCA
- efficacy limited by iron availability
- MSks when targeting normai Hb levels

\_‘.—I

« Rational for new therapies
« Interest in market participation

= Stimulation of endogenous EPO
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Hypoxia — EPO feedback cycle
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Evptticoid cell survival

i '; Hypoxia inducible factor-2a
awd Hgh synthesis

gﬁ ' and HIF-2a Proly! Hydroxylases |

Modified from Koury, MJ, Red biced cell preduction and kinetics, in Rossi's FPrinciples of Transfusicn Medicine, 6th £d. (2016), p. 90.



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 Il clinical trials will help determine whether HIF
Activators will one day replace ESAs and iron— STAY TUNED




Cardiorenal anemia syndrome:
a vicious circle of destruction

CHF

\ |
CKI Anemia

"~

Anemia as a cause of heart failure




Role of EPO in Preventing Progressive CKD

EPOETIN

|

Increased number of Antiapoptotic effects
red blood celis on renal cells (?)

e

Increased Increased protection
oxygen delivery against oxidative stress

W

Decreased tubular damage

I

Decreased interstitial fibrosis

Sowrce: Rossert, JA, etal, JASN 14:5173-177, 2003



Epoetin and IV Iron for Anemia in
Patients with CHF

Prospective uncontrolled intervention study

26 anemic patients {(Hb 10-11.99%) with severe CHF
despite being treated with maximally tolerated
medications for > & mo had their anemia corrected

Intervention: Epoetin SC and Iron sucrose |V (Venofer)
Goal: To raise the Hb to above 12g%

Silverherg DS, Wexler D et af, JACC 2000:35:1737




Early treatment of anemia Is associated with slower
CKD progression
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@ Early anemia treatment
—ae— Late anemia treatment

12 0 12
Months after Study Entry

Sowrce: Gouva C, etal. Kidney Intbb:753-760 2004 (*P < 0.001)



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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A

CKD Clinic: Anemia Management A,'

"*
I h -F‘.I‘.I

« Based on KDOQI, 2006

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

* Begin testing at all stages of CKD

fppt.com
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CKD Clinic: Anemia Management

* Monthly monitoring of Hgb m ESA treated
patients

« ESA doses should be decreased. not
necessarily held when a downward trend 1n Hb
1s needed

fppt.com



J‘L
CKD Clinic: Anemia Management # T)

 Iron testing every month at mitiation of ESA
freatment

* Iron testing every 3 months during stable ESA
freatment

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

-Serum ferritin > 100 ng/ml
-TSAT > 20 %
-Discontinue IV Fe 1s ferritin > 500 ng/ml




Questions?




