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Erythropoiesis Stimulating Agents (ESA)
Half-life (h, mean £ SEM)

1.V. S.C.

CERA1 133 + 9.83 137 +21.9
Darbepoetin alfa 2 25.3+2.2 48.4 £5.2
Epoetin beta 3 8.8+0.5 24.2 + 2.6

Epoetin alfa 3 CREONG 19.4+£2.5

1 from multiple dose studies
2 Macdougall et al. JASN1999
3 Halstenson et al. Clin Pharmacol Ther1991




Treatment of renal anaemia remains suboptimal despite revised
European Best Practice Guidelines (EBPG)

behalf of the ORAMA study group

m Achieved B Not achieved

Mean Hb>11 AllHb>11  All Hb 1012 Serum femitin TSAT >20%
g/dL g.dL g/dL >100 pg/L




Treatment of renal anaemia: Comparison between Eastern and

Western Europe with respect to the European Best Practice
Guidelines (EBPG)

behalf of the ORAMA study group
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Treatment of renal anaemia: Comparison between Eastern and
Western Europe with respect to the European Best Practice
Guidelines (EBPG)

behalf of the ORAMA study grﬂup
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Evidence Iin favor of a normal target hemoglobin

Left ventricular hypertrophy
Cognitive function

Physical function

Quality of life

Mortality and morbidity




Target Hb values in international guidelines
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Locatelli et al. Nephrol Dial Transplant 2004;19(Suppl 2):1-43

NKF-KDOQI. AJKD 2001;37(Suppl 1):S182-238; NKF-KDOQI. AJKD 2006;47(Suppl 3):S11-145
CARI. www.cari.org.au/dialysis_bht_updating.php, 20 05

Renal Association. www.renal.org/Standards/Renal ST  andards_2002b.pdf, 2002

CSN. http://csnscn.ca/locallfiles/guidelines/CSN-Gu  idelines-1999.pdf, 1999



Hb distribution in women:
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Hb distribution in men: 15.2
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Optimal target Hb — a public debate

Phrommintikul A, Haas SJ, Elisk M et al.: Mortality and target haemoglobin

concentrations in anaemic patients with chronic kidney di

erythropoietin: a meta-analysis
Lancet, 2007,369

sease treated with

Strippoli GF, Tognoni G, Navanethan SD, Nicolucci A, Craig JC.

Lancet, 2007,369

Haemoglobin targets: we were wrong, time to move on

On the basis of the @cisting published trials, summarised
by Phrommintikul and colleagues, *we contend that more
trials of haemoglobin target concentrations in patients
with chironic kidney disease are no longer requined, should
be stopped, or atleast it should be rmade fully and publicy
explidt what reasons gramt their continuation. We say

this because of the rghts of patients, and the credibility
of the scientific nephrological community, after such a
long history of contradictions. The question has been
anawered: higher hagmoglobin target concentrations
increase mortality via cardiovascular endpoints. Part
ratherthan complete comection of anagmia is appropriate,
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Figure 2: Risk of all-cause mortality in the higher haemoglobin target group compared with the lower

haemoglobin target group (fixed effects analysis)
The Roger et al trial™ is not reported because there were no deaths in either group.

Phrommintikul A. et al. Lancet 2007, 369:381-388




Risk ratio

(95% Ci) Wght (%)

Besarab et al’* 0-97 (0-64-1-47) 493

Roger et al<® 1.07 (0-07-16-75) 11

Levin et ald4 034 (0-01-8-26) 17

Parfrey et al?% * - 1.77 (0-52-6-00) 4.6

Drueke et all? = 0-94 (0-46-1-91) 175
- Rossert et ald’ 1.00 (0-14-7-03) 23

Singh et al'4 0-90 (0-48-1-69) 13-4

Overall 0-98 (0-73-1.31)
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Figure 3: Risk of myocardial infarction in the higher haemoglobin target group compared with the lower
haemoglobin target group (fixed effects analysis)

Phrommintikul A. et al. Lancet 2007, 369:381-388
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Figure 4: Risk of poorly controlled blood pressure in the higher haemoglobin target group compared with the
lower haemoglobin target group (fixed effects analysis)

Phrommintikul A. et al. Lancet 2007, 369:381-388




Risk ratio
(95% CI) Weight (%)
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Figure 5: Risk of arteriovenous access thrombosis in the higher haemoglobin target group compared with the
lower haemoglobin target group (fixed effects analysis)

Phrommintikul A. et al. Lancet 2007, 369:381-388




High haemoglobin Low haemoglobin RR Weight

(n/N) (n/N) (95% Cl) (%)
CHOIR® 125/715 97/717 .- 1.29 (1.01-1.64) 31.46
CREATE’ 58/301 47/302 T 1.24 (0-87-1.76) 1522
Besarab et al® 202/618 164/615 Lo 1:23(1-03-1:46) 53.32
Overall 385/1634 308/1632 L 2 1.25 (1.09-1.42) 100.00
Test for heterogeneity: x'=0-11, df=2 (p=0-95), I'=0%
Test for overall effect: Z=3-30 (p=0-0010)

g L] L | T T 1
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Relative risk
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Figure: Effects of different haemoglobin target concentrations on serious cardiovascular events

RR=relative risk.

Strippoli G.F. et al. Lancet 2007, 369:346-350
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Association between Hb values and prognosis

Fresenius Medical Care, North America (N=44,550)
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. Relative risks (RR) of death () and hospitalization () from all causes [with 95% confidence intervals (CI)]. Het, hematocrit.
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Relative risks (RR) of death ([J) and hospitalization () from cardiac causes (with 95% CI). Hct, hematocrit.
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Uremic cardiomiopathy: an inadequate LVH
Hematocrit and LV cavity diameter
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ESRD PATIENT RISK FACTORS
Anaemia and hospitalisation risk

™ Unadjusted
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US Observational Study

Hospitalization risk and Hct in HD patients

Relative risk
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US Observational Study

Mortality risk and hematocrit in HD patients

Relative risk
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Relative Risk of Death Relative Risk of Hospitalisation

RR, overall=0.95 per RR, overall=0.96 per
1 g/dl higher Hgb (p=0.03) 1 g/dl higher Hgb (p=0.02)
:1.29
1.22

<10 10109 11-11.9 >12 <10 10-10.9 11-11.9 >12
n= (1626)  (952) (760) (682) (1521)  (919)  (733) (670)

Haemoglobin (g/dl) at study entry



Observational trials: consistency, but limitations

Consistency: higher Hb values — better patient outcomes
in many studies relationship extends into normal range
Plausibility: reduction in Hb compensatory increase in CO,

tissue ischemia

Limitations: Hb values can be influenced by many factors, including
- inflammation,
- comorbid conditions,
- general quality and intensity of care,
- progression of kidney disease

observational trials can not assess whether

- relationship between Hb and prognosis is causal
- increasing the Hb levels improves outcomes



Randomised clinical trials in anemia management
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Randomised clinical trials in anemia management
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The New England Journal of Medicine August 27, 1998

THE EFFECTS OF NORMAL AS COMPARED WITH LOW HEMATOCRIT VALUES
IN PATIENTS WITH CARDIAC DISEASE WHO ARE RECEIVING HEMODIALYSIS
AND EPOETIN

AnaToLE BEsaras, M.D., W. Kune Borton, M.D., JErFrey K. BrownNE, PH.D., Joan C. EGRIE, PH.D.,
ALLEN R. NissensoN, M.D., DoucLas M. OkamoTo, PH.D., STeve J. Scuwag, M.D., anp Davip A. Goobkin, M.D.

Patients: 1233, HD, clinical evidence of CHF or IHD, hct 27-33 %
Design: Iv / sc Epoetin alfa High arm: target hct 42 + 3 % (= Hb 14)

Low arm: target hct 30 £ 3 % (= Hb 10)
Primary EP: composite of death and 1st non-fatal Ml (time to first event)
Main results: - study terminated early (futility, safety concerns)

- more patients in the higher arm reached the endpoint (n.s.)

- physical function score increased with hct

- incidence of vascular access thrombosis higher in higher arm
(243 vs 176; p=0.001)

Besarab A et al., N. Engl. J. Med., 1998;339:584-590




Normal versus low haematocrit

Probability of death or first
non - fatal myocardial infarction
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Besarab A et al., N. Engl. J. Med., 1998 ; 339 : 584 - 590
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Double-Blind Comparison of Full and Partial Anemia 2005
Correction in Incident Hemodialysis Patients without
Symptomatic Heart Disease

Patrick S. Parfrey,* Robert N. Foley,” Barbara H. Wittreich,* Daniel . Sullivan,$
Martin J. Zagari,} and Dieter Frei;* for the Canadian European Study Group
*Memorial University of Newfoundland, St. John's, Newfoundland, Canada; "Chronic Disease Research Group,

Minneapolis, Minnesota; *Ortho Biotech, Bridgewater, New [ersey; and SJohnson and Johnson, Pharmaceutical Research,
LLC, Raritan, New Jersey

Patients: 596, recent HD initiation, no symptomatic heart disease,
no left ventricular dilatation

Design: iv / sc Epoetin alfa High arm: target Hb 13.5 - 14.5
double-blind Low arm: target Hb 9.5-11.5

Primary EP: left ventricular volume index (LVVI)

Secondary EP: LVMI, de novo CHF, QOL, 6-min walking test

Main results: - changes in LVVI similar

- only difference in secondary outcomes: improved SF-36
vitality score in the higher vs lower arm

- adverse events similar, except rates of skeletal pain, surgery,
and dizziness higher in lower arm; headache and cerebrovascular
events higher in higher arm

Parfrey PS et al., J. Am. Soc. Nephrol., 2005;16:2180-21 89




The NEW ENGLAND JOURNAL of MEDICINE November 16, 2006

Normalization of Hemoglobin Level in Patients
with Chronic Kidney Disease and Anemia

Tilman B. Drueke, M.D., Francesco Locatelli, M.D., Naomi Clyne, M.D., Kai-Uwe Eckardt, M.D.,
lain C. Macdougall, M.D., Dimitrios Tsakiris, M.D., Hans-Ulrich Burger, Ph.D.,
and Armin Scherhag, M.D., for the CREATE Investigators™

Patients: 603, eGFR 15-35, Hb 11-12.5
Design: sc Epoetin beta  High arm: target 13.0 — 15.0
Low arm: when Hb <10.5 target10.5-11.5
Primary EP: composite of 8 CV events (time to first event)
Secondary EP: change in LVMI, QOL, progression of CKD and others
Main results: - no difference in primary endpoint

- improvement in QOL
- time to dialysis shorter in higher arm

Drieke T B et al., N. Engl. J. Med., 2006;355:2071- 2084
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CREATE trial Target Hb

, 13.4 g/dL
& % [ ] 9
I 11.5g/dL

Mean change from baseline
o

—2
3 | _ — 0.0009 = 0.0005
p =0.003 n=00004 P P
General Physical Vitality Mental health
health function index index

Drieke TB et al., N. Engl. J. Med., 2006; 355: 2071-2084
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The NEW ENGLAND JOURNAL of MEDICINE November 16, 2006

Correction of Anemia with Epoetin Alfa
in Chronic Kidney Disease

Ajay K. Singh, M.B., B.S., Lynda Szczech, M.D., Kezhen L. Tang, Ph.D.,
Huiman Barnhart, Ph.D., Shelly Sapp, M.S., Marsha Wolfson, M.D.,
and Donal Reddan, M.B., B.S., for the CHOIR Investigators™

Patients: 1432, eGFR 15-50, Hb < 11
Design: sc Epoetin alfa High arm: target 13.5
Low arm: target 11.3

Primary EP: composite of 4 CV events (time to first event)
Secondary EP: change in QOL, RRT and others

Main results: - study terminated early (futility, safety ?)
- more patients in the higher arm had at least one CV event
- no improvement in QOL
- trend towards a higher rate of progression to RRT

Singh AK et al., N. Engl. J. Med., 2006;355:2085-98




7 CHOIR tnal

- Hb difference approx. 1.5 g/dl
S R

A\

Mean Hemoglobin (g/dl}

T T T T T T T T T T T T T T T T
02 4 & & I 12 14 le 18 MW 2 4 26 W 0 1 M 36
Manth

Mo. of Patients
High-hemoglobin 710 67 632 600 558 507 48% 433 387 306 252 194 139 95 381 &7 4% 31 13
Low-hemoglobin 707 &7F 625 603 549 523 510 471 384 334 250 132 141 11 Fx el 45 30 13

20,000+
13,000

16,000+

- starting dose 10,000 IU/week

uimié T H‘{"HJ mean weekly EPO dose:
oy FEET RN ft H | 6,276 vs 11,215 IU

High-hemoglobin group

3,000

6,000

Mean Dose of Epoetin Ala (U)

4,000+
Low-hemoglobin group

2,000

T T T T T T T T T T T T T T T T T T
0 1 4 [} § 1o 12 14 s 18 20 22 24 25 IE I 32 M 36

B Singh AK et al., N. Engl. J. Med., 2006; 355:

No. of Patients _
High-hermoglobin 705 €93 659 623 S7B S30 500 452 370 310 258 189 132 97 73 65 52 27 1l 2085 2098
Low-hemoglabin 707 691 655 621 577 549 526 479 393 333 262 189 141 95 73 54 43 27 12



)7 "4 $ %

" # % 1&() *) 4

) ) -+ 1)) I+
0 1 21 )21

p<0.03
I |

B Target Hb 13.5 g/dL
B Target Hb 11.3 g/dL

Number of events

Composite endpoint events Deaths

Singh AK et al., N. Engl. J. Med., 2006;355:2085-98
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Baseline imbalance (CABG and hypertension) may have
Impact on primary outcome measures

"Of the original 1400 cohort, over half were lost”

Against “recent trends in reporting RCTs”, not all randomized
patients were included in the analysis

No demographic information regarding the 700 patients who
completed the study

Representation of the most unwell of all CKD patients and not
representative of the majority? (<50% with iron use, 38%
withdrawal rate, not able to reach target Hb values)

“Lack of adherence to RCT convention” by stopping the trial
not according to any usual stopping rule or suggestion of
harm, but rather the suggestion of harm

“Rigorous methodologists would suggest that p values of 0.03
are not significant when more than one analysis is planned”

Levin, NDT 2007
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Wodal 3

Target arm (high ws low) 126, 080 1.75 0Ia 137,085 211 215

High-dose ESA 171, 1.20 2.435 0443 154, 144 2.35 £05
Nodal 4

Target arm (high vs lowg 121, 0.85 1.7 0.2% 128, 0.82 2.00 027

Mot achiewving hemoglobin target 117,076 1.75 047 176, 0.87 3.20 L4046

Highrdaose ESA 160, 1.08 2.38 o402 140, 050 215 213
Modal & MN=T1152 =106

Target arm (high vs lowng 117,081 1.68 041 1.25, 080 1.97 £33

Mot achiewing hemoglobin target 121,078 1.88 039 180, 067 3.34 L4046

Highrdose ESA 157 1.04 236 0403 148, 094 232 fLoe

Self-reported hypertension 004, 042 1.85 086 066, 0,32 1.37 027

Fraviaus CABG 244, 1.70 3.45 00 175, 1.08 2.85 o402

Usa of [V iron 047,012, 150 025 036, 005, 263 032

Szczech L., Kidney Int, advance online publication, 2 July 2008




Model 1:

Model 2:

Model 3:

Model 4:

Model 5:

Target arm (high vs low)

Target arm (high ws o)
MGt Ac hiening Hgb target

Target arm (high ws o)
High-dosa ESA

Target arm (high ws low)
Mot & hieved Hgb target
High-dose ESA

Target arm (high vs low)

Mot s hieving Hgb target
High-dose ESA

1 67 *7 &
4-month Bndmark analysis A-month landmark anabysis
+ el —
i — —
+ S
+ -{_.
| | Pt
| - L
nooos 1 16 2 258 3 35 4 0 05 A 1.6 2 25 3 3G
Faviors Favors Favors Famiors
higher [cwer higher [cweer

Szczech L et al. Kidney Int. 2008




"33
7<% $ + 453333 7<$ -




Factors influencing anemia treatment
and impacting EPO Dose in HD patients

Factor

Impact on EPO dose

Hemodialysis adequacy
Hemodialysis quality / quantity
lron

Inflammation

Infection

up to 100%
up to 30%
20—-70%
30—-70%

30-70%

Locatelli F et al., NDT 2004;19:121-132.
Hecking E, NDT 2004;19:100-107.
Richardson D, NDT 2002;17 Suppl 1:53-59.
Sitter T et al., NDT 2000;15:1207-1211.
Kato A et al., Nephron 2001;89(1):110-112.
Stenvinkel P, NDT 2002;17 Suppl 5:32-37.
Nitta K, Acta Haematol 2002;108;168-170.
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The Optimal Hemoglobin in Dialysis Patients—
A Critical Review

Ajay K. Singh* and Steven Fishbanet

*Renal Division, Brigham and Women’s Hospital and Harvard Medical School, Boston, Massachusetts, and
1Division of Nephrology, Winthrop-University Hospital, Mineola, New York

The ideal study to define the hemoglobin target would
be a large RCT with multiple treatment targets, perhaps
hemoglobin levels of 9, 10, 11, 12, and 13 g/dl. Only
such a study could fully elucidate the tradeoff of QoL
benefit against nsks at a meaningful spectrum of hemo-
globin levels. However, very large sample sizes will be
required in order to obtain adequate power. Lacking
such a study, the current literature does not support an
evidence-based guideline for specific upper or lower tar-
get hemoglobin levels.

Singh A. and Fishbane S. Seminars in Dialysis. 2008;2  1(1):1-6
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Mean LVMI (g/im?)

160 +
140 -
120 -
100 - E Group 1
Group Z
80 -
60 -
40 =
20 -
] ' LVMI
Month 6 Month <100 g/m*
210 -
Figure 4. LVMI (mean = 1801 mGroup 1

SD) by treatment group.

Mean LVMI (g/m’)

BL m6 m15

LVMI

Flgure 5. LVMI (mean =+
SD) over time by degree of
LvH at baseline. Abbreviation:
BL, baseline.

Lvmi LVMI

100 to <130 g/m® 130 to <160 g/m® =160 g/m*

© Group 2

BL m&§ mi15 BL m6 mi5 BL m6é mis

Ritz E. et al. Am. J. Kidney Dis., 2007; 49, 194-207
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i Meta-analysis

Non-dialysis CKD patients
rel. mortality risk rel. risk of adverse CV events

for assignment to higher Hb target

Risk Ratio 95% CI Risk Ratio 95% CI
0.01 0.1 1 10 100 0.01 0.1 1 10 100
STUDY YEAR #PTs lI I”|””| : ll:llll lI I“|““| lI I”|”” STUDY YEAR #PTs Lol L1 Lol Lo
1 Roth 1994 83| T 8 1 Roth 1004 83| T — —o
2 Kuriyama 1997 730 1 T I e B 2 Levin 2005 172 | —
| | | | | | | | | | | | | |
3 Gouva 2004 88| | — T | | 3 Rossert 2006 390 | | ———
1 1 1 1 1 1 1 1 | | | | | |
4 Levin 2005 172 ! T @ T ! ! ! 4 Drueke 2006 603 | 1 1 e
I I I I I I I I 1 | | 1 1
5 Rossert 2006 390 & L L 5 Singh 2006 1432| | 1 e
| | | | | | | | | | | | | |
6 Drueke 2006 603 1 b T b 6 Ritz 2007 170 | | e
| | | | | | | | | | | | |
7 Singh 2006 1432 L e o L o L
8 MacDougall 2007 197 ! - o L OVERALL agso| 1 l<. P >
b b b b L L —
\ \ | | | | | | Studies arranged by increasing year
OVERALL 3038 0 T 0 Lo Favors Treatment Favors Control

Studies arranged by increasing year
Favors Treatment Favors Control

Z =0.04; 2p = 0.97 Z=12.19;2p

Adapted and from NKF-K/DOQI “Target Hb” 2007 update



i Meta-analysis

Dialysis CKD patients

0.

STUDY YEAR #PTs

1 Besarab 1998 1233
2 Foley 2000 146
3 Furuland 2003 416
4 Parfrey 2005 596
OVERALL 2391

rel. mortality risk

rel. risk of adverse CV events

for assignment to higher Hb target

Risk Ratio 95% ClI
1 0.2 05 1 2 5 10

]
o
]

I
e
I I
;T

—
I

|
RPN

Studies arranged by increasing year
Favors Treatment Favors Control

Z=1.04;2p =0.30

0.

STUDY YEAR #PTs

1 Besarab 1998 1233
2 Foley 2000 146
3 Parfrey 2005 596
OVERALL 1975

Risk Ratio 95% CI

1 02 05 1 2 5 10
: :
' A
|
—fo— |

Studies arranged by increasing year
Favors Treatment Favors Control

Z =0.69: 2p = 0.49

Adapted and from NKF-K/DOQI “Target Hb” 2007 update



What is the optimal target Hb ?

Target > 13 g/dl:
- risk for harm

Size (n) Hemoglobin (g/dl] - uncertain QoL benefit
7 8 9 10 11 12 13 14 15 16

TREAT
(ongoing)
Ritz (2007 — e —o——
Singh (2006 te o H e
Drueke (2006 ——r7e Fo—— <
Rossert (2006 F——mme F——-o0——]
Levin (2005 — e |0 I
Parfrey (2005 —e—] ob—- G
Roger (2004 — o p—1
Gouva (2004 A H
Furuland (2003 I *—| o I
Foley (2000 = —
McMahon (1999 " H
Besarab (1998 % o H <
Kuriyama (1997 A o
e e e
(o) (@]
pikale | 4 — ¢ Adapted and
- A
5 rﬁ?;ﬂg qgg% E s f o updated from
ahlman A —o—
A ; | | NKF-K/DOQI.
C\?Vrlal%spoon 1888 A * Fg i AJKD 2006: 47
Abraham (1990 » o+— ’
Suzuki (1989) f1 A o (5 Suppl 3)

A Placebo/control mean Hb

® Lower Hb arm: mean achieved _Hb } Target range
O  Higher Hb arm: mean achieved _Hb




Clinical practice guidelines for anemia in chronic
kidney disease: problems and solutions. A position

statement from Kidney Disease: Improving Global
Outcomes (KDIGO)

Francesco Locatelli', Allen R. Nissenson®, Brendan J. Barrett®, Rowan G. Walker®, David € Wheeler”,
Kai U. Eckardt®, MNorbert H. Lameire” and Garabed Eknoyan®

The current evidence, based on mortality data, for
hemoglobin target levels intentionally aimed with ES A
treatment in CKD patients treated indicates that: (1)
levels of >13 g per 100 ml can be associated with
harm
levels of 9.5-11.5 g per 100 ml are associated with
better outcomes compared with >13 g per 100 ml
for levels between 11.5 and 13 g per 100 ml, there is
no evidence at this time for harm or benefit compared wi th
higher or lower levels.

Locatelli F et al. Kidney Int advance online publica  tion, 2 July 2008




(2)

The relationship of the dose of ESA used and outcom  es
has not been examined adequately. Associations betw  een
the need for higher doses of ESA and poor outcomes
could be surrogates for underlying comorbidities or
toxicity.

Outcome studies of ESAs have heretofore based
their interventional strategies on hemoglobin level s only,
wherein the levels of hemoglobin achieved is equate  d
with efficacy. There is a need to broaden the prima  ry end
points of clinical trials. Studies examining a give n dose of
ESA, as opposed to, or in combination with, that of an
achieved hemoglobin target, are needed to evaluate
resistance, nonresponsiveness, and ESA toxicity.

Locatelli F et al. Kidney Int advance online publica  tion, 2 July 2008



(3)
The mechanisms of resistance to anemia correction
remain poorly defined. A consistent definition of E SA

resistance Is crucial for future research

Based on anticipated results from key on-going stud les, itis
reasonable to plan for a start-up date no earliert  han
2009, with an anticipated completion date of 2011.

Locatelli F et al. Kidney Int advance online publica  tion, 2 July 2008
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Increased
blood viscosity

Increased Direct effects of

blood pressure erythropoiesis
/-'- stimulating agents

Post-dialysis

hemoconcentration Oxidative
in hemodialysis stress from

patients with large intravenous

weight gains iron

Fishbane S and Nissenson AR., Kidney Int. 2007; 49: 806 -813
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Strategies for treating renal anemia
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Comparison of rHUEPO and NESP

rHUEPO

Creation of two additional
glycosylation sites

e v .

Four carbohydrate chains Six carbohydrate

Up to 14 sialic acid residues chains

Up to 22 sialic acid residues

30,400 daltons . N :
(eight additional residues)

40% carbohydrate
37,100 daltons

51% carbohydrate

Macdougall IC. Semin Nephrol . 2000;20:375-381




The etficacy of intravenous darbepoetin alfa administered once
every 2 weeks in chronic kidney disease patients on haemodialysis

Treatment period 2 (Q2W)

I 1 ¥ I i

B T 10 11 12
Maonths

Mean (£=SD) haemoglobin concentration overtime.

Carrera F. et al. Nephrol Dial Transplant 2006, 21, 28 46-2850



The efficacy of intravenous darbepoetin alfa administered once
every 2 weeks in chronic kidney disease patients on haemodialysis
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Mean (=SD) weekly dose of darbepoetin alfa (peg/keg/week).

Carrera F. et al. Nephrol Dial Transplant 2006, 21, 28 46-2850



Continuous Erythropoietin Receptor Activatojs
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Hb (mean £ SD, g/dL)
16

15
14
13
12
11

Mean Hb over time 11.2 g/dL (95% CI: 10.9, 11.4)

Mean dose over time 40  g/wk (95%CI: 30, 50)
Mean (x SE) dose changes 2 £+ 0.4 per patient per year

2 3 4 5 6 / 8 9 10 11 12

Months of treatment (extension period)
Locatelli et al 2005




In vivo effficacy of equal doses of EPO-EPO
compared with rhnEPO (300 1U/kg in mice)

Haematocrit (%)

EPO-EPO
50

48—

46

||
Post Pre
Treatment

Sytkowski et al 1999 (Harvard)
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Stimulation of BFU-E + CFU-GM colonies
by fusion protein and equimolar mixture of
GM-CSF and EPO

No. of colonies

35 - Fusion protein

30 o
GM-CSF & EPO
25 - mixture

20 -
15 -
10 -
GE

0 ;
112 224

Fusion protein (ng/mL)

Coscarella et al 1997 (Menarini Ricerche SpA)




J Aerosol Med. 2005 Fall: 18(3):294-303. telated Aricles, Links
Hﬁd-l}- Asn Licleat,

Delivery of an ervthropoietin-Fec fusion protein by inhalation in humans through an
immunoglobulin transport pathway.

A novel drug delivery platform has been developed that utilizes a naturally occurring

receptor known as the neonatal Fc receptor (FCRn). The receptor is specific for the Fc
fragment of IgG and is expressed in epithelial cells where it functions to transport
Immunoglobulins across these cell barriers. It has been shown that FCcRn is expressed
In both the upper and central airways in non-human primates as well as in humans.




J Aerosol Med. 2005 Fall:18(3):294- )

Delivery of an ervthropoietin-Fe fusion protein by inhalation in humans through an

immunoglobulin transport pathway.
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J Aerosol Med. 2003 Fall;18(3):294- ] Related Articles, Links
Hﬁ&-ﬁt Assn Licleat,

Delivery of an ervthropoietin-Fe fusion protein by inhalation in humans through an
immunoglobulin transport pathway.
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Vascular occlusion
Vasoconstrction

Reduced microvascular density

l

improved O, supply
Reduced O, consumplion

Energy deprivation | Expresslon of hypoxia-inducible genes |

| Protection  + Erythropolesis (EPO)
Functional impairment ===="="" | ° Anglogenesls (VEGF)
I + Anasrcbic matabollsm (GLUT, giycolytic enzymes)
T — * Collagen metabolism {cofl.,, coflagenass, TIMP)
Structural damage

Eckardt K.U., et al. Blood Purif 2003;21:253-257




Wi cek A et al.: XLII ERA-EDTA Annual Congress June 2005, Istambul, Turkey
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Cellular Oxygen Sensing Mechanism

physiologic
response
to hypoxia

cellular r

= protein

prnteasﬁﬁﬁ.

hypoxia

proteasomal
degradation response
element

Fisher J.W. Exp Biol Med. 2003; 228; 1-14
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——1.75 mo/kg x 2
—&— 3 mg/kg x 2
—tr— G mg/kg x 2
e 10 mg/kg x 2

e 15 mE/kg X 2

Time (Hours)

Urquilla P et al.: J Am Soc Nephrol 2004; 15: 546A
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6 mg/kg group (first cohort, rHUEPO-naive, predialysis patients)
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*Difference between treatment and placebo group is s tatistically significant (Mann — Whitney rank sum te st), p = 0.036
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Wi cek A et al.: XLII ERA-EDTA Annual Congress June 2005, Istambul, Turkey
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6 mg/kg group (first cohort, rHUEPO-treated, predialysis patients)
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Woodburn KW, et al. ASH 2004. Abstract 2904 http://clinicaloptions.com/onco




Background

Hematide ™
Novel synthetic PEGylated peptide
Binds to and activates the erythropoietin receptor

Currently in Phase Il clinical trials in anaemia of chronic kidney disease
(CKD) and cancer

Study Design
Multi-centre, open-label, sequential dose-finding

Objective

To evaluate the safety and pharmacodynamics of multiple doses of once-
monthly (Q4W) subcutaneous (SC) Hematide

Andrzej Wiecek et al Abstract # SP419 43rd ERA-EDTA Congress, July 15-18 , 2006, Glasgow ,




Study:Metheds

Total of 60 erythropoiesis-stimulating-agent-naive, pre-dialysis, CKD
patients with anaemia (Hgb 9.0-10.9 g/dL)

Enrolled into three dose cohorts
Patients received up to six once-monthly SC doses

Starting Hematide doses:
0.025 mg/kg (n=15)
0.050 mg/kg (n=30)
0.075 mg/kg (n=15)

Dose titration allowed after the first dose, based on haemoglobin (Hgb)
[SVETES

This study remains ongoing; further cohorts are being recruited

Andrzej Wiecek et al . Abstract # SP419 43rd ERA-EDTA Congress, July 15- 18, 2006, Glasgow,




Hematide Mean Reticulocyte Change from Baseline (0—12 Weeks)
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Injection 1

4

Injection 2

0.075 mg/kg

0.025 mg/kg

(5) 7
Weeks of Treatment

0.050 mg/kg

8

4

Injection 3

Andrzej Wiecek et al . Abstract # SP419 43rd ERA-EDTA Congress, July 15- 18, 2006, Glasgow,




Hematide Mean Hgb Change from Baseline (0—12 Weeks)
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Andrzej Wiecek et al . Abstract # SP419 43rd ERA-EDTA Congress, July 15- 18, 2006, Glasgow,




Safety.Results

Adverse Events & Serious Adverse Events

As of 26 Apr 2006, eleven (18%) patients reported 36 adverse events; all
were assessed as not related to study drug

No adverse event resulted in study withdrawal
No injection site reaction was reported
Eight serious adverse events were reported:

H. pylori gastritis Haematoma
Ischaemic heart disease Progression of CKD
Diabetic ketoacidosis Peritonitis

Vomiting Ankle fracture

All serious adverse events were assessed as not related to study drug

Andrzej Wiecek et al . Abstract # SP419 43rd ERA-EDTA Congress, July 15- 18, 2006, Glasgow,




Conclusions

Multiple monthly SC Hematide injections are well-tolerated

Monthly Hematide 0.050 and 0.075 mg/kg dosing achieves correction of
anaemia in 93% and 100% of patients by Week 8, respectively

Hematide results in a sustained increase in Hgb (up to Week 22) when
dosed monthly in patients with CKD

Phase Ill Hematide studies are planned

Andrzej Wiecek et al . Abstract # SP419 43rd ERA-EDTA Congress, July 15- 18, 2006, Glasgow,




Conclusions

Renal anemia management is currently in a
state of rapid development.

New strategies for treating the anemia have
emerged, particulary the concept of treating

the condition earlier.
We look forward to the results of pre - -dialysis

clinical tria

3.

\We can ex

pect other erythropoietic substances

to be available for therapeutic use.
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Relative risks (RR) of death ([J) and hospitalization () from infectious causes (with 95% CI). Hct, hematocrit.
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Collins A.J. et al. 3 Am Soc Nephrol 2001, 12:2465-24 73
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RED-HF™ Trial: Reduction of Events with Darbepoetin alfa in H eart Failure Trial




TREAT trial - ongoing

Patients: 4000, diabetic nephropathy (type 2 DM), eGFR 20-60, Hb < 11
Design: Double blinded, placebo controlled RCT
High arm: darbepoetin, target Hb 13 g/dI
Low arm: placebo, “rescue therapy* with
darbepoetin, when Hb < 9 g/dI
Primary EP: all cause mortality and non-fatal CV events

Individual physicians and national nephrological societies considered the trial
as “unethical“ because of the placebo arm !

Strippoli GF, Tognoni G, Navanethan SD, Nicolucci A, Cr

aig JC. Lancet 369, 2007

Haemoglobin targets: we were wrong, time to move on

On the basis of the @cisting published trials, summarised
by Phrommintikul and colleagues, ¥we contend that more
trials of haemoglobin tanget concentrations in patients
with dhronic kidney disease are nolonger requined, should
be stopped, or atleast it should be made fully and publicy
explidt what reasons grant their continuation. We say

this because of the rghts of patients, and the credibility
of the scientifc nephrological community, after such a
long history of contradictions. The question has besn
answered: higher hasmoglobin target conoentrations
increase mortality via cardiovascular endpoints. Part
ratherthan complete comection of anagmia is appropriate,



RCTs

Hemoglobin (g/dl)
7 8 9 10 11 12 13 14 15 16
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ESRD PATIENT RISK FACTORS
Anaemia and hospitalisation risk

Unadjusted

I B Adjusted
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Locatelli F et al Nephrol Dial Transplant 1998; 13: 1642 - 4




US Observational Study

Hospitalization risk and Hct in HD patients

Relative risk
1.4 -

1.3 -
1.2 -
1.1 -
1.0
0.9 I
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<27 % 27-30% 30-33% 33-36% Hct

Xia et al, J Am Soc Nephrol 1999:10; 1309 - 16
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Relative Risk of Death Relative Risk of Hospitalisation

RR, overall=0.95 per RR, overall=0.96 per
1 g/dl higher Hgb (p=0.03) 1 g/dl higher Hgb (p=0.02)

1.29

1.22

<10 10109 11-11.9 >12 <10 10-10.9 11-11.9 >12
n= (1626)  (952) (760) (682) (1521)  (919)  (733) (670)

Haemoglobin (g/dl) at study entry




Age 18-65 years Age >65 years

RR, overall=0.96 per RR, overall=0.93 per
RR of death 1 g/dl higher Hgb (p=0.24) 1 g/dl higher Hgb (p=0.01)

1.51

|

| =0.42 . | p=0.46 | p=0.84 | Ref I‘,,,dif_u:
<10 10-10.9 11-11.9 >12 <10 10-10.9 11-11.9 >12
n= (909) (479) (414) (400) (716) (473) (346) (282)

Haemoglobin (g/dl) at study entry




Good responders
(n=18)

Poor responders
(n=15)
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5 10 15 20
Time {months)
“P<0.05 vs good responders




US Observational Study

Mortality risk and hematocrit in HD patients

Relative risk

1.6 T
1.5 -
1.4 1 N = 75 000
1.3 1
1.2 -
1.1 T
1.0 1
0.9 T
0.8

<27% 27-30% 30-33% 33-36% Hct
Ma JZ et al.: J Am Soc Nephrol 1999; 10: 610




Higher Hgb and Survival in HD pts

=
i

unadjfusted

0.98
0.96
0.94
0.92
0.90
0.88
0.86
0.84
0.82
0.80

OOPESOREREELS

Ofsthun, et al KI, 2003 63 { 1303-1314)




Robinson et al. Kidney Int (2005)
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Importance of hemoglobin level in HD patients

Decreased risk of mortality (5% lower for every 1 g/dl)
Decreased risk of hospitalization (4% lower for every 1 g/dl)
Decreased risk of infections

Increased quality of life

Locatelli F et al., NDT 2004:19:121-132.
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Normalization of Hemoglobin Level in Patients
with Chronic Kidney Disease and Anemia

Tilman B. Drueke, M.D., Francesco Locatelli, M.D., Naomi Clyne, M.D., Kai-Uwe Eckardt, M.D.,
lain C. Macdougall, M.D., Dimitrios Tsakiris, M.D., Hans-Ulrich Burger, Ph.D.,

Patients:
Design:

Primary EP:

Secondary EP:

Main results:

and Armin Scherhag, M.D., for the CREATE Investigators™

603, eGFR 15-35, Hb 11-12.5

sc Epoetin beta High arm__: target 13.0 — 15.0
Low arm : when Hb < 10.5 target 10.5-11.5

composite of 8 CV events (time to first event)
change in LVMI, QOL, progression of CK D and others

- no difference in primary endpoint
- improvement in QOL
- time to dialysis shorter in higher arm

Drieke TB et al N Engl J Med 2006;355:2071-84
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Besarab A etal. N Engl J Med 1998 ; 339 :584 - 90



CREATE tnal

; m - Hb difference 1.9/ 1.7 / 1.5 g/d
= R i (i B, oo St i, 0 . o i

- starting dose 2000 IU/week

AT 1 1 T T T T T 1T 71T 7571 oA mean weekly EPO dose:
S88R8 2000 vs 5000 IU

Hemoglobin (g/d)

4

Months

100
T}&NC_& - no difference in CV events

Group |

Event-free Survival [36)

X4
Month

Mo, at Risk
Groupl 301 379 268 249 207 158 a7
Group2 302 286  27F 257 223 177 121

Driieke TB et al N Engl J Med 2006;355:2071
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Patients:
Design:

Primary EP:

Secondary EP:

Main results:

The NEW ENGLAND JOURNAL of MEDICINE November 16, 2006

Correction of Anemia with Epoetin Alfa
in Chronic Kidney Disease

Ajay K. Singh, M.B., B.S., Lynda Szczech, M.D., Kezhen L. Tang, Ph.D.,
Huiman Barnhart, Ph.D., Shelly Sapp, M.S., Marsha Wolfson, M.D.,
and Donal Reddan, M.B., B.S., for the CHOIR Investigators™

1432, eGFR 15-50, Hb < 11

sc Epoetin alfa High arm__: target 13.5
Low arm : target 11.3

composite of 4 CV events (time to first event)
change in QOL, RRT and others

- study terminated early (futility, saf ety ?)
- more patients in the higher arm had at least one C  V event

- no improvement in QOL
- trend towards a higher rate of progression to RRT

Singh AK et al N Engl J Med 2006;355:2085-98



CHOIR tnial

Mean Hemeglobin {gfdl)

Mo. of Patients
High-hemoglobin
Low-hemoglobin

Mean Dose of Epostin Alfa (U)

Ma. of Patients
High-hemoglokin
Low-hermoglobin

155

150

14.5

140

135 ¥
N e Lt
125 High-hemoglobin group +1} |

2
12.0

115 iéi_k}*r%iﬂ*fmﬁ?ﬁ'}ﬂ'}'*§ %H_}u% "

/ Low-hemoglobin group
/

1054/

10.0

8.5,

6 & 10 12 14 le 18 W 22 4 26 2 W 3 M 36
Manth

710 867 632 600 558 507 485 433 367 306 252 194 139 95 &1 67 49 31 13
707 &7% 65 603 549 523 510 471 384 334 250 187 141 101 75 6O 45 30 13

T ) H“

High-hemaglabin group

Y
Y

..g___H_ iy a bt %HHH%

Ln:;-wrhemcr_glob:'n group

& i 0 12 14 16 18 20 22 24 326 IE 30 32 34 38
Meonth

705 693 659 623 S57R 530 500 452 370 310 258 19 132 97 79 65 52 217 1)
707 651 655 621 577 549 526 479 393 333 262 19 141 9% 73 54 43 27 12

- Hb difference approx. 1.5 g/dl

- starting dose 10,000 IU/week
mean weekly EPO dose:
6,276 vs 11,215 |U

Singh AK et al N Engl J Med 2006;355:2085-98




CHOIR trial

A Primary Composite End Point

Probability of
Composite Event

High-hemaglobin group

Singh AK et al N Engl J Med 2006;355:2085-98

125 vs 97 events;
p <0.03

Mo. at Risk
High-hemoglobin

Low-hemoglebin

Month

715 B34 587 320 457 355 270 17 101 JE 55 i3
717 660 594 53% 489 397 293 82 107 &7 44 I3

B Hospitalization for CHF [without RRT)
020
5=
010+
005+

Hazard ratic: 1.41
P=0.07

g
i}
b=
£
5
-4

High-hemoglobin group

I
= "’Tﬂw-hemaglu bin group

Mo, at Risk
High-Remoglobin
Low-hemeoplakbin

715 &56 391 523 46l
717 663 59% 544 504

T T
4 17 W0 313
Manth

359 27 17 W2 73 56 23
402 299 187 111

045 M

C Myocardial Infarction
0.20

0.15 Hazard ratio: 0,91

0.10 e Low-hemoglabin group

P o,

_,,_._...—-——-P—'—"—’—#ngh-h:moglabm Eroup
0.00- T 7 T T T T T T T T T
a 3 3 9 12 15 18 21 24 3} MW 31 3%

Month

0.05

Probability of Event

Mo, at Risk
High-hemaoglobin
Low-hemoglobin

715 674 612 543 487 387 295 193 113 79 59 25
717 672 609 560 520 415 307 192 115 73 48 26

D Stroke

Hazard ratio: 1.01
P=0.98

Low-hemoglobin graup
High-hemoglobin group

R—— 7]

Probability of Event

Mo. at Risk
High-hemoglobin
Low-hemoglabin

T I T 1
15 18 21 24 27

Month

T T T 1
0 33 36 39

715 672 611 543 487 386 29 195 113 79 39 25
717 675 6O8 559 518 414 306 193 115 72 48 25

E Death

Hazard ratio; 1.48 High-hemoglobin group

P=0.07

" Law-hemoglabin group

Probability of Event

4 P O30 313 3R
Month

Mo, at Risk
High-hemoglobin
Low-hemoglobin

430 389 237 196 114 BO &0 25
523 418 310 195 117 74 4% 2%

715 675 614 545
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Flgure 5. LVMI (mean =+
SO0} over time by degree of
LvH at baseline. Abbreviation:

BL, baseline.

Mean LVMI (g/im?)

LVMI LVMI LVMI LVMI
<100 gfm* 100 to <130 g/m® 130 to <160 g/m® 2160 g/m*

Figure 4. LVMI (mean = B Group 1 = Group 2
SD) by treatment group.

Mean LVMI (g/m’)




Risk ratio
(95% CI)

Besarah et al®! 121 (1.02-1-45)
Foley et al? : 1.33(0-31-5.75)
Furuland et al?3 3 099 (0 61-162)
Lewvin et ald4 0-34 (0-04-3-22)
Parfrey et al®s 0-66 (0-33-1-30)
Drueke et al’3 1.48 (0-87-2.52)
Rossert et al? 0-17 (0-02-1.37)
Singh et al'4 1.45 (D-96-2-19)

Overall : 117 (1-01-135)

T
1
Risk ratio

+ >
Increased risk in lower target  Increased risk in higher target

—

Figure 2: Risk of all-cause mortality in the higher haemoglobin target group compared with the lower

haemoglobin target group (fixed effects analysis)
The Roger et al trial* is not reported because there were no deaths in either group.

Phrommintikul A. et al. Lancet 2007, 369:381-388




Risk ratio
(95% Cl)

Besarab et al?? 0-97 (0-64-1-47)
Roger et al® 1.07 (0-07-16-75)

Liswin ot al?4 0-34 (0-01-8-26)

Parfrey et al®® 1-77 (0-52-6-00)

Drueke et alld 0-94 (0-46~-1-91)

Rossert et al7 1000 (0-14-7-03)

Singh et al*4 0-90 (0-48-1-69)

Owerall 0-98 (0-73-1-31)

[
1

Risk ratio
“+ >
Increased risk in lower target  Increased risk in higher target

Figure 3: Risk of myocardial infarction in the higher haemoglobin target group compared with the lower
haemoglobin target group (fixed effects analysis)
Phrommintikul A. et al. Lancet 2007, 369:381-388




Risk ratio

(95% Cl) Weight (%)

Roger et al?® - 0:53 (0-10-2-83) 2-2

Parfrey et al’5 111 (0-90-1-35) 607

Drueke et alld 1.62 (114-2-02) 27

Rossert et al’7 213 (0.94-4-81) 4.4

1-27 (1-08-1.50)

1

Risk ratio
< >
Increased risk in lower target Increased risk in higher target

Figure 4: Risk of poorly controlled blood pressure in the higher haemoglobin target group compared with the
lower haemoglobin target group (fixed effects analysis)

Phrommintikul A. et al. Lancet 2007, 369:381-388



Risk ratio
(95% C1) Weight (%)

Besarab et al®* 1:37(117-1.61) 753

Foley et al?? ;~ 0-60 (0-23-157) 43

Furuland et al?? 202 (0-53-7 66) 1-4

Levin et all4 3-33(0-15-71-90)

Parfrey et al’3 : 1-27 {D-84-1.90)

Drueke et al®3 : 1.31 (0 56-3 09)

Overall & 134 (116-1.54)

1

Risk ratio
- >
Increased risk in lower target  Increased risk in higher rarget

Figure 5: Risk of arteriovenous access thrombosis in the higher haemoglobin target group compared with the
lower haemoglobin target group (fixed effects analysis)

Phrommintikul A. et al. Lancet 2007, 369:381-388




Optimal target Hb — a public debate

Phrommintikul A, Haas SJ, Elisk M et al.: Mortality and target haemoglobin
concentrations in anaemic patients with chronic kid ney disease treated with
erythropoietin: a meta-analysis. Lancet 369, 2007

Strippoli GF, Tognoni G, Navanethan SD, Nicolucci A , Craig JC. Lancet 369, 2007

Haemoglobin targets: we were wrong, time to move on

Onthe basis of the existing published trials, summarised  this because of the rights of patients, and the credibility
by Phrormmintikul and colleagues, *we contend that more  of the scientific nephrological community, after such a
trials of haemoglobin target concentrations in patients  long histe . of contradictions. TJJLqLu_'itluﬂ_l:LL-l:tu-ﬂ_
with chronic kidney disease are nolonger requined, should SRR =
be stopped, or at least it should be made fully and publichy
eplidt what reasons grant their continuation. We say




High haemoglobin
(n/N)

Low haemoglobin
(n/N)

RR
(95% Ci)

CHOIR® 125/715
CREATE’ 58/301
Besarab et al® 202/618

Overall 385/1634

Test for heterogeneity: =011, df=2 (p=0-95), I'=0%
Test for overall effect: Z=3.30 (p=0.0010)

971717
471302
164/615

308/1632

1.29 (1-01-1-64)
1.24 (0-87-1-76)
1-23(1-03-1:46)

1-25 (1-09-1-42)

r L]

01 02

L]

05

1 s

Relative risk

Favours high haemoglobin Favours low haemoglobin

Figure: Effects of different haemoglobin target concentrations on serious cardiovascular events
RR=relative risk.

Strippoli G.F. et al. Lancet 2007, 369:346-350




Factors influencing anemia treatment

! \ AT = Adjuvant therapy

Dlysis adequacy ‘
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N Eng J Med., 1998, 339, 584-590







Treatment initiation and target Hb levels
for epoetin beta therapy in the CREATE trial

Early intervention

A TARGET Hb:13-15 g/d|
=

Late intervention

»
Inclusion TARGET Hb: 10.5-11.5

Hb 11-12.5 g/dl
CrCl 15-35 ml/min

T
o)
=
8
0
o)
o
=
b
@©
X

Time or creatinine




Group 1: Hb target 13-15 g/dL
Group 2: Hb target 10.5-11.5 g/dL
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Events: 31 vs 21
Log rank test: p=0.20

Group 1: Hb target 13-15 g/dL
Group 2: Hb target 10.5-11.5 g/dL

o2

18 24 30 36
Study month

271 235 187 128
280 253 201 140
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Locatelli et al. Nephrol Dial Transplant 2004;19(Suppl 2):1-43




NKF-K/DOQI AJKD 2006; 47(Suppl3): S11-145




CURRENTLY INCONCLUSIVE EVIDENCE
FOR A SPECIFIC UPPER HAEMOGLOBIN LIMIT







Absolute and functional iron deficiency

Deficit of total body iron store
Ferritin < 100 pg/l

Failure of iron to reach proliferating erythroblasts
despite sufficient iron stores
Ferritin > 100 ug/I
TSF < 20%




Target levels of iron parameters
In HD patients

Recommendations

Ferritin [ug/I] 200-500 100-800
Transferrin saturation [%] 30-40 20-50

Proportion of hypochromic < 2.5 <10
red blood cells [%0]




lron Substitution

Intravenous iron substitution is mandatory due to the unavoidable
blood losses in hemodialysis patients (1-4 | blood/year).

HD patients should receive at least one I.v. iron administration
every two weeks.

Continuous high dose i.v. iron therapy (Ferritin > 1000 pg/L) could
result in neutrophil inhibition.

The higher the administered i.v. iron dose the slower the
administration rate.




Infection and Iron Sucrose
North American Clinical Trial and USRDS

Hospitalization for Infection
per 1,000 FPatient Years

400 -
350 - Relative Risk = 226442

054, p=000]
300 -

=510 5
1500 1 -
107

LSRES Tron Sucrose

Aranoff, ot al. lren Sucrosc in Homad nly=sm Paticnis: Safcily and CHicacy of Inen Boplicomeoni and Maintonance Therapy . Sobmidicd.

UE. Renal Oala Sy=tom, USR0S 1999 Annual Oals Re porl, p92.
U5, Renal Oxa Sy=tom, USR0S 2002 Annoal Oala Repart: Atles of Cnd-Siage Renpal O mca=s in the Uniod Sisies




Hemodialysis quality / quantity

Impact of dialysis fluid on EPO dose

100
90 31% difference in EPO dose
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Group I: Group II:
Ultrapure dialysis fluid Standard dialysis fluid

Sitter T et al., NDT 2000;15:1207-1211 .




Inflammation — Impact on anemia treatment

Influence of CRP concentration on EPO dose
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30-50% of CKD patients have serological evidence of
an activated inflammatory response (CRP > 8-10 mg/l).

138.7 — 34% difference in EPO dose

92

Group I: Group I
CRP 10 mg/l CRP < 10 mg/l

Stenvinkel P, NDT 2002;17 Suppl 5:32-37.
Nitta K, Acta Haematol 2002:108:168-170.
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Infection

Iron supplementation should be stopped during documented
Infection since intravenous iron may also inhance bacterial
growth.

Patients with CRP > 20 mg/l should be screened for silent
Infection of hemodialysis access grafts (visual control), paradontal
disease or any low grade infection (diabetic foot

ulcera).

Elderly patients should be screened for urinary tract infection
when Epoetin requirements increase.
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The New England
Journal of Medicine

Copyrighe & 2002 by rhe Massachuserrs Medical Sociery

VOLUME 346

Fepruary 14, 2002

NUMBER 7

PURE RED-CELL APLASIA AND ANTIERYTHROPOIETIN ANTIBODIES
IN PATIENTS TREATED WITH RECOMBINANT ERYTHROPOIETIN

MNicoLE CasapevaLL, M.D., JoeELLE NaTaF, M.D., BEaTrICE VIRON, M.D., AMIR KoLTa, M.D.,
Jean-Jacoues KiLapaian, M.D., PHiLIPPE MaRrTIN-DuronNT, M.D., PaTricKk MicHavuD, M.D., THomas Paro, M.D.,

VaLEriEE Uco, M.D.,

ABSTRACT

Background Within a period of three years, we
identified 13 patients in whom pure red-cell aplasia
developed during treatment with recombinant human
erythropoietin (epoetin). We investigated whether
there was an immunoclogic basis for the anemia in
these patients.

Methods Serum samples from the 13 patients with
pure red-cell aplasia were tested for neutralizing an-
tibodies that could inhibit erythroid-colony forma-
tion by normal bone marrow cells in vitro. The pres-
ence of antierythropoietin antibodies was identified
by means of binding assays with the use of radiola-
beled intact, deglycosylated, or denatured epoetin.

IRENE TEYSSANDIER, B.S., BrRunO VARET, M.D., AND PaTRICK MAYEUX, PH.D.

level of ervthropoiesis, as evidenced by the presence
of ervthroblasts in the bone marrow and reticulo-
cvres in the blood.

The gene for human ervthropoictin was cloned in
19853+ and recombinant human ervthropoicerin (epo-
ctin) was approved for marketing in France in 1988
tor the treatment of anemia in parients undergoing
dialysis for chronic renal failure. Endogenous erythro-
poictin is a heavily glycosylated protein, and glycosy-
lation is essential for its biologic activity. Endogenous
erythropoicetin and epoctin have different patterns of
glvcosylation, which involve primarily the sialic acid
composition of oligosaccharide groups. Epoctin alfa



Il Epoetin alfa associated cases (outside the USA)
IR Epoetin alfa associated cases (within the USA)

1997 1988 1899 2000 2001 Report Repost Report Report
: 30402 31702 31.10.02 31.12.02
Cumulative number, Medwatch Johnson & Johnson
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Concomitant Therapy

Drugs possibly affecting Hb levels in HD patients

Azathioprine
MMF
Antimetabolites

NSAIDs

Anti-TNF-alpha
Anticytokine Therapy

Talidomide

ACE-Inhibitors
Angiotensin-1l blockers

Statins




Summary

Approach

Findings

Gene therapy

Peptide EPO mimetics

Non-peptide EPO mimetics

Modulators of receptor activity

- Increased EPO and haematocrit levels in
recipient mice

- High variability

- Agonist peptide family
- Inferior activity to epoetin
- Large molecular size

. Small molecular size
- Low activity

- Inhibitors of haematopoietic cell phosphatase




Summary

Approach Findings

Synthetic Erythropoiesis Protein - Synthetic protein—polymer construct
(SEP) . Longer half-life than epoetin

Darbepoetin alfa - Hyperglycosylated molecule

- Amino acid sequence of epoetin alfa altered to
create carbohydrate attachment sites

- Longer half-life than epoetin

and then . . .

Continuous Erythropoiesis - Innovative erythropoietic agent
Receptor Activator (CERA) . Unique receptor binding characteristics
- Longer half-life than epoetin




Haematocrit vs
Erythropoietin Level
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Revised European Best Practice Guidelines for the Man

Anaemia in Patients with Chronic Renal Failure

Guideline I.1: Which patients should be evaluated
and when should work-up begin?

Recommendation

[. All patients with chronic anaemia associated with
chronic Kidney disease (CKD) should be investigated for
possible treatment, irrespective of the stage of Kidney
disease and requirement for renal replacement therapy.

A work-up for a diagnosis of anaemia should be
considered in patients with CKD when haemoglobin
(Hb) concentration falls below the mean -2SD (i.e.
<95%) Hb level of the normal population, adjusted for
age and sex:

e <11.5¢g/dl in adult female patients

e <13.5¢g/dl in adult male patients

e <12.0¢g/dl in adult male patients aged >70 years.
(Evidence level B)

Nephrol Dial Transplant, 2004, 19 (suppl 2), iil1-ii44

agement of






Revised European Best Practice Guidelines for the Man  agement of
Anaemia in Patients with Chronic Renal Failure

Nephrol Dial Transplant, 2004, 19 (suppl 2), iil1-ii44



Revised European Best Practice Guidelines for the Man  agement of
Anaemia in Patients with Chronic Renal Failure

Nephrol Dial Transplant, 2004, 19 (suppl 2), iil1-ii44
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Revised European Best Practice Guidelines for the Man  agement of
Anaemia in Patients with Chronic Renal Failure

Nephrol Dial Transplant, 2004, 19 (suppl 2), iil1-ii44



Patlent allocation

Randomised patients
n=173

1 x weekly 3 X weekly
n =34 n =89

_ % % |
69 | 65 |



Mean (SD) change over time: haematocrit
per protocol analysis

+

Locatelliet al. Am J Kidney Dis 2002, 40, 1: 119-125



Mean (SD) change over time: epoetin beta dose
per protocol analysis

Locatellietal. Am J Kidney Dis 2002, 40, 1: 119-125



Am J Kidney Dis .40, 1
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CERA: Ferritin and TSAT Levels

1x/4wk SC schedule, extension period

TI Il




The Normal Hematocrit Tral

Limitations and criticisms of the study

Entry criteria required “high — risk cardiac patient s”
Increased mortality not due to the higher Hct per se
Hct measured prior to HD session

Hct less accurate marker of red cell mass than Hb

Increased mortality not due to CV causes

Macdougall IC and Ritz E, Nephrol Dial Transplant 19  98; 13: 3030
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Recommendations

Absolute iron deficiency

Maintenance phase

Hb correction phase



concearntration

L'

To achizve and maintain target
11 g/dl = hazmatocrit 33 %) sufficient iron snould be
administerad to optaun the following in all patient 3

s serurmn ferritin 2 100 ry/l

»  hypochromic rad cells < 10% (or TSAT > 20-30% or Crlr > 2
In praciice, to achizve e rninirmurn criteriz for Flo
concantration It s nacassary o nave:

»sarum ferritin 200-500  ny/l

» hyvochromic rad cells < 2.5% (or TSAT of 30-40% or CrHIr

9 ng/ml)



CJruJLen[l y aissociaied witn popoor

Already oresent in 40% pailents at
the start of dialysis therapy
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STAT
HCP

STAT

HCP HCP inhibitor




AF37702 (Hematide™)
Pegylated Peptide-Based Erythropoiesis-Stimulating A gent (ESA)

Woodburn KW, et al. ASH 2004. Abstract 2904 http://clinicaloptions.com/onco
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Josef Coresh, Lesley A. Stevens and Andrew S. Levey
Nephrol Dial Transplant (2008) 23: 1122-1125
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JF Mann et al. Lancet 2008; 372: 547-53
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JF Mann et al. Lancet 2008; 372: 547-53



Nakao N. et al. Lancet 2003; 361: 117-24
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Kunz R, Wolbers M, Mann J. Lancet. 371, 2008
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Talmor Y et al. Eur J Clin Invest, 2008; 38: 548-554
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Strippoli G et al. BMJ
2008;336;645-651



A significant
(approximately 20%)

reduction

In the risk of
cardiovascular
mortality

Strippoli G et al. BMJ 2008;336;645-651
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Nephrol Dial Transplant, 2004, 19 (suppl 2), ii1-ii44
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Nephrol Dial Transplant, 2004, 19 (suppl 2), ii1-ii44
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Cardiovascular disease mortality

Female



Strategies for treating reng
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Uremic cardiomiopathy: an inadequate LVH
Hematocrit and LV cavity diameter

5
— ®
29 R N =57
2 E ® N
s © o0 r=-0.62
cg 4 N N
S L ® Caoee o P < 0.001
o o o0 ° o, o
= O S G o0 o
RS e®®3 ® o
U% 3 o o? °°,
S S o .
3 o

10 20 30 40 50

London GM et al. Kidney Int 1987, 31: 973 - 80
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DOQI 1997 K/DOQI 2001 K/DOQI 2006
EBPG 1999 EBPG 2004
CARI 2000 CARI 2003

CSN-Canada 1999 UK 2002



| (
5 Y% 10
0 3
l3%5].

O ’ i'k)






o>

o —

o

N

# 8

8_ nn IIIJH( 9

.
-

8-

F-

9

1G

)
B

(]

—_

5

G









Hemoglobin Level Variability:
Associations with Mortality

Gilbertson D. et al. Clin. J. Am Soc. Nephrol., 2008 ;3: 13  3-138



Hemoglobin Level Variability:
Associations with Mortality

Gilbertson D. et al. Clin. J. Am. Soc. Nephrol., 2008 ;3: 13 3-138



Hemoglobin Level Variability:
Associations with Mortality

Gilbertson D. et al. Clin. J. Am. Soc. Nephrol., 2008;3: 13 3-138



. KDOQI 2007 “Hb target update”

(Clinical Practice RECOMMENDATION)

(Clinical Practice RECOMMENDATION)

(Clinical Practice GUIDELINE - MODERATELY
STRONG EVIDENCE)



Comparison of CREATE and CHOIR

Males

CREATE

: Cross-sectional study in the US
CHOIR (NHANES I11)

CREATE 0 baseline CHOIR 0 baseline
Low arm High arm Low arm High arm
Age
DM as cause of CKD

Hypertension as cause of
CKD

BP systolic
BP diastolic
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