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The ideal ESA

Effective
Safe
Flexible administration route

Less frequent administration schedule

Cheap




Currently available ESAs

Recombinant human erythropoietin (rHUEPO)
— Epoetin alfa
— Epoetin beta

" Additional
e carbuhydrﬂte

Long-acting ESAs 4, "V side chans

— Darbepoetin alfa et

* Different molecular structure T 1

* Increased biological activity

- CERA
» Different mechanism of action
 Different molecular structure
* Increased biological activity
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Biochemical and biological properties of
rHUEPO and glycosylation analogs

Serum half-life

Receptor binding
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Egrie JC, Browne JK. Nephrol Dial Transplant. 2001;16(suppl 3):3-13

rHUEPO
3 N-linked carbohydrate chains

Up to 14 sialic acids
30,400 daltons
~40% carbohydrate

4 N-linked carbohydrate chains

® Up to 18 sialic acids

33,750 daltons
~46% carbohydrate

NESP

5 N-linked carbohydrate chains
Up to 22 sialic acids
37,100 daltons

® ~51% carbohydrate




Hb concentrations
at 4-week intervals
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Patient
numbers:

37 35 35 33 34 33 31 rHUEPO
129 128 127 127 123 121 106 77 51 NESP

V/4 V/4
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1 5 9 13 17 21 25 37 49
Study week

Locatelli F et al. Kidney Int 2001; 60: 741-747




Once week epoetin beta in HD
Mean time-adjusted AUC for haematocrit

e Mean [ 90% ClI ]

l o l
-0.56[-1.22, 0.11]

I O I
-0.54 [-1.27, 0.19]

Locatelli et al. Am J Kidney Dis 2002, 40: 119-125
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Time for Hb to return to <12 g/dL
after dose withheld due to Hb >14 g/dL
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@—e rHuEPO (n = 13)
A—A NESP (n = 31)

1
-6 -5-4-3-2-1 01 2 3 45 6 7 8 9 10 11

Weeks since withheld dose

Locatelli F et al. Kidney Int 2001; 60: 741-747




Drug Evaluationg
= |

C.E.R.A.: pharmacodynamics,

pharmacokinetics and efficacy
rin patients with chronic kidney
,disease
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Serum half life of ESAs

Population Mean (* SE)
half-life (h)

IV SC

i Healthy volunteers! 6.81+0.6 19.4 £ 2.5
Epoetin alfa

Epoetin beta Healthy volunteers! 8.8+0.5 2421+ 2.6

Darbepoetin Peritoneal dialysis 25.3+2.2 48.8 £ 5.2

alfa patients?

Healthy volunteers? 133+9.8 137 £ 21.9
C.E.RA.

Peritoneal dialysis 134 £ 19 139 + 20
patients4

1. Halstenson et al. Clin Pharmacol Ther. 1991:50:702-712 3. Dougherty et al. ASCO 2004
2. Macdougall et al. J Am Soc Nephrol. 1999;10:2392-2395 4. Macdougall et al. ASN 2005




Understanding how C.E.R.A.
is different

Receptor binding Pharmacokinetic
properties properties

|

Different pharmacologic profile
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C.E.R.A: Dose independent of schedule
Core study, PP population, n=124 (BA16286)

Mean (SE) change
in Hb (g/dL) at 6 wk

1.5-|

1.0 A

0.5 -

0.0 -

-0.5 -

-1.0 -

1.5 -

Q3w
Administration schedule

Locatelli et al. Curr Med Res Opin 2007;23:969-979




Primary efficacy analysis
C.E.R.A. up to once-monthly as effective as epoetin TIW-QW

Non-inferiority limit:
C.E.R.A. groups vs epoetin

0.004

%31 C.E.R.A. Q2W
-0 Ro——o—0-2234 C.E.R.A. Q2W

00291

ﬁ%‘ -0.213 0.276
e

€ERA. Q4W
-0.220173 0.276

-1.00 -0.75 -0.50 -0.25 0.00 0.25 0.50 0.75 1.00

Difference in adjusted group mean Hb (g/dL) change
between baseline and evaluation (97.5% CI)

P<0.0001 for all comparisons Levin NW et al. Lancet 2007, 370 (9596): 1415-1421




IV C.E.R.A. once- and twice-monthly
maintains stable Hb over one year

Mean (SD) Hb (g/dL)

16 - —=—C.E.R.A. Q2W IV
15 - ——C.E.R.A. QAW IV
—¥— Epoetin TIW-QW IV

14 -
13

!
3 4 5 6 7 8 9 10 11 12 Final visit Months
12 16 20 24 28 32 36 40 44 48 52 Weeks

Levin NW et al. Lancet 2007, 370 (9596): 1415-1421




SC C.E.R.A. once-monthly and twice-

monthly as effective as epoetin 3x/wk
PROTOS: primary efficacy analysis (PP population)

Non-inferiority
lower 97.5% CI limit

: 0'141 I C.E.R.A. 1x/2wk
- 0.098 0.380

- 0,022 C.E.R.A. 1x/4wk

- 0.262 0.217

-1.00 -0.75 -0.50 -0.25 0.00 0.25 050 0.75 1.00

Difference in mean adjusted Hb versus epoetin (g/dL)
P <0.0001 for all comparisons

Sulowicz, Locatelli Clin J Am Soc Nephrol. 2007 Jul;2(4):637-46




Stable Hb maintenance with

once-monthly SC C.E.R.A.
PROTOS: ITT population

Mean (SD) Hb (g/dL)
16 -
15 -

—=— C.E.R.A. 1x/2wk
—&— C.E.R.A. 1x/4wk
—¥— Epoetin 1-3x/wk

7 ! ! ! ! ! ! ! ! ! ! ! !

L T
Months BL 1 2 3 4 5 6 7 8 9 10 11 12 Final visit
Weeks 4 8 12 16 20 24 28 32 36 40 44 48 52

Sulowicz, Locatelli Clin J Am Soc Nephrol. 2007 Jul;2(4):637-46




Mean (SD) Hb (g/dL)
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Months BL 1 2 K] 4 ) 6 Final visit
Weeks

SC C.E.R.A.: Smooth and steady
Hb increase with a high response rate
ARCTOS: ITT population

Response 95% ClI
B C.E.R.A. 1x/2wk rate (%)

Darbepoetin alfa 1x/wk

T

T - C.E.R.A. 1x/2wk 97.5 93.8-99.3
— |

AT 1]
g

s

|4

Darbepoetin 96.3 92.1-98.6
alfa 1x/wk

4 8 12 16 20 24
Macdougall, ... Locatelli et al. Clin J Am Soc Nephrol. 2008 Mar;3(2):337-47



Hb concentrations
during 24-week intervals

Locatelli F et al. Kidney Int 2001; 60: 741- Macdougall, ... Locatelli et al. Clin J Am Soc Nephrol.
747 2008 Mar;3(2):337-47

Mean (SD) Hb (g/dL)
16 -
15 -
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13 -
12 -
11

l C.E.R.A. 1x/2wk

Darbepoetin alfa 1x/wk
e—e rHuEPO

Final visit




Fewer patients exceed Hb 13 g/dL with C.E.R.A.

than with darbepoetin alfa
ARCTOS: ITT population

P <0.0001
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C.E.R.A. 1x/2wk Darbepoetin alfa 1x/wk

*Patients with 21 Hb value >13 g/dL during first 8 weeks
Macdougall, ... Locatelli et al. Clin J Am Soc Nephrol. 2008 Mar;3(2):337-47




Decline in Hb after withholding treatment

Long C.E.R.A. half-life does not affect Hb decline
following dose interruption — pooled analysis of maintenance studies

Mean (SD) Hb (g/dL) -y~ C.E.R.A. Q4W (n=59)

16 —A— Epoetin (QW to TIW) or
darbepoetin alfa (QW or Q2W)

15 i (n=126)

14

13

12

11

10 ] I ] ] I I
2 -1 0 1 2 3 4

Weeks since treatment interruption
(time 0)
Safety populations
Locatelli F. et al Kidney Intern. S. 2008 : Heifets & Dougherty. WCN 2007




Half life comparison
Methoxy polyethylene glycol-epoetin beta’s J§ ** 137 h vs 38 h when given SC

half-life is much longer than that of >~
darbepoetin alfa

A
L _ I
Epoetin Epoetin Darbepoetin  Methoxy polyethlene
alfa beta alfa glycol-epoetin beta

Halstenson. Clin Pharmacol Ther. 1991;50:702
Macdougall. J Am Soc Nephrol. 1999;10:23925
Reigner. Nephrol Dial Transplant. 2003;18(suppl 4):167 Abstract M527




Half life of epoetins

t.. (hours)

Intravenous Subcutaneous

Epoetin alfa 6.8* 19.4*

Epoetin beta 8.8* 24.2*

Darbepoetin alfa f 25.3 48.8

Methoxy polyethylene 130 133
glycol-epoetin beta
Hematide 75 ~80

*Healthy volunteers
TPeritoneal dialysis patients

Halstenson. Clin Pharmacol Ther. 1991;50:702
Macdougall. J Am Soc Nephrol. 1999;10:2392

Reigner. Nephrol Dial Transplant. 2003;18(suppl 4):167. Abstract M527
Woodburn. Blood. 2004;104:2904




MIRACEL.: study objectives

Investigate the efficacy of direct

. . i conversion of HD patients from
Primary objective shorter-acting ESAs to once-monthly

MIRCERA

Assess safety and tolerability of direct

Secondary objective conversion to once-monthly MIRCERA

HD, haemodialysis;
ESAs, erythropoiesis-stimulating agents Fliser et al. Curr Med Res Opin 2010;26:1083-1089




MIRACEL.: study design

@ Prospective, open-label, single-arm, multicentre study

HD patients
stable maintenance
therapy on ESA
(IV or SC)

24 weeks

Once-monthly MIRCERA IV (n=424)

Screening period Titration period Evaluation period

@ Primary end point

— No. patients maintaining Hb targets of 11-12.5 g/dL or 10-13 g/dL
during the evaluation period

IV, intravenous; Hb, haemoglobin;
SC, subcutaneous Fliser et al. Curr Med Res Opin 2010;26:1083-1089




MIRCERA dose conversion schedule

Previous ESA dose MIRCERA

Epoetin Darbepoetin alfa weekly MIRCERA
weekly dose dose once-monthly conversion
(V) ()] dose (ug)

<8000 <40 1252

8000-16000 40-80 200

aAdministered 75 + 50 pug PFS;
Same dose for IV or SC administration Fliser et al. Curr Med Res Opin 2010;26:1083-1089




MIRACEL study:
baseline patient characteristics

Safety population

(n=424)
Male, n (%) 258 (60.8)
Mean (SD) age, years 63.1 (14.7)
Mean (SD) Hb, g/dL 11.7 (0.84)
Diabetes mellitus, n (%) 90 (21.2)
Hypertension, n (%) 311 (73.3)
Mean (SD) time on dialysis, years 4.3 (4.3)

Previous ESA treatment, n (%)
Epoetin alfa 113 (26.7)
Epoetin beta 188 (44.3)
Epoetin delta 5(1.2)
Darbepoetin alfa 118 (27.8)
Previous route of ESA administration, n (%)
IV 336 (79.2)

SC 88 (20.8)

Fliser et al. Curr Med Res Opin 2010;26:1083-1089




Direct conversion to once-monthly MIRCERA
maintains stable Hb levels with consistent dosing

Mean (SD) Hb (g/dL) Median dose of MIRCERA (ng)

14 - I Conversion to MIRCERA

IIVI-2 M-1|M1 M3 M4 M5IM6 M7 M8
|

Screening Titration Evaluation

ITT population (n=416) Fliser et al. Curr Med Res Opin 2010;26:1083-1089




Patients maintained Hb targets during evaluation
regardless of previous ESA therapy

Patients (%) in target ranges?
100 -

61l 5 11.0-12.5 g/dL

10.0-13.0 g/dL
60 -

40 -

20 -

Epoetin Darbepoetin alfa
(n=258) (n=96)
Prior ESA therapy

®Responders ITT population (n=354) Fliser et al. Curr Med Res Opin 2010;26:1083-1089




Patients maintained Hb levels during evaluation
periods

Patients (%) exhibited < or = 1 g/dL change from phase specific individual means

100 -

80 -

60 -

40 -

20 -

82,9

Evalution

Fliser et al. Curr Med Res Opin 2010;26:1083-1089




No more than 2 dose changes in 90% of the
population during the titration period

ITT population
MIRCERA dose changes (n=416)

Any change
Mean = SD 2014
Median (range) 2 (0-5)
Any dose decrease, mean * SD 0.93+1.0
Any dose increase, mean * SD 1.1+1.0

21 dose change 351 (84.4%)

Fliser et al. Curr Med Res Opin 2010;26:1083-1089
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Conclusion

@ Direct conversion from shorter-acting ESAs to once-monthly MIRCERA is
easily achieved

& 82.9% of patients exhibited < or =1 g/dL change from phase specific
individual means during evalution period

No more than 2 dose changes in 90% of the population during the
titration period to maintain Hb levels in target range

MIRCERA was well tolerated
Once-monthly MIRCERA simplifies anaemia management by reducing:

— staffing time for tasks related to ESA administration

— the potential for dosing errors

Fliser et al. Curr Med Res Opin 2010;26:1083-1089;
Sauressig et al. Blood Purif 2008;26:537-546




