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Anaemia and renal insufficiency

& CKD Is a major health issue
@ Anemia Is frequent in those patients

& Anaemia Is a major contributor to the
morbidity of CKD patients

Therefore, the introduction of EPO has been
a major « revolution » for those patients.
There has been before and after EPO...



ERYTHROPOIETIN (EPO): A LARGE
GLYCOPROTEIN

@ Structure :

—165 amino acids
—2 disulfide bonds

—Three N. linked
carbohydrate chains

—One 0.linked
carbohydration

& It Is a large molecule
60% protein and 40%
carbohydrate.
MW 30 000 daltons
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ERYTHROPETIN AND THE NEPHROLOGIST

& Efficient in > 90% of our patients

& Did we have « to pay a price » for such a
drug: Even not...Almost no side effect

Please, Keep in mind that, for a nephrologist EPO1 s
efficient, indispensable, and very safe..| am satis  fied with
the current EPO and will not accept any new side effect

and/or variability in the efficacy



0gist: a love story




& & Immunologists
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& Pharmacists J\ /L & Regulatory

experts
& Others:
- Biochemists
- Hematologists
- Protein...



LES BIOSIMILAIRES ET LE NEPHROLOGUE

& Avantages : Diminuer les couts

B Mais 'EPO n’est gu’'une partie faible des couts

B La baisse ne sera pas celle des géenériques en
raison des couts de fabrication

& Risques : Effets secondaires. Le
néephrologue n'a gu’'une demande, préserver la
sécurité des patients



PROBLEMS ASSOCIATED WITH
BIOEQUIVALENCE STUDIES OF BIOSIMILARS

& Large complicated molecules
& Heterogeneity
& Produced by genetically living cells

& Complex mode of action mediated by large surface
area

& Complicated production and purification
& Relatively instable

& Assays for pharmaceuticals are often difficult to
perform and ambiguous

Schellekens h et al, Nephrol Dialysis Transplantati  on, 20005, 20 (s 4): iv 31-iv 36)
Schellekens H et al, Nature Biotechnology, 2004, 22 : 1357-1359



Potential problems with biosimilars

& Glycosylation
& Contamination
& Changes to three-dimensional stucture

& Other factors potentially affected by the
manufacturing process

B Side chains

B Tertiary and quarternary structure of the
protein product



& Rh EPO : 3 chaines Nob

@ NESP : analogue de rh -HPROagee22Zbhmess
oligosaccharides supplémentaires.

@ NESP : 5 chaines.

& Conseqguences : diminution de la clairance de la
molécule et allongement de la T1/2.




EPO: SAFETY

O\ Other side effects
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& Immunogenicity



Sample Expiration date Concentration Country
(IU/ml)

A April 2004 2.000 Korea
1B April 2004 4.000 Korea
A August 2003 2.000 Korea
1B November 2003 10.000 Korea
A January 2004 2.000 Korea
1B January 2004 10.000 Korea

IV April 2004 2.000 Argentina

Vv July 2003 10.000 Argentina
VI March 2004 4.000 India
VII July 2004 10.000 China
VIl August 2003 China

Schellekens H, Combes C; XLI ERA-EDTA congress, LisborRortugal, May 2004




Potency
EPO STATED Observed in a mice
model
Ul/ml Ul/ml %
|+ 4.000 4.524 113.18
|[** 4.000 4.372 109.30
|1+ 4.000 4.429 110.72
Potency ranged from 68 -119% of
specifications
VII** 4.000 4,772 119.37
VI 4.000 3.817 95.44
X+ 10.000 10.984 109.84
X** 4.000 2.703 67.58
XI** 4.000 4.168 104.21
X1+ 2.000 2.106 105.33

* = N° de ensaios

Schmidt CA et al, Arqg Bras Endocrinol Metab, 2003 independetes



CKD Anaemia

Correlates with Survival

Survival of CKD Patients by Hb Level, n= 3058
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Levin et al, JASN 2002, 280A



EBPG and KDOQI Guidelines
Recommendations for Upper Hb Levels

EBPG!

Upper target Hb concentrations >11 g/dL
should be individualised, taking into account
gender, age, ethnicity, activity

The optimal target Hb concentration may
vary In patients with co-morbid conditions:

— Severe cardiovascular disease — Hb 11-12 g/dL

— Diabetes — Hb 11-12 g/dL
— Chronic hypoxaemic pulmonary disease — higher Hb levels
— Sickle cell disease — maintain haemoglobin S (HbS) £30%

1. Locatelli F, et al. Nephrol Dial Transplant 2004 ; 19(Suppl 2):ii6—ii15
2. NKF-K/DOQI. AJKD 2006; 47(5 Suppl 3):S11-S145



US NORMAL HAEMATOCRIT TRIAL

& Randomized, prospective, open-label, multicentre stu dy
(51 centres)

@ Study design
- 1233 HD pénts (clinical ev%ence of IHD or CHF)

618 patients 615 patients
@& Hct of 42% @& Hct of 30%
(= Hb 14) (= Hb 10)

@ Primary end-points: death or first non-fatal Ml
& Follow-up: 3 years

Besarab et al. NEJM 1998:339:584-90



US Normal Haematocrit Trial - results

After 29 months :

Hct 42% Hct 30%
183 deaths 150 deaths
19 first non-fatal Ml 14 first non-fatal Ml

Study aborted prematurely

Besarab et al. NEJM 1998:339:584-90



CHOIR: Increased Risk with Hb
Correction to 13.5 g/dL in Non-Dialysis
CKD Patients
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Singh AK, et al. N Engl J Med 2006; 355:2085—
2098



New Evidence on the Upper
Hb Target Range




Haemoglobin cycle: series of measured hemoglobin le vels
In an individual patients that oscillated over time ,
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HB CYCLING: A FREQUENT PROBLEM

@ Retrospective study of 281 HD patients
& Cycles with amplitude >1.5 g/dl, duration >8 weeks

@ 90% patients experienced Hb cycling for a mean
duration of 10,3 weeks

3 I\/}(ejian amplitude per Hb excursion was 2.51 +/- 0.89
9

& Mean duration10.3 weeks +/- 5.1 weeks

@ Increases in EPO doses was responsible of cycling
In 84% of patients

Relation probable avec la morbimortalité

Fishbane KI Vol 68 (2005); 1337-1343



ELEVATED ERYTHOPOIETIN RECETOR AND
TRANSFORMING GROWTH FACTOR-BETA1
EXPRESSION IN STENOTIC ARTERIOVENOUS
FISTULAE USED FOR HEMODIALYSIS

@ Fistular segment were obtained from 16
hemodialysed patients

@ 12 had almost occluded or severely narrowed AV
fistulae

@ Combined expression of the erythopoietin
receptor, TGF-betal, PAI-1, cellular fibronectin
containing an extra domain A and TGF-betatl were
assessed

IKEGAYA N et al, J AM Soc Nephrol, 1999; 11: 92-935



ELEVATED ERYTHOPOIETIN RECETOR AND
TRANSFORMING GROWTH FACTOR-BETA1 EXPRESSION IN
STENOTIC ARTERIOVENOUS FISTULAE USED FOR
HEMODIALYSIS

Intima

Access Site EPO-R TGF-B1

Cutaneous veins (n=7) 4.4 +3.5 5.3+2.5

Patient fistulae (n=8) | 20.4+7.6 | 22.4 8.0

Stenotic fistulae (n=7) | 45.3 +20.1| 35.0 +11.2

IKEGAYA N et al, J AM Soc Nephrol, 1999; 11: 92-935



EPO: SAFETY

& Efficacy

N Other side effects
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PURE RED CELL APLASIA (PRCA)

@ IS a severe and rare disease

& Characterised by

- Anaemia without reticulocytes (<5000 / mm?3)

- Platelets } I
- White blood cells norma

- Bone marrow

Normal cellularity
Absence of erythroblasts (< 5 %)

- Serum Epo level is very high

D" HH!



PRCA AND RHU-EPO TREATMENT: WHY THIS
INCREASE IN INCIDENCE ?

@No correlation with the underlying renal disease
& No correlation with HLA
& No changes in medical practice
@ No drugs ...
BUT

& Change in the Eprex formulation in 1998 (HSA was
removed)

@ Decreased stability ? Increased immunogenicity ?



UPSURGE OF PRCA IS CAUSED BY A
FORMULATION CHANGE IN THE EPOETIN
ALFA PRODUCT (EUROPE)

& There is a strong association between PRCA cases
and epoetin alfa

& Cases only in those parts of the world where epoeti n
alfa is used

& Upsurge of cases related to change in formulation:
The human serum albumin stabilizer was replaced
by polysorbate 80 and glycine



EPO: SAFETY

& Efficacy

N Other side effects

N

& Immunogenicity



La vie AUCHAN, la vie au SHU

E. COLI

E. COLI

E. COLI



Schmidt CA et al, Arq Bras Endocrinol Metab, 2003

Amostra Poténcia Limite de Unidades Conclusao
declarada | endotoxinas | Endotoxinas/ml
Ul/ml EU/mI
I 4.000 5.0 0.96 -—1.92 A
[l 4.000 5.0 < 0.06 A
1 4.000 5.0 61.44 — 122.88 R
Y 10.000 12..5 2.4—-4.8 A
V 4.000 5.0 0.48 — 0.96 A
VI 4.000 5.0 0.24 — 0.48 A
Vil 4.000 5.0 9-15.36 R
VIII 4.000 5.0 < 0.06 A
IX 10.000 12.5 0.48 — 0.96 A
X 4.000 5.0 0.24 — 0.48 A
Xl 4.000 5.0 < 0.06 A
Xl 2.000 2.5 490 R
A=Aprovado

R=Reprovado



COMMITTEE FOR HUMAN MEDICINAL PRODUCTS
(CHMP), April 2006.

Guidance on biosimilar medicinal products containing
recombinant erythropoietins

4. Clinical efficacy

@ 2 adequately powered randomised parallel
group clinical trials. Number of patients?

& Double blind to avoid bias is preferred.

& Patients with renal insufficiency
& 6-9 months duration



COMMITTEE FOR HUMAN MEDICINAL PRODUCTS
(CHMP), April 2006.

Guidance on biosimilar medicinal products containing
recombinant erythropoietins

. Clinical safety

Comparative safety data from the efficacy trialsar e
sufficient to provide an adequate pre-marketing saf ety
database.

The applicant should provide at least 12-months
comparative immunogenicity data pre-authorizations.
Retention samples for both correction phase and
maintenance phase studies are recommended. For
detection of anti-epoetin antibodies, a validated, highly
sensitive assay should be used.



WHAT SHOULD we ASK TO THE BIOSIMILARS TO BE
SURE THAT THEY WILL NOT INDUCE PRCA AT A
HIGHER RATE THAN THE EXISTING EPO ?

Do we have a validated, highly sensitive assay?
The incidence of clinical PRCA being 0.29 per 1000
patient-years:

- What are we going to detect with the efficacy
trials (200-400 patients) and a 12 month pre-
marketing safety database?

Nothing



LES PROBLEMES DES PROPOSITIONS DE
L'EMEA

& Des études trop courte sur des cohortes de
patients trop faibles

& Une extrapolation possible a d’autres
pathologies (IRC => cancer)



ISSUES TO BE CONSIDERED WITH CLINICAL
USE OF BIOSIMILARS

@ Post-marketing pharmacovigilance:
B Adverse events are frequently not reported

B The rules for reporting vary from country to
country

¥ Should we ask for a specific
pharmacovigilange program for biosimilars?



ISSUES TO BE CONSIDERED WITH CLINICAL
USE OF BIOSIMILARS

& Post-marketing pharmacovigilance

& Substitution:

¥ Automatic substitution allows for the
dispensing of generic drugs in place of
prescribed innovante drugs by pharmacists

F  Should we allow automatic substitution for
biosimilars?



ISSUES TO BE CONSIDERED WITH CLINICAL
USE OF BIOSIMILARS

& Post-marketing pharmacovigilance

<@ Substitution:
& Tracability:

E The position statement from the EMEA outline that
« In order to support pharmacovigilance monitoring,
the specific medicinal product given to the patient

should be clearly identified »

F Furthermore labeling should note those indication
that are based on extrapolation of data






