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Bio-Ker Biodrugs in the market

Gruppo MultiMedica
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Business intelligence

No. | FPrevious Class of Products 2008 sales | 2007 sales Selected Branded Products
[ (US$ bln.) | (USS bin.)
1 2 Anti-THF Antibodies 16.36 12,098 Enbrel, RBemicade, Humira, Cimzia
2 1 Major Cancer Antibodies 15.59 15.74 Rituxan,/MabThera, Herceptin, Avastin,
Erbitux, Vectibix
3 4 Insulin and Insulin Analogs 10,940 11.149 Humalog, Humulin, Lantus, Levemir,
Movorapid, Actrapid, Novolin
4 3 Erythropoietins 10,05 11.82 Aranesp, Procrit Eprex, Epogen, Neo-
Recormon, ESPD, Dynepo, Binocrit
5 g Interferon beta 5.35 5.35 Avonex, Rebif, Betaferon [ Betaseron
L] 7 G-CSF 5.18 4.82 Meulasta, Neupogen, Neutrogin, GRAN
7 5 Rec. Coagulation Factors 4,04 5.30 Movoseven, Kogenate, Helixate, Retacto,
Advate, Recombinate, Benefix
B 10 Enzyme Replacement 2.80 2.20 Cerezyme, Fabrazyme, Aldurazyme,
Myozyme, Replagal, Naglazyme, Elaprase
g g Human Growth Hormone 2.68 2.77 Genotropin, Norditropin, Humatrope,
Nutropin, Saizen, Serostim, Omnitrope
10 g Interferon alpha 2.56 2.74 Pegasys, Peg-Intron, Intron A
11 11 Ophthalmic Antibody 1.76 1.36 Lucentis
12 13 Antiviral antibody 1.23 = 1,13 Synagis
13 12 Follicle Stimulating Hormone 1.16 e 1,28 Gonal-f, Puregon/Fellistim
Total: 80.56 78.86




* Bio-Ker Protein drugs

Gruppo MultiMedica

> great Instability
ol ‘._‘_.v

' -'fl . . . .
> re|ative|y short half-lives, easily eliminated

wide tissue distribution
potential for immmunogenicity
usually frequent dosing is required

complicated dosing regimens




e Bio-Ker Advances in Biodrugs

pP*Betterspecificit
» Therapeutic efficacy improvement

u » Bioavailability increase & better PK

l » Less toxicity & immunogenicity

\u\ > Lower costs




 Bio-Ker Protein PEGylation

Gruppo MultiMedica

?- /le the covalent attachment of polyethylene
3 to proteins.

HO- [ CH,-CH,-O- JH
W o

/ N
[ . . 5 Ethylene Number of
ghemlcal ly inert and non-toxic ool £ EGoroups
. group (up to 1,000)
n

on immunogenic

lapproved by Health Authorities (e.g. FDA, EMEA)
w2 highly soluble in water and many organic solvents
» lNeadily cleared from the body

/




* Bio-Ker Why PEGylate Proteins?

Gruppo MultiMedic:

m\‘ !/

Smprovesstability and solubility

Reduce immunogenicity and proteolysis

Slow clearance from the body, less frequent dosing
Improve clinical effects
Prolong patent protection

More competitive in market with an increase
commercial opportunity

PEGylated proteins are marketed since 1990




Bio-Ker PEGylated Protein in the Market

Gruppo MultiMedica

SOMAVERT
(pegvsomant for inection)
§ F B % Neulasta®
P E G A S Y S (pegfilgrastim)

[Peainterferon {}ht{]-?(l] FOR INJECTON

cimzia PECINTREAN:

-

ol
PEGylated proteins are already on the market and more than 40
are currently under development

.--"'!f.
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Bio-Ker

Gruppo MultiMedica

PEG—adenosine
deaminase

PEGyalted Proteins in the Market

Adagen

1990

SCID

Enzon

G-asparaginase &

Oncaspar

1994

Hepatocellular
carcinoma

Enzon

PEG-alpha-interferon 2b

PEG-Intron

2000

Hepatitis

Schering P

G-alpha-interferon 2a

PEGASYS

200172002

Hepatitis

Roche

PEG-hGR

Pegvisomant

2002

Acromegaly

Pfizer

EG-filgrastim

Neulasta

2002

Chemotherapy-
induced neutropenia

Amgen

EG-anti-TNF Fab

CIMZIA

2008

Rheumatoid arthritis

ucB

CERA

2008

Chronic renal anaemia

p
' P%S—erythropoietin




- Impact of Pegylation on PK,
DIOST Efficacy and Safet

_ﬁ’%\ !/
» Increasing In size above limit of glomerular filtration

t;ferem‘;—e with interactions of PEG chains with

specific receptors (adds steric hindrance, reduce

uproteolysis)

> Masking specific amino acids sequences which are
>ellular receptors (decrease biological activity)

\éi/tasking of antigenic sites (reduce immunogenicity
nd toxicity)

/




Bio-Ker Protein PEGylation 10

Gruppo MultiMedica

T—
Reactive
CH3—O- [ CH2‘CH2'O' ] group
o N
Terminal \ R
group Ethylene Number conijjoration
glycol (EG) of EG ’
aEiin groups

PEG

Different MW
Linear
Branched

(& I linker

Different size and composition

Lin=ar PEG-Z2H H=[CCH2CH4)~ OH . q
Functional reactive groups
Lingar m-PEG-CH CHg=[DCH; CHh= OH Selectivity (site specific reaction)
. Labile bound/linkage
Eranched m-FEG, mrEE-0-E-N,
m o
M-PEGmOmCmN=(CHz,  OH
a M

Structural formulae of polyethylene glycol [PEG)
mglecules, M-PES, monomathoxy-FEG.

Method for the activation of PEG molecules. A | Cyanuric chicride mathod.
B | Avariation on the cyaruric chloride method. Ca | Polysthylene dycol (PEG-succinimidyl
succinate mathod. Chb | Substitution of the succinate residue by glutarate. Ge | Substitution of
the diphatic ester in Ca by an amide bend. D | Imidaz oyl formiate method. E and F | Varations
uzing phanylcarbonatas of PEG. G | Succinimichd carbonatas of PEG. H | Succinimidyl active
aster of PEG.



€ Bio-Ker Protein PEGylation of Biodrugs

Gruppo MultiMedica

—

et

> ~gemeration produces site specific mono-PEGylated
products (SH, N-terminal, etc.)

> Pdleeds of accurate purification process due to the large
Impurity amount (non specific PEGylation by-products)

. Enzymatic
Can be a simple technolgy
Site specific monoPEGylation
The PEGylation is site-selective due both to specific
aminoacid (and sequence) and structural conformation
Low impurity content and high yield

3. Mutant protein PEGylation




£ Bio-Ker Chemical PEGylation

Gruppo MultiMedica

&

» PEGse@ntains a chemical group reactive toward protein.

9 Primagy'focus for conjugation has been the N-terminal an
Lys side chain amino groups.

Potential for a large number of positional isomers.

Historically, PEGylation results in a heterogenous mixture
of PEGylation products.

More recently site specific PEGylation have been
developed




Bio-Ker Typlcal reactive amino 13
Gruppo MultiMedica . . B . . . - |a-“0n

Lysine Aspartic acid
Cysteine Glutamic acid
Histidine [ Serine
Arginine e ™, Threonine
Tyrosine Carboxy pEETlﬁtif'ﬁ'

M .

i ——_

'/Thlnl F'EG',rIatmn —r/ _T& \ .f N-terminal \

PEGylation

;EEQ lﬂ!lﬂn . ”‘x. /
l “Site-speeific |

/,

| Site speeifit |

e
S

.Q‘n\lne Fi"Ev|‘5'|,|I'IE|t||:|||‘/I



Bio-Ker PEGylation effect on PK & PD 14

Gruppo MultiMedica

Comparison between PK and PD PEGylated and the native protein

PEGylated-drugs PK FD

Halt-life (1,2 (h) fn vitro activity
Parent drug  PEGylated % Activity Species
(i) (hy  drug (ty) (h) retained

PEG-arginine deiminase 2.8 S0 48 rals
PEG-Catalase / 0 95 mice
PEG-Methioninase 2 Eh Fi primates
PEG-Superoxide dismutase .01 I8 51 mice
PEG-Uricase 3 72 fiX} human
PEG-Tricosanthin 3.3 8.3 4 rats
PEG-Lysostaphin 5 >»25 57 mice
PLECG-GCSE L& 7 41 rats
PEG-1FN-x2a .7 51 7 mice
PEG-1FN-[}1a {1 a0 i3 At rils
PEG-IFN-[ih i .3 S0 rats
PEG-1LG (.03 4N 51 rats
PEG-TMFo o7 L7 M) rils
PEG-Calcitonin 334 f5.4 St rats
PEG-GILP O T T mice
PLEG-h(iH (34 1 24 rats
Fab™Fragment i LIS fioe) rits
PEGvisomant {256} fi 22 rals
Ant-VEGE RNA aptamer 24 b 25 primites

Adapted from C.S. Fishburn J. Pharm. Sci. 2008



Gruppo MultiMedica

Bio-Ker. Random and selective protein PEGylation

15

Raradeats

PEGyisted prodoim

ACive sn:‘-r.J-

reciamn e e
. . o

Salpetivaly
PEGylated prodein

PEIz chain

Advantage

Easy approach

Good yield
Disadvantages
Reduced activities
Difficult purification
Difficult characterization
Low reprocibility

Advantage
High residual activity

Easy characterization
Good reproducibility
Disadvantages

Not always feasible
High expertize

Low yield (not general)

:-I.'\.I._. |_-'|:.| |'r\.-|-||. r-'\-|'l.'5|. |-|-|"\-'\-|'iI‘|.|$




Relative Absorbance 214 nm

Bic Ko a-Interferon heterogeneity by random
Gruppo MultiMiedica amino PEGylation

16

Peak #

-

Proteolytic Enzyme Pegylation Site Relative Chromatographic
Biloactivity Area %
B
Mat Done Di-peg?:‘g:r:;—r:gwrrr:ixtme 7% 3.6%
Trypsinreduced K 13% 5.7%
Trypsin e 25% 1.3%
Trypsin K'= 32% 1.5%
Mot Done To be determined To be determined 1.1%
Subtilisin H* 37% 47 8%
Trypsin/V-8/Subtilisin ' 23% 0.8%
| 13 a9
T’E'r"j';'jg:i:'ﬂ I e 6.9%
Trypsin/V-8 K™ 9% 7.3%
Trypsin/V-8 K* 8% 3.6%
Subtilisin H 22% 0.9%
V-8 K" 13% 4.5%
Subtilisin g' K 14% 1.1%
Trypsin/'v-8 c' 1% 13.2%
Mot Done Non pegylated IFN-cey 100%: 0.7%

2
3
L] 4
e 1 5
lh.:_' [
nlq.-:. 7
l:l'ﬂ\-: 8A
s & 8B
B a
10
11
12
13
14
15
14
=
& 12
5 Lo 1%
u'\\ , affee) A\
k|
4
e

Retention Timie {milo)

is

- B

A I A TR A= S Al A e

Démonstration of process reproducibility and robustness




Bio_K. Site specific chemical PEGylation to 17
e met-G-CSF-Cys?8 by PEG-OPSS

PEG-OPSS
MPEG-orthopyridyldisulfide

— RP-HPLC chromatography —

A D

G-CEF nat
(3-C5F nat

v

! -ZSF-OPSS
|

A I\“_JJ

C D

G-C5F nat (3-C5F nat

Aggregation (%)

175 atd 1 2 3 4 o f 7

100 T T T T

10 .
time (h)

—8— PEG-GCSF 37°C —— GCSF 37°C
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Bio-Ker|  Bjoinformatics and therapeutic proteins

Gruppo MultiMedica

potency _ .
v %‘B}'ﬁ:ﬁ L/ = Bioinformatics and molecular design
ooy H'I ol Vg to improve the therapeutic proteins:

o
I'l,_ -ql\.'- —n& .'II
'\-\.x L] -_.-"

o
""\-\.\_\___ _::_ B




. Site specific PEGylation on 19
Bio-Ker .
i deniacis mutated protein MRS

N-terminal 20K PEG Three 5K PEG
Neulasta® MAXY-G34 MAXY-G34 Backbone

Variant Human G-CSF

AA16 Lys -> Arg
AA34 Lys -> Arg
AA40 Lys -> Arg
AA105 Thr -=> Lys
AA159 Ser -= Lys

Company presentation



fB.i.q.r.K?r Enzymatic PEGylation

eir % tional groups for enzymatic site
Specit j jugation with PEG.

_ e nsgluaminage (T Gase)
» Protein (GIn*) with Peg NH,
. Wein (Lys*-NH,) with Z-GIn-Gly-PEG

» '@glycosylation with N-acetylgalactosaminyltransferase (GalNAc-T2) and
/| PEGylation with sialyltransferase (ST6GalNAc-I)

ep 1) O- glycosylation, Protein (Ser*-OH) or (Thr*-OH) with UDP-GalNACc;
step 2)iSialyl PEGylation, Protein Ser*/Thr*-GalNAc with CMP-PEG;

4




' Bio-Ker

Grup

Protein PEGylation via
po MultiViedica Transglutaminase reaction

X

Protein + <

J

MPEG- linker-NH, memm)p  MPEG-linker-(GIn¥)-protien

-

MW 5 to 60kDa, Microbial TGase
linear or branched

| Z-GIn-Gly-linker -MPEG msmmp- mPEG-linker-Gly-GlIn-(LysY-) Protein
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Bio-Ker GlycoPEGylation strategies

Gruppo MultiMedica

Slte- .
the

f-\ ) glycosylatlon and subsequent PEGylation at
§ “site with sialyltransferase.

NEOSE'

Site-specific GalNAc
O-glycosylathon

SialylPEGY|ation

Il-h.. e - -

\S;%tive addition of GalNAc, using the enzyme polypeptide N-acetyl-galactosaminyl-
tranSferase (GalNAc-T2) with UDP-GalNAc substrate, to a nonglycosylated

recomblnant polypeptides containing a single, natural unutilized O-glycosylation sites
(cﬁnge) serine (S) or threonine (T), followed by PEGylation with Sialyc Acid —PEG
P-PEG) using a sialyltransferase (ST6GalNAc-I).

Company presentation



fB.i.OM‘.K?" Development of PEGylated protein

cover

o ' e structure and PEGylation site,
i PEG characteristic,

- Ustabillty,

e« pharmacokinetic profile
u  biological efficacy and duration

» Preclinical and clinical studies
' to be discussed with EMEA through a Scientific Advice

the regulatory requirement will be related to innovation and
case by case defined (new PEGylated proteins, PEGylated
proteins containing an already approved protein moiety,
PEGylated proteins differing from the already approved
ones by the PEG type or by the PEGylation site, biosimilar
PEGylated protein)




E Bio-Ker Drug Substance - Characterization

Gruppo MultiMedica

,«e’ﬂ-x\ ‘fo njugation site identification
N |

» Site-specific  |dentification of the conjugation site
coadgation »» e Exclusion of positional isomers

. _ o Identification of the positional isomers
. jndom multi-

) _ ,,  Characterisation of isomers
ugation e Demonstration of the batch to batch

N | consistency (isomer mixture composition)




e Bio-Ker| Test methods for PEGylated proteins

Gruppo MultiMedica

n-‘w‘w J{ on PEGylated —protein drug substances
N |

> ldentity by SDS PAGE, western blot
> |ldéentity by peptide mapping
4> REGylation site definition (not routine test,
only for API characterization)
» Purity by HPLC, (SEC, IEC. RPC)
- Aggregates
- Deamidates and oxidized
- DIPEGYylated and polyPEGyated
- Residual nonPEGylated protein
PEG-specific identity
Residual PEG
Potency
- Bioassay
- HPLC
Endotoxins
Bioburden







Bio_Ker G-CSF is used primarily to reverse cancer 27

Gruppo MultiViecica chemotherapy-induced neutropenia

K'Oflife-threatening infections, hospitalization, and
IV antibiotics
Emerging data suggest other SEs associated with severe
neutropenia
Primary dose-limiting toxicity
— Chemotherapy dose delays and reductions may
compromise treatment effectiveness

Additional impacts: economic, quality of life

e To develop a sustained-duration form of Filgrastim
which could be administered safely and which would
cover a complete cycle of conventional chemotherapy
with a single injection




Bio—Ker Pegfilgrastim: 20kD-PEGrHu-metG-CSF 28

IS?'Li:|:||:ji| MultidMedica | N e u | a.S t a-

N-terminal PEGyalted G-CSF

PEG filgrastim (neulasta)
e Filgrastim core
20K linear PEG

Attached to N-terminus by
covalent chemistry

resistant to renal loss
Neutrophil-mediated regulation

Company presentation




* Bio-Ker Preclinical data

Gruppo MultiMedica

"Has nojtoxicity problems
Has extended half-life
¢ Produces neutrophilia in normal mice, rats,

and primates

Reverses therapy-induced neutropenia in mice
and primates

, Has a “self-regulating” feature




£ Bio-Ker PEGfilgrastim efficacy

Gruppo MultiMedica

Pegfi xl m clears as neutrophil levels return to normal

A—A ANC o—e Pegfilgrastim 100 pg/kg (n = 46)

000" - 1000
ol ‘.-_‘_.
s = .,Q

100 - 0~o\,\ - 100

.
o\
®

-1

N
A/ .~.\

uoI1eJ1uUs2u0d
WNJas uelpap

.‘.-.~._.- 0.1

| ] | ] ] I I I 0.0l
11 13 15 17 19 21

Day (cycle 1)

Adapted from Holmes FA, et al. Ann Oncol. 2002;13:903-9009.




Bio-Ker PEGfilgrastim efficacy

Gruppo MultiMedica

/-5...‘31 of severe neutropenia (DSN) in cycle 1

M Filgrastim

D 1 S (1.4) _ [Pl et
1.6 (1.1) B No Growth Factor

1 2 4

1.8 (1.4)

2

Misset et al*
U o)

factas, the median DSN was 5 days.

Holmies FA, et al. J Clin Oncol. 2002;20:727-731; Green M, et al. Ann Oncol. 2003;14:29-35. Misset, et al. Ann Oncol.
1999:10:553-560.

*In?ents who received a similar myelosuppressive regimen, but did not receive growth




e Bio-Ker Summary clinical of efficacy

Gruppo MultiMedica
/i jf
A, '

Clinical demonstration of the non inferiority of PEG filgrastim
versus filgrastim in the efficacy with comparative tolerability

_Single cycle administration of pegfilgrastim provides
protection against neutropenic complications comparable
to daily Filgrastim injections

— Tumor type (nonmyeloid)

J — Myelosuppressive chemotherapy regimen

— Patient weight
<N Rate of febrile neutropeniais decreased with pegfilgrastim

* | Fixed dose of 6-mg is effective across a wide range of body
! weights (46-125 kg)

/




Bio-Ker GlycoPEG - GCSF

W ' GeneriX

Gruppo MultiMedica

20K mPEG

Hew Al g
A e
Tgthim ¥ rada iy
Rt
— EH 1Y

AT
L RECEFTOR




Bio-Ker GlYCoPEG — GCSF Phase | study 34

Gruppo MultiMedica

A "\ Bio

—a— 1% uglky GlyIoPEGECEF (n=E)

Pharmacokinetic profile

W&’ GeneriX
—a—E0 ug'hg GlypaoPES-ACEF in=16)
a3
—d— 106 wgilky GlyeaPEE-BEEF (n=18)
——108) wgikg Maulzsa (n=1E]
o 400
E T
g
e
el I %
. Ay [
L \j *-.\l
103 T \

a el 4 re 123 144 138
T Ph armacodynamic effect —&— 75 ugikg GlycoPEG-GCSF {n=8)
CD34+ increase —=— 50 uglkg GlycoPEG-GCSF n=15)
Pharmacodynamic effect = | -2 ugiociyeopes-cesk =g A
ANC increase —m— 50 uglkg GlycoPEG-GCSF (n=15]

—a—100 ugikg GlycoPEG-GCSF (n=15)

{ ‘ ——100 ug'kg Meulasta (n=13)

SO+ (el countiul)

30 4

BAMGC {neutinl)

20 148

0 24 48 T2 55 120 144 158 152 215 240 204 288 32 336 360 384 408 432 45C 480 504
Tima [hr)

T T T T T T T T T T T T T T T T -1 T T
0 M 48 T2 86 120 144 168 132 216 240 284 288 392 338 300 384 408 430 450 430 304
Tima [hr}

Company presentation



BIO-KER

Met-G-CSF- GIn135-PEG20, . (BK0026)




Bio_Ker Structure of met-G-CSF and 36
G PEGylated met-G-CSF

ﬂ\ v/ Neulasta®

"3 '.'I -. » -
Met-G-CSF
@)
/ ]
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Bio-Ker\ . BK0026: enzymatic PEGylation reaction

Gruppo MultiMedica

M-TGase

met-G-CSF + mMPEG-NH,, mmmp- met-G-CSF- GIn1»-PEG

(MW: 20kDa)
PEGylation site

Other glutamines 16

MIPLGPASSLEPQSFLLECLEQVEEIQGDGAALQEELCATYELCHFPEELVLLGHSLGI PWA

] TN DL O T sh 55 &b
H3

H4

Y B

FLSSCPSQALQLAGCLSQLASGLFLYQGLLOQALEGISFELGPTLDTLQLDVADFATT IWQ

5 ol 75 Wb S W ool 5 10 105 WMo s B

A . -'”n RARRARARR
QMEELGMAPALQPTQGAMPAFASAFQRRAGGVLVASHLQSFLEVSYRVLRHLAQP
T 5 e W @ W D 15 W 165 1o B

Met-G-CSF primary sequence




© Bio—Ker th-met-G-CSF GIn135PEG 20K (BK0026)

Gruppo MultiMedica

_.%;-"\\ fReaction and purification scheme

Pegylation with TGase

N-Met-G-CSF + 20K-mPEG-NH, ===l N-Met-G-CSF GInl35- PEG 20K
] =

lon Exchange Chromatography

Gel filtration chromatography

v <
-

Y/ Ultrafiltration




Bio-Ker Drug Substance - Characterization

Gruppo MultiMedica

Analytical Technique | Parameter

. Stﬂ_gural Peptide mapping Primary structure
P characterization MS Molecular weight
SDS-PAGE Molecular hindrance
SE-HPLC Molecular hindrance

ldentity SDS-PAGE/WB Immunological binding
RP-HPLC Hydrophobicity
IE-HPLC Charge

IEF Charge

Purity RP-HPLC Related proteins and
(Product related SE-HPLC residual G-CSF
impurities) IE-HPLC
IEF

(Process related SDS-PAGE Residual PEG
impurities) SDS-PAGE/WB Residual Tgase

Potency NFS60 cell proliferation Biological activity

Quantity SE-HPLC Amount




Bio-Ker. BK0026: enzymatic PEGylation reaction 40

Gruppo MultiMedica

2 Met-G-CSF and 20kDa PEG reaction mixture in the presence
: of M-TGase (SE-HPLC analysis)

- - .
#A008-02
9 00002

=i Start of reaction

—— =

m-G-CSF

4 0p0m1 -

=1 PODED1

End of reaction

BK0026




»

| Aggregates

Bio-Ker

Gruppo MultiMedica

BK0026
sulfoxide

BK0026

41

ldentification and purity evaluation

RP-HPLC
40
BK0026
020 S
Residual
Met-G-CSF

20 mi

SE-HPLC

/ BK0026

Residual
Met-G-CSF
L_ ~

SDS - PAGE analysis

Met-G-CSF
Neulasta®
BK0026




Bio-Ker

Gruppo MultiMedica

Peptide Mapping (RP-HPLC)

BK0026: PEGylation site identification

42

MW Peptide = Peptide sequence
5
1772 125-142 | LGMAPALQPTQGAMPAFA
1 4013 125-163 LGMAPA%LQPTQGAMPAFASAFQRRAGGVLVASHLQSFLE
oo-|
BK0026 ;
50— o -
1 | E = =
1 : % ) %’“ g
1 | { 1 | =]
| s = | -2
1 | = s ,
] Bt = '
- . " REEINE
1 = N JEH g Ex
D:f‘ — = I T I T T
0 10 20 30 40 50
] B = 1 =
] 1 X B = 5 =
1 il | = | P =S
1 | il | =5 |
1 = = | = !
] Er ! =
1 =
I 1 =
1 | Met-G-CSF ;
SO - =
4 1
] |
=31
] |

2]
=

058

B




Bio-Ker; BKO0026: PEGylation site identification 43

Gruppo MultiMedica

B
BK0026 hydrolyzed with

Edman degradation of PEG-peptides

| ;
i; T
G L1
| i |11 Step12°
"‘ Y jlpm} o i . -
: i : o !ié A e |l ! rl WAV
o b ) fdd N1
BK0026 Nl R AT DU el
b | Wl stepate
Fragiyy | | Q4 i (1 R NNy N
& : y k ;:x II {, f:.}.,u Trowd Pt T
J B i Y e
4 Lo !
By I = i

Cl C2 C3C4 Cl1C2 Cc3cC4

"\ C1 = BK0026 not-hydrolyzed
C2 = BK0026 Glu-C hydrolyzed
C3 = self-digested Glu-C

C4 = Glu-C (V8 endoprotease) - | Peptide
' V10 125-142 LGMAPALQPTQGAMPAFA

Peptide sequence

125-163 LGMAPALQPTQGAMPAFASAFQRRAGGVLVASHLQSFLE



Bio_Ker BK0026: PEGylation site identification. 44
suepomunivieds INQ PEGYlation occurs using Gln1s>Asn mutant.

m-TGase
Asn135N-Met-G-CSF + mMPEG-NH, No PEGylation

SE-HPLC analysis

Start After 2 hours



Bio-Ker Preclinical comparative studies:
ppo Multivicdic BK0026 versus Neulasta®

PHARMACOLOGY
In vitro
> biological potency in NFS-60 cell line
» receptor binding assay
» STAT 3 phosphorylation
' In vivo

» pharmacodynamic and pharmacokinetic profiles after repeated
administration at 3 dose levels in neutropenic and non-
J neutropenic rats

TOXICOLOGY
N > single dose toxicity in rats and mice

#— » repeated-dose (100, 300 and 1000 ug/kg/ every 3 days) toxicity
study in rats (4 weeks)

S > l|ocal tolerability study in rabbits
-4

The biological activity of BK0026 was not significantly
different to Neulasta® even If some differences were
present.




Bio-Ker| BK0026 Phase | clinical study design.
Comparative evaluation of pharmacokinetics and pharmacodynamics in male
healthy volunteers after a single dose subcutaneous administration of BK0026
(3 and 6 mg) vs. Neulasta® (6mg).

[

Study site Cross Research SA, Arzo, Switzerland

Study objective To investigate PK profiles and PD effects of BK0026 at two
| dosages in comparison to Neulasta® after single dose
administration

Sample size 24 randomized subjects
Dosage 1 8 subjects receiving BK0026 at 3mg

1st Cohort (2 subjects) +2ndCohort (2 subjects)+3rd Cohort (4
subjects)

Dosage 2 16 subjects treated in cross over with BK0026 and Neulasta® at
6mg 4th Cohort (4 subjects) + 5t Cohort (12 subjects)

End points

Primary - PD effects in term of ANC

Secondary - PD effects in terms of CD34+, PK and safety evaluation

V4




Bio-Ker Phase | preliminary results !

Gruppo MultiMedica

Preliminary pharmacodynamic (ANC) evaluation
Eight healthy volunteers have been treated with a single 3mg dose of BK0026
dark green line) and sixteen healthy volunteers have been treated in cross-over

with a single 6mg dose of BK0026 (light green line) and Neulasta (red line).
,f-'h“‘—l-.‘

ANC levels after BKO026 or Neulasta treatment (Mean + SD)

40

—#—-BK0026 6mg
S T T —#-BK0026 3mg |
—&— Neulasta 6mg

",
™

|

ANCx10%/mcL

Time (days)



Bio-Ker| phase | preliminary results

m\‘ !/

Preliminar afety evaluation

. oIIowmg./dverse events (AEs) were reported.
'f'

Backache or headache of mild intensity were the most frequent
@s these AEs were present in both the BK0026 and Neulasta

Generally the AEs occurred on Day 1 and terminated on the same

x y or by Day 2 or 3
these episodes were judged as being related to the study drug
and are also reported as side effects in the Neulasta leaflet.

| N%cllnlcally relevant changes in laboratory safety parameters
and no clinically relevant modifications of systolic, diastolic

od pressure, heart rate, respiratory rate or body temperature
re reported.




* Bio-Ker BK0026 features

Gruppo MultiMedica

&

> EgstewecOVery of neutropenia.

> Bioil'ugicﬁ'f“half-life more consistent with different
chemotherapy protocols.

uNew compound: new clinical application could be
found.

' New clinical trials for defining the product profile
with different chemotherapic protocols.

G \Competitive cost reduction.




= Bio_Ker.  BK0026 additional study for finalizing

Gruppo MultiMedica

ALY

EMEA Scientifi Advice will clarify the following aspects:

a0 ditional _preclinical studies

o

4 -micological, pharmacodynamic and pharmacokinetic.

q Additional Phase | studies:
- « Additional subjects, full dose response, pharmacokinetic

after iv administration.

E Phase Il study

» Pivotal Phase lll study
\.é\ Paediatric investigations (EC Regulation No 1901/2006)

?fl preclinical and clinical studies will be comparative.




* Bio-Ker BK0026: Key Features.

Gruppo MultiMedica
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> A'different RPEGylation site compared to Neulasta® may result
erent propertles

" atent aectlon

" product free from Amgen IP:

no Neulasta® biosimilars registered before 2015/ 2017.

¥ Innovative biotech product.
important marketing opportunity in supportive oncology
nerapy with very few competitors.
» The full developmental plan for EU and USA will be defined
after EMEA /FDA Scientific Advice / pre IND meeting.




= Bio-Ker The PEGylated proteins

Gruppo MultiMedica

c U JVCIV PDIlAdoC J U C J UC C

ure and PEGylation site, the PEG
| Qharacxgristics, the stability, the biological efficacy

ane@seuration

The developmental plan for both preclincal and
clinical study should be related to the “ innovation
level” of the product

Improve clinical efficacy and safety

Large competence in protein biochemistry and
PEGylation is needed

Prolong patent protection

More competitive compound in the market with a
commercial opportunity




Bio-Ker,  PEGylated proteins are biosimilar ?

Gruppo Multil

2 ated proteins containing an already
_approved protein moiety - no

e

Pegylated proteins differing from the already
approved ones by the PEG (size and or type) or
by the PEGylation site - probably no

PEGylated proteins identical to that already
approved (PEG and PEGylation site) -

Development plan have to be defined case
by case through Scientific Advice




 Bio-Ker Key iIssues on PEGylated protein

Gruppo MultiMedica
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» _amw€moOnstration of non inferiority (or better)

clinicalefficacy
Safety and tolerability equal or better

Possibly reduced immunogenicity

More convenience in drug administration

Price ?
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