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Biotermékek mindseéqgugyi kérdésel
bioanalitika sziksegessége

e Emléekeztetd
Alapfogalmak
Feherjek szerkezete
Szerkezet hatas 6sszefliggés
e A hasonldsag definicioja
Kismolekulak esetén
o Mindségi elbirat
o hattérinformaciok
Biogenerikumok esetén
o Mindségi elbirat
o Hattérinformaciok
Osszehasonlithatosagi tanulmany-Comparability studies
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Protein Characteristics: amino acid characteristics
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Amino Acids

A alanine (ala)

R arginine {arg)

N asparagine (asn)
D aspartic acid (asp)
C cysteine (cys)

Q glutamine {gin)

E glutamic acid (glu)
G glycine (aly)

H histidine (his)

| isoleucine (ile)

L leucine (leu)

K lysine (lys)

M metioneine (met)
F phenyalanine (phe)
P proline (pro)

S serine (ser)

T threonine (thr)

W trytophan (trp)

Y tyrosine (tyr)

http://www.dreamingintechnicolor.com/InfoAndldeas/AminoAcids.gif



Protein Characteristics: amino acid characteristics
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Chemistry of molecular assembly of macromolecules

larger units

SUBUNITS - MACROMOLECULES MACROMOLECULAR
covalent bonds noneovalent bonds ASSEMELIES

(J b
07202
.0, SUGArs, amino acids, ' ,)

and nuclaotidas

[SSS———————
30 nm
a.g., globular proteins

and RNA @.9., ribosome

What basic chemistry is required for preparation of the building
blocks and the macromolecules




Protein Characteristics:, proline

Proline is not an amino but
imino acid

Non-polar, cyclic, resembles
aliphatic AA

Found at the end of helices
and in turns

Both cis and trans are
populated and nearly
iIsoenergetic, isomerization
plays a role in protein folding




Protein Characteristics: amino acids: aromatic

All aromatic AA are;
Non-polar

tyrosine and tryptophan have
hydrophilic properties due to the
presence of respectively their OH ang
NH groups, therefore these AA are
more frequently found on the surface

More frequently found at the interior
where it is part of the hydrophobic

core where pi-stacking between
aromatic rings is strongly stabilizing
the structure

Tyrosine



Protein Characteristics: amino acids: hydrophobic

Valine, leucine, Isoleucine

Non-polar, aliphatic branched
hydrocarbon AA

. Mostly found in the hydrophobic
\Iﬂ interior of a protein

Methionine:

Sulphur containing, sulphur not
highly nucleophilic: generally not
part of active center, in contrast
with cysteine

Sulphur sensitive to oxidation




Protein Characteristics: amino acids: polar

Aspartic acid, glutamic acid

Glutamine

{Gln.QII Polar, negatively charges

-@ In active centers

Y o N '\ ~ Solubility and charge
<I:/° W ' AN \?i \1,9 Can form salt-bridge

HaN Asparagine, Glutamine

- P >:~'='.:-g
0=, 2

f ) : ) : ) %;m Can accept (C=0)and donate
HsM OO + *HzM
. hydrogen bonds (NH2)
et 1t7‘&\}&(:/NH=

o by Found both interior and exterior

cH o e of proteins
+H3N—(E: =00~ B FHaM =L ——CO0~

Polar, non-charged

H H

Glutamate Asparag Glutamine
{Glu, E) {Gln, Q)




Protein Characteristics: amino acids: positively charged

e k) We R s ) Lysine, Arginine
| Polar, positively charged
charged head groups found on the surface

aliphatic side chain is generally within the
hydrophobic core of the protein

Lysyl group:

in active centers: lowering the pka through the
neighbouring residues: e-amino group

becomes nucleophillic

. Hals, N Arginine guanidino group can bind phosphate
NH; G
& b anions, frequently found in active sites of
c:Hz i'm ) M, phosphorylated substrates
I . =
CH; CHs “CH,
*HsM —':l.—r,ocr . H;N—(L—COO" *HsM —J—coo -
H H H

Lysine Arginine Histidine
(Lys, K} (Arg. R) (His, H)




Protein Characteristics: amino acids: positively charged

Histidine

Imidazole group pka of 6,
deprotonated: imidazole nucleophilic,

protonated: imidazole is an acid

In enzymatic reaction,:
low-barrier (or short-strong) hydrogen bond in
catalysis

and can stabilize the fold of a protein:
charge, hydrophobic /aromatic, metal
binding




Protein Characteristics: amino acids: hydroxyl, cysteine

Serine, Threonine
Polar uncharged, hydroxyl

Hydrophilic due to the presence of an
hydroxyl group that can hydrogen
bond

Can be phosphorylated on OH

+H,N—?—cm-

H

Threonine
{The, T}




Protein Characteristics: amino acids: cysteine

H

Cysteine

Polar uncharged

Contains thiol, chemical resemblance with serine (OH vs SH),
functionally distinct, poor hydrogen bonding, more reactive
nucleophilic reactions

Disulfide bond formation stabilize extracellular proteins

Metal binding: zinc fingers: tetrahedral orientation




Protein Characteristics: thermodynamics

1st Law of Thermodynamics: total energy of a system and its surroundings is constant

2nd Law of Thermodynamics: the total entropy of a system and its surroundings always
increases for a spontaneous process.

Tt ¥ 2

g &
o
L)

Contradict with biological systems = decrease in entropy

formation of such ordered structures only if the entropy of other parts of the
universe is increased by an equal or greater amount




Protein Folding Can Be Understood in Terms of Free-Energy Changes

Unfolded ensemble

Entropy protein high

How is this possible:
free-energy change
must be negative for
a reaction to be
spontaneous

| Entropy protein low

Folded ensemble

H,O: non-polar residues can not interact with water: throug
@ folding these non-polar residues are excluded from the
water thereby the entropy of the water is increased




Reversible interactions of biomolecules are mediated

by three kinds of non covalent bonds

electrostatic interactions

hydrogen bonds

Van der Waals interactions
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Why Protein stability influenced by pH

increase in pH

charged groups charged groups

((X)—NH3+ (a)_coo_

(R)—NHs*  (Lys) %ﬁ:ctﬂgoﬁulin R)—co0®  (Asp, Glu)

H
—CH; 0° (Tyn

Solubility, mg/mL

_CHz—Se (Cys)

—CH,—0° (Ser)

—?H—Oe (Thr)




Protein characteristics summary

how protein structure and stabllity is influenced by
Composition: amino acid, pH dependence
Entropy, enthalpy
Water
Interactions

Structure: primary, secondary, tertiary, quaternary

Hydrophobic
interactions

Polypeptide

Characteristics of proteins explained on the - backbone

- . . Hydrugen
basis of the structure and interactions that ? bond
CH, —S—S—CH,
stabilize the structure: Disulfide bridge
o]

1. Temperature 2. Salt cn, B 0—cH,

lonic bond

2. pH 4. Detergents

3. Reductant 6. Organic solvent




Meghatarozasok
Biotechnoldgia, Bioszimilaris

Bioszimilaris- nincs pontos meghatarozas

IDENTICAL=Azonos

SIMILAR=hasonld

e Atermek tulajdonsagai e Atermék tulajdonsagai

teliesen azonosak az megfeleléen hasonloak az
originatoreval originatoréhoz ahhoz,
(Komplex anyagok hogy ugyanazt a hatast

esetén ezt neheéz érjuk el ugyanolyan

igazolni) biztonsag mellett

Feltételezi, hogy a rendelkezésre allo eszkdzokkel ki
tudjuk mutatni az eltérest




Megfelel6en Hasonlo

Rhesus monkey genome reveals DNA similarities with chimps and
humans

Sequence of orangutan and marmoset also completed

By Caroline Arbanas

April 11, 2007 -- Scientists have decoded the genome of the rhesus macaque
monkey and compared it with the genomes of humans and their closest living

relatives - the chimps - revealing that the three primate species share about
93 percent of the same DNA.




Megfeleléen hasonlo?




Definicio hijan ...teljesithetd (?) kdvetelményrendszer

Megfeleléen hasonlo
legyen az originatorehoz
Ugyanaz az indikacioja
legyen

Ugyanaz a
felnasznalas/adagolas
modja,ugyanaz az
erésseg es dozis
GMP korulmények
kOz06tt gyartsak

Mi az a kulénbseg, ami
szamit?

Mi a helyzet a
tobbszoros indikacioval?

Ha a betegnek a
Jprefilled syringe”
megfeleldbb lenne?

Teljesithet6




Meghatarozasok
Comparability (0sszehasonlithatosag)

e Miis ez?

e Mindenki csinalja Nem mindenki
csinalja
Mikor? Bioszimilaris
o Technolbgia valtoztatasnal
o Analitika valtozasanal
e Formuléacio valtozasanal ...stb.

e Mit jelent? (ICH Q5E)

“The demonstration of comparability does not mean that the
quality attributes of the pre-change and post-change
products are identical, but that they are highly similar and
that the existing knowledge is sufficiently predictive to
ensure that any differences in quality attributes have no
adverse impact upon the safety or efficacy of the drug
product.”




Osszehasonlitds: a méret szamit

Aspirin Interferon-alpha Antibody (IgG)
Molecular weight Molecular weight Molecular weight
= 180 Daltons = 19,625 Daltons = 150,000 Daltons
0 amino acids ~165 amino acids ~1,300 amino acids




Proteins are Different: Complexity and
Molecular Size

The molecular weights (in Daltons) of some popular drug
substances

Chemical , Biotechnology Products
Products Neupogen® 18,800
Glucophage® 166 " Roferon-A® 19,625
Vioxx® 314 Humatrope® 22,125
Prozac® 346 Avonex® 22,500
Zantac® 351 NeoRecormon® 30,400
Paxil® 75 Pulmozyme® 37,000
Zocor® 419 Enbrel® 75,000
Augmentin® 420 Zenapax® 144,000
Crixivan® 712 Rituxan®MabThera® 145,000
Taxol® Factor VIII 264,000
g b Snurcu’—!ﬁﬁﬁ
WHO Biotherapeutics mesting % EFFJMA s G P ot

April 19-20, 2007 4 K sy st




Osszehasonlitas: szerkezet - hatas

Biopharmaceuticals are structurally diverse

Chemical pharmaceutical

- Simple structure of elements Aspirin = CgHg0,

Biopharmaceutical & e h-

- Multiple levels of R = e B .
structural complexity . . & ¢
i
e e B

Primary Secondary

Amino acid Alpha, beta
sequence sheets

Hagyomanyos gyogyszermolekulak — a szerkezet hatas mechanizmus
jol definialhato.

Terapias fehérjek — komplex hatas egyes szerkezetiv  altozasok hatasa
nem josolhato (hatasossag, half-life, immunogenicit as, biztonsagossag)




Osszehasonlitas: Minéségbiztositas- Engedélyeztetés

Complexity Metrics /Lot Small Molecule Protein
Number of Batch Records <10 = 250

Product Quality Tests < 1P =2 000
Cntical Process Steps <100 > 5000
Process Data Entries <4000 > 60,000

R Gamick, Genentech

kismolekulak

Terapias feherjék

Sarzslapok CMC része a dossziénak



A jeghegybdl mennyit l[atunk?
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e Felszabaditasi
tesztek

e Karakterizalas

» Technoldgia




Felszabaditasi vizsgalatok

Related to FIF Batch: / :
.Amgen Breda
71020555
Certificate of Analysis
Drug Product, Fllgrastim with Sorbltof 056 mg/mL,0.5 mL Deliverable Syzinge |
480 pg/dose, Material01125-EU  DP Lot No 0010047147
Manufacturing date: Jan 2010
Expiry date: Jul a0z
Epecification: PRDS-001038+9.0
Parameter Analytical mathod Specificatlon Result
Protein PhEur/ 036- 106 B
_concaniration MET-001312 (A0120 196 oymL RO
Bloassay Estimated petancy * . -
MET 001288 (AD1170) 80-125% of [abaed Estimated Potency = 110p%
Wastern Blol - . .
| M R
{Tusting for
iownity)
GCSF SE-HPLC No peaks > 0.0% with relention imes No peaks > 0.5% with retention
(Tealng for MET-000688 (AD318) #hotter than Monomer peak at approx. | Times shorter than monemerjpeak.
us) 10 minutes ot eppegx. 10 minutes
pH PhEur! 847 39
M 1215 (ADY, -
Appearsnce™ Clear liquid, practically free from Clonr Hiemifd. practically]
L © free from particles
PREUT “Eyaiyation of the prasenca of particias
MET00UZBE (A0221)  selermined in-process duing the
manufachurng operation and the resutt
a0 reieass the rogict inls the EU.
Color Coloriess Calorkss
Sterilty PhEur USP ‘Complles sccarding to PhEur and USP Prse
Bacierial PhEur! Mazimum 2.5 BU/mg <0.068 EU/mg
| Endoloxm | MET-000242 (AD128
Extractable Volume | PhEwr! Minimum loballed clalm 0.5mL
MET-D00S7A (ADZ2
Ousmolality PhEur 277-319 mQemyxg 103 mOmVKG
Polyvorbate - B0 MET-000737 (AGA04) 0.002-0.008% (wrv) YOU4 L % (WIV)
GCSF RPAPLC | MET 000687 (AO3T4) Wain product paak = §5% of lotal 9%
(Testing for purfty) . Intagrated aren
Reduced form < 1% of falal Intagrated 1%
ares
Subvishia Pedicles | PhEur/ £ 5000 panicles per contalner 2 10 pm 237 Particles
MET-001033 {AS28) and
£ 2 Particles
Created by
Name; Abdel Darferfl. QA Specinlist  Signature: Date: M
Approved By
Name: st Coutr Qo5 g - gnature: bt Gpnden s 32 ot 30 nn e
i
Amgen Eumpa BV Manervm TDR1 P () Raax T35, 4800 (H eads Tha Namarsnds. Tal 31 78573 20 00 For 31 70 573 70 01 .
Form-016480v2.0
FALKONE DI TOBEL £ UZSANNA
QUALIFILD PERSOM (QPY I1PH Zn,
HUNEARY




Gyartasbol eredd szennyezesek, variansok, termék
eredetld rokon anyagok, bomlastermékek

Szennyezes Analitikai médszer

Protein-szer 1 szennyezések SDS-PAGE, HPLC, HPCE,
(gazdasejt proteinek) immunoassays (ELISA,etc)

Medium dsszetev 6k (insulin, SDS-PAGE, HPLC, HPCE,
transferrin, 1gG) immunoassays (ELISA,etc)

Kémiai 6sszetev 6k (antibiotikumok, HPLC, UV spektroszkoépia
indukalé agensek)

Endotoxinok Nyul pirogén teszt,
Limulus amebocyte lysate (LAL)

DNS DNA dot-blot hybridisation,
Polymerase Chain Reaction (PCR)

Mikrobiologiai szennyezés Sterilitas vizsgalat

Virus Virusérzékenység mérés

Mikoplazma CFR modszer

Leachables (Protein A, gyanta, HPLC, ICP, AAA etc
nehézfém)




Termek eredetl szennyezések, variansok, rokon anyagok, gyartasbol
eredd bomlastermékek

Proteolitikus bomlastermékek zoelektromos fokuszala s (IEF), HPLC,
HPCE,SDS-PAGE, N terminalis
szekvenalas

Mutansok és egyéb maradéekok Tripszines vagy mas enzimes bontas
jelenléte (gyakran MALDI/TOFL-val egyiitt )

Deamidalt/oxidalt formak IEF, HPCE, HPLC (gyakran
tomegspektrometriaval kombinalva

)

Nem megfelel éen affinitas HPLC, IEF ( gyakran
glikolizalt/foszforilalt formak tomegspektrometriaval kombinalva

)
Dimerek, aggregatumok SEC, GPC, SDS-Page, HPCE
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Fehérjék analizise-2




Feherjék analizise-3

h | iso-Propanol
L1

Acetonitrile

Wt '\.l,l.L_-“
i

A 214 mm
[
e —

4 ’?T Methanol

.L;'[:]Jiri# J‘JMZ, i.TL.

EEEEEE
Retention time (min)

Ref. Aguilar W1, and Heam, M. Meth. Enzymol vol 270;3-26; 1395




Originator készitmeny
medgismerese-1

e Irodalmazas

Cikkek
Szabadalmak
El6adasanyagok

e Mérések, merések és merések




Originator keszitmény megismereése
— folyt.
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Originator keszitmény megismerése
— folyt.

RRT=1.08

l \

e " b

iy . j ' \\ H&mum-vm-um-\' et gyt f\\ N“*vvf\m.,,-
1 o had e

Tk a7 b b A w’ ’ s -u«--w\"’f g AR AR

- parba el
- [ETPR \ g -
e T e T 4 Ak e "\u.-ww“.MMJ gt

a [y .-u
1L A st T ™ 8

“‘s‘mm.mm-mr- e S u_ww\‘p.hh Sy e+
4 T
e oS N gt d By Tt PR g4

-a-»h'»-»u....mu_.w-wunm*m“w_,_m-w rm . ’
et A ....m-./ A, 7
- lk ', I

s ) :
f A St

- oy
o g b s e : N
it ey AL TN e UYL DR
v «
e A b s

pur il
T g

iy,




V4

. 7
el mnedaisimereg

1
»

Targeting a charge

80- variant via media Targeting galactosylation
Targeting a components in bioreactor via media components in
charge variant 14 bioreactor
& 60 via pH in = 12 326
£ bioreactor g @ 18 5
s _ = 10 £2 g
= sl & § 55,0 2
> 401 s 8 a4, 2
g > g g
= g 6 5] 3
g s L.l ARRE g"
G 20{ S 4| Hinge 2
E 2 0,
"2 70 <s uﬁ*’;\*}f‘i\*‘hf"'\ﬁfxﬁ"?ﬁ MooTaz o G e o i2ia

Media Component A

Media Components
29 | Thomas Stangler | EAPE SIG Regulatory Aspects for Eiupharmaceutﬁglls | October 4th, 2010 | Business use only & SA“DOZ



Originator készitmény
medgismerése-2

CE Analysis of Neutral N-Linked
Oligosaccharides from a Recombinant Antibody

+ Galactosylation variability is readily apparent
- fucosylation (e.g., GO-F) may also be important

G-1
@J, Man5
!

Rob Garnick
Sr. VP, Regulatory, Quality & Compliance

Genentech




Originator készitmény
medgismerése-2 folyt.

Correlation of Bioactivity and

Galactose Content in Rituxan™
120
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Rob Garnick
Sr. VP, Regulatory, Quality & Compliance

Genentech




Originator készitmény megismerese-2 folyt.

When You Think You Know Everything..

» Non-fucosylated Fc glycans : ADCC correlation unknown 5 years ago
- very small differences may have significant in vitro effects:

Relative ADCC

% Non-Fucosylated IgG

Rob Garnick

Sr. VP, Regulatory, Quality & Compliance
Genentech




Ignoti nulla cupido.

(Amit nem ismerlnk, az utan nem vagyunk)

Glycosylation Then and Now

S

Solubility Solubility Solubility
+ +

Clearance Clearance
+

Bioactivity

A ma piacon lev 6 13 legsikeresebb terapias fehérje kozul 11

000 elétt lepett piacral

Rob Garnick
Sr. VP, Regulatory, Quality & Compliance
Genentech



Originator keszitmény megismerese 3
(segédanyag beszallito kivalasztasa)
Tween-80 sarzsok 6sszehasonlitasa (MALDI-TOF)
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Milyen ktlonbség relevans?




Peldak a nagyvilagbal-1
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Mature Reviews | Drug Discovery

RP-HPLC profile of a highly immunogenic batch
of interferon (IFN)-alfa2A

Mo is an oxidized form, which enhances immunogenicity and contributes to aggregate formation,
From Schellekens, Nature Reviews, 1, 2002, 457




Peldak a nagyvilagbol-2

Container closure system: prefilled syringe

» Tungsten filaments used to perforate syringe barrel

Source: release of tungsten oxide from the
syringe into the product

Impact: protein oxidation followed by
aggregation

Resolution: switch to platinum instead of
tungsten filaments to perforate syringe barrels

Ingrid Markovic, Ph.D
Biologist

U.S. Food and Drug Administration
Center for Drug Evaluation and Research
Office of Biotechnology
Division of Therapeutic Proteins

AAPS National Biotechnology Conference, San Diego, CA, June 24-27, 2007




REMICADE ®
Osszehasonlithatésaaqi eljaras (1

Infliximab termek - Anti-TNF a mAb

e Az engedeélyt 1998 augusztusaban kaptak

e Folyamatos perfuzios technologia

e A gyartasi es tisztitasi folyamat specifikus
lepeseket tartalmaz a virus eliminaciora

e A bulk gyartasa Leidenben, Hollandiaban van




REMICADE ®
Osszehasonlithatésaaqi eljaras (1

A leideni b 6vités
A meglevd leideni gyartobazis bdvitése érintené:
Puffer készitést

Eszkoz elokészitést és tarolast
Downstream processt

A leideni engedélyezett gyartébazison végrehajtando valtozasok:

Zart rendszerek bevezetése, amelyek kovetkezteben a termesztési
folyamatokat kevésbé részletesen kellene ellendrizni

Az aszeptikus technoldgia és a fix 6sszekottetési termek szallitd sorok miatt
kevesebb tisztitasi kiépités szikséges

Megndvekedett CIP és SIP ciklus hasznalat
Megnovelt automatizalas
Egy virusszirési Iépés bevezetése




REMICADE ®
Osszehasonlithatésaaqi eljaras (1

A protokoll

e Oktober, 1998 — Osszehasonlitasi protokoll
benyujtva

In process teszt egy sarzsra
Release teszt egy sarzsra

Az eredmények 0sszevetese tobb meglévd
sarzs eredmenyevel

Biologial aktivitas és tisztasag vizsgalatok
0sszehasonlitasa




REMICADE ®
Osszehasonlithatésaaqi eljaras (1

A hatosaggal valo konzultacio:

Februar, 1999 — Hivatali megjegyzések a protokollhoz
megeérkeztek

A stabilitasi tesztelés tervei tisztdzandodak

Listazni kell azokat a tanulmanyokat amelyek rendelkezésre
fognak allni az inspekcio alatt

A valtozasok varhato hatasa a tbbbi - a gyartébazison
elballitott- termékre tisztazando

Egeszitsek ki a beadvanyt, az 6sszes folyamatot érint6
deviacios jelentéssel

A valtozasok hatasat harom-harom sarzson kell igazolni (a
tervezett egy helyett)




REMICADE ®
Osszehasonlithatésaaqi eljaras (1

A hatosaggal valo konzultacio:

e Jlnius, 2000 — A megjegyzésekre valo valaszok benyujtva
azzal a javaslattal, hogy a valtoztatasokat 2 fazisban hajtjak
vegre

| Fazis: puffer és eszkoz elékeszitési tertletek atalakitasa (small
scale)

Il Fazis: az 6sszes fennmarado terilet beleértve a downstream
process reszt is

Februar, 2001 — CBE 30 benyujtva a Fazis | —re
Julius, 2002 — CBE 30 benyujtva a Fazis Il —re
Oktober, 2002 — CBE 30 Fazis | — re elfogadva
Januar, 2003 — CBE 30 Fazis Il — re elfogadva




REMICADE ®
Osszehasonlithatésaaqi eljaras (2

Gyartas Malvern-ban

o Altalanos valtozasok az engedélyezett
leideni gyartdbazishoz képest

Zart rendszerek bevezetese, amelyek
kovetkezteben a termesztesi folyamatokat
kevésbé reszletesen ellenorzik

Az aszeptikus technologia és a fix
Osszekottetésl termék szallitd sorok miatt
kevesebb tisztitasi kiepités

Megnodvekedett CIP és SIP ciklus hasznalat
Megno6velt automatizalas




REMICADE ®
Osszehasonlithatésaaqi eljaras (2

Specifikus folyamat valtozasok
Az olto és a gyartasi sejt kultira méretnovelese

Valtozas a sejt elvalaszto berendezésben amelyet a
gyartasi sejt kultiraban hasznalnak

Valtozas a ,harvest” felliliszo6 folyadek tarolasi
utasitasaban

Valtozas a kromatografias oszlop agy
magassagaban ket tisztitasi lepesben

A downstream folyamatok meéretntvelése

Egy virus sz(irés bevezetese



REMICADE ®
Osszehasonlithatésaaqi eljaras (2

Hatosaggal valé konzultacio:

e Januar, 1998 — Taladlkozd a Centocor és az FDA kdzott, a
Malvern-i gyartasi es iktatasi stratégia bemutatasa

e Oktober, 1999 — Talalkoz6 a Centocor eés az FDA kdzoétt, a
Malvern-i gyartobazis engedélyezésének felgyorsitasa és
eléremozditasa celjabol

Kérdés: az dsszehasonlithatdosagi protokoll elfogadhat6?

Valasz: a gyartobazison vegbemend valtozas tul nagymértéki egy
dsszehasonlithatosagi protokollhoz.

De, informacié amely alatdmaszt egy 6sszehasonlithatésagi tervet
csatolandé a beadott tdrzskdnyvi dokumentaciohoz (IND)

e Majus, 2000 — Osszehasonlithatosagi terv benyujtva



REMICADE ®
Osszehasonlithatésaaqi eljaras (2

Malvern-i Osszehasonlithatosagi terv
e |PC méreés a folyamat minden lépésnél
e Sejt kultrak
Eletképesség a felengedésnél az elé-kultirakban

Tobb generéacio 6sszehasonlitasa az elé-kultirakban és gyartasi sejt
kultirakban

Specifikus termelékenység vizsgalata a gyartasi sejt kultirakban
Termék mindség az egész gyartasi sejt kultira folyamaton keresztul

,2Harvest” tarolas valtozas
Igazolni, hogy a termék minéségét a tarolas valtozasa nem befolyasolja

Viralis és DNA eliminacios tanulmanyok azon kromatografiai folyamat
lepésekre ahol az oszlopagy magassagaban valtozas tortént

A szennyezések eliminalasanak igazolasa tisztitasi folyamat soran




REMICADE ®
Osszehasonlithatésaaqi eljaras (2

e Harom sarzs Malvern-i eléallitasu gyogyszer alapanyag (API)
dsszehasonlitva harom BLA (Biologics Licence Application)
sarzzsal és harom olyan sarzzsal amely az engedélyezett
(leiden-i) gyartobazison lett nemrég (valtoztatasok utan)
el6allitva

Release tesztek

Osszehasonlitd szennyezésprofil és bioaktivitas
Tryptic map

CD elemzés

Ultracentrifugas 6sszehasonlitas

Oligosaccharide profil

MS elemzeés



REMICADE ®
Osszehasonlithatésaaqi eljaras (2

Malvern-i Osszehasonlithat6sagi terv-
Stabilitasi vizsgalatok

e protein A-val tisztitott termék elGallitva
e Intermediate holding-time vizsgalatok
e EQy sarzs gyogyszer alapanyag

e Harom sarzs termek eloallitva harom
ktlonb6z06 sarzs gyogyszer anyagbol




REMICADE ®
Osszehasonlithatésaaqi eljaras (2

e Julius, 2000 - Hivatali megjegyzések a 6sszehasonlithatésagi tervhez
megérkeztek:

A technoldgia transzferrel kapcsolatos validalasok listajat adjak be

A kritikus lépések és a felszabaditasi analitikai eljarasokat rekvalifikaljak
(terveket beadni)

NyuUjtsak be a ,bioburden” és a LAL tesztek eredményét minden
koztiterméknél és a protein A -val tisztitott termék stabilitasanal

Osszehasonlité abrakat/adatokat kérnek beadni az
IEF gélekrél
AUC gorbérdl
Tryptic peptid térképekrdl
SDS-PAGE gélekrél
CD spektrumokrol
SEC-HPLC kromatogramokrol




REMICADE ®
Osszehasonlithatésaaqi eljaras (2

e December, 2001 — Az
Osszehasonlithatdsagi terven alapuld
elozetes jovahagyasi kérelem benyujtva

e Marcius, 2002 — El6zetes jovahagyasi
iInspekcio

e Aprilis, 2002 — A Malvern-i gyartobazis
engedélyezeése
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Trastuzumab IEC: % Main Peaks

IEC main peak
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acceptance

Specification e
criteria

acceptance
criterion:
“not less than”

Tolerance
interval range

+« Comparability acceptance criteria are constrained by specification limits
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Acceptance Criteria

» Lot release test data: licensed process(es) vs. new process or site
- use 95/99 tolerance intervals for quantitative tests
- cannot exceed specification limits
- all test results must meet these acceptance criteria

« Extended characterization studies
- may include testing of every 4% or 5% ot
- mean values for post-change lots must meet these acceptance criteria

= Stability with accelerated (“stressed”) conditions, usually 30° — 40°C
- temperature and duration depend on known rates and routes of degradation
- quantitative tests: degradation slope ratio of 0.80 to 1.25

= Profile comparisons

- eg., IEC, SEC, peptide maps, CE, glycans
- how to define “comparable”?

15

4|
wstartl J = & J Beérkezett Uzenetek - ... I - Your Last issue of Ameti. .. I | Goto 22 oédall (szabolc. .. ”"T“_, 08502 (2).pdf - Adob... ] Biotermékek mindségug. .. I Eemutatd2 I J w () 0| o B 753




Comparability excercise-Genentec

08502 (2).pdf - Adobe Acrobat Standard
Fajl Szerkesztés Mézet Dokumentum  Megjegyzések  (rlapok  Eszkizék Specidlis  Ablak  Siigd

@ PDF létrehozésa ~ @ Féjlok kombindlasa ~ ﬁ Biztonzég ~ , Aldirds - & Ellendrzés és megiegyzés ~
=== el ey v ET T = P e

=]

e

Internal vs. External Comparability

) N

« Only the innovator has access to historical samples and data sets
- biosimilar companies are limited to commercial drug product samples

Comparability Test Component Innovator Biosimilar

Histoncal samples and reference(s) Yes Limited to current commercial

lots
Historical lot release data Yes No
Stability controls Yes Uncertain starting points
Post-translational modification Yes Yes
comparison J
Process-related impurities Head-to-head Probably (depends on host cell

(same host cell) differences)

Repunfication from drug product No Depends on excipients

* Our comparability approach can not be followed by Biosimilar manufacturers
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Rituximab “Biosimilar”

Reditux; produced and licensed in India bx Dr. Reddzs Laboratories

The | ]
world's first
bio-similar antibody
from India.

Bili Bennett
Thomas Schreitmdller
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B Cation Exchange Chromatography: Rituxan and Reditux

1607 acidic forms basic forms
» This is not a release test ]
- part of “extended characterization”
* Definitely not comparable 1201
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- Incidence of Sequence Variants Due to Mutations
* Recent history of cell line development at Genentech:
75 cell lines
10 confirmed mutations
= 13% incidence
* Confirmed mutations in Phase | vs. amplified Phase Ill lines
- phase | cell lines: 9.5%
- phase lll (amplified) cell lines: 21%
* Mitigating this risk requires multiple methods to identify sequence variants
- nucleic acid techniques
- peptide mapping with UV detection
- peptide mapping with mass detection, e.g., MASCOT software
Amy Shen et al.
Vish Katta et al.
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Genentec tapasztalatal (2008-FABIAN)

Reed Hairris
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; Experience Leads to Humility
Examples of unexpected structural heterogeneily (and effects) abound

« E. coli expression
- mistranslation: Lys at Arg positions (use of AGA codon)
- misincorporation: norleucine at methionine positions

* O-fucose at Thr61 in tPA (Activase)
- licensed in 1987; O-fucosyl-Thr discovered in 1990
- Thr(Fuc) present on tPA from CHO, BHK/293, Bowes melanoma cell lines

« Afucosylation of Fc glycans enhances in vitro ADCC for anti-CD20 antibodies
- original studies in Genentech’s Research Dept. (Shields ef al.) and elsewhere
- led R&D staff to examine multiple batches for afucosylation consistency

« Every MAb presents unique challenges:
- trastuzumab: Asn deamidation, Asp isomerization
- omalizumab: unpaired cysteines, Asp isomerization
- bevacizumab: dissociable aggregates
- ranibizumab: Trp oxidation
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Hogyan kezdodott?

The Birth of Biotech

m The Pioneers

Stanley Cohen
Stanford University

George Rathmann
Amgen CEO...

Bob Swanson &
Herb Boyer
Genentech

The Goal:

To develop unique microorganisms that are capable of
producing products that will significantly better mankind. Rob Garnick

St. VP, Regulatory, Quality & Compliance
Genentech




