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Bioszimilaritas?
Almat az almaval??
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A vilag a feje tetejére all - Az originalis és
bioszimilaris fejlesztés 6sszehasonlitasa
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REFERENCE MEDICINE BIOSIMILAR DEVELOPMENT
DEVELOPMENT Main goal is to establish similarity to
Main goal is to determine the the reference medicine

clinical effect for each indication

McCamish, M and Woollett, G. Clin Pharmacol Ther. 2012; 91(3):405-417
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Az analitika a Iényeg - de milyen
tulajdonsagokat mérjiink meg vele?
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Attributum, a vallasban olyan targy vagy
jelvény, amely a szentek, istenek,
szemelyek, embercsoportok, erények
jelolésére szolgal és elvalaszthatatlanul
hozzajuk tartozik.

Forras: wikipedia
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Abrahém (Kr. e. 2000 k.- ) — kés, kos

Adalbert (957 k.-997) — mitra, pasztorbot, evez6, konyv, kopja,
gerely, pallium, bunko, sas, megszallott

Adelaide (931-999) — kenyér, hajo

Agnes (290/293-305) — barany, palmaag

Agnes, Pragai (1205-1282) — szerzetesi 6ltézék, korona,
templommodell, liliom

Agoston, Hippoi (354-430) — galamb, gyermek, kagylo, toll, kdnyv,
langolo sziv

Agota ( -251) — oll6 nyelvei, lepel, harang, mellek a talcan, galamb
a szajaban gyuravel

Ambrus (339-397) — méhek, méhkaptar, galamb, okor, toll

Andras, Corsini (1302-1373) - barany, farkas

Angéla, Merici (1474-1540) — ferences 0ltozek, létra, kereszt,
rozsafuzer, lépcsd, gyermekek, konyyv, feszdlet, liliom Forrds: wikipedia
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Quality Attributes (QA) and Critical Quality
Attributes (CQA)

A CQA is a physical, chemical, biological, or microbiological
Froperty or characteristic that should be within an appropriate
imit, range, or distribution to ensure the desired product quality.
CQAs are generally associated with the drug substance,

exci iePts, intermediates (in-process materials), and drug
product.

Potential dru? product CQAs derived from the quality target
product profile and/or prior knowledge are used to guide the
Broduct and process development. The list of potential CQAs can

e modified when the formulation and manufacturing process are
selected and as product knowledge and process understanding
increase. Quality risk mana%ement can be used to prioritize the
list of potential CQAs for subsequent evaluation. Relevant CQAs
can be identified by an iterative process of quality risk
management and experimentation that assesses the extent to
which their variation can have an impact on the quality of the
drug product.



Identification of CQAs

Biologicals 44 (2016) 291305

Contents lists available at ScienceDirect

Biologicals
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Determination of critical quality attributes for monoclonal antibodies
using quality by design principles
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A potencialis kritikus attributumok (pCQA-k)
értéekelése

A klinikumban mérheto teljesitményre gyakorolt hatas alapjan osztalyozzuk a
pCQA-kat

Milyen hatassal van az adott attributum:
- Hatasossagra

- Farmakokinetikara

- Biztonsagossagra

«  Immunogenicitas

Az elobbi informacio mennyire bizonytalan?
- Sajat klinikai adat

- Sajat adat hasonlé molekulaval

Forras: Alt et al, 2016
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Impact score for the risk ranking and filtering tool.

Impact and rating Biological Activity® PK"

Immunogenicty=* Safety”

Very High (20)
High“ (16)

Moderate (12)

Low (4)

None (2)

>100% change
40%—100% change

20%—40% change

<20% change

No change

>40% change on PK
20%—40% change with impact on PD

20%—40% change with no impact on PD

<20% change with no impact on PD

No impact on PK or PD

ATAs detected that may be life threatening lrreversible or life-threatening AEs

ATAs detected that may be assodated with Reversible AEs that are not life threatening
non-life-threatening loss of efficacy

ATA detected with effect that AEs that can be managed by clinical

can be managed by treatment (e.g., dose titration, medication)
clinical treatment (i.e., dose

titration, medication, etc.)

ATAs detected with effect on PK or PD, Safety effect with minimal

but no effect on safety or efficacy clinical significance

ATAs not detected or ATAs detected with  No effect on safety

no effect on PK, PD, safety, or efficacy

Uncertainty scale for the risk ranking and filtering tool.

Rank Uncertainty Description (product variants & host-cell-derived impurities)

7 Very High No information (new variant)

5 High Published exteral literature for variant in related molecule

3 Moderate MNon-clinical or in vitro data with this molecule. Data (nonclinical, in vitro or dinical) from a similar class of molecule
2 Low Variant has been present in material used in clinical trials.*

1 Very Low Impact of specific form established in dinical studies




ncertainty® 2 3 5 7
Impact® (Low) (Moderate) (High) (Very High)

20
(Very High)

16
(High)

(Moderate)

(None)




Obligatory CQAs

Protein Content

Osmolality

pH

Appearance (Color, Opalescence, Clarity)
Buffer Content

Excipient Content

Surfactant Content

Viruses
Microbiological impurities (Bacteria, Mycoplasma)
Bacterial endotoxins

Subvisible Particles
Visible Particles
Extractable Volume
Sterility



List of molecular variant pCQAs for a monoclonal antibody.

Category

Quality attribute®

Size-related Variants

Charge-related Variants (Acidic)

Charge-related Variants ( Basic)

Oxidation-related Variants

Fe Glycosylation

Structural Variants

High Molecular Weight Species (HMWS)
Low Molecular Weight Species (LMWS)
Deamidation in CDR

Deamidation in Non-CDR

Glycation in CDR

Glycation in Non-CDR

Aspartic Acid Isomerization in CDR
Aspartic Acid Isomerization in Non-CDR
N-Terminal Leader Sequence [ may be molecule specific)
N-Terminal Pyroglutamic Acid

C-Terminal Lysine

C-Terminal Proline (1gG1) or Leu (1gG4) Amidation
Oxidation in COR (Met, Trp)

Oxidation in Non-CDR (Met, homo-variant)
Oxidation in Non-CDR (Met, hetero-variant)
Afucosylation

Galactosylation

High-Mannose

Sialylation (NANA, NGNA)
Non-Glycosylated Heavy Chain

Cysteine Forms

Sequence Variants

Protein Structure

? Certain low abundance variants may need to be added to the list of general known variants such as advanced glycation

end-products, hydroxylysine, or oxidative carbonylation.



Monoklonalis ellenanyag

N-term. Blocking (+) - N-Glycosylation

(GIn/Glu => PyroGlu: -17/-18 (Sialic acids) (++++)
Da) - \ (NANA, NGNA)

CD R

Deamidation (+++) (-Asn-Cly- == Asp: +1 Da)
Isomerization (+++) (-Asp-Cly- == lsofsp: 0 Da)
Racemization (++) (-Asp-Asp- => 0 Da)
Succinimide (+++) (Asn/Asp => Suc: <17 Da)

Glycation (++)
(Lys-Glc: +162 Da)

Acetone (+) (Lys- +56 Da)
Aldimine (+) (Lys.: +38 Da) T

i - C-term. clipping (+)

C-term. Pro-amidation (+) =
(- Lys: -128 Da; - Gly: -57 Da)

(Pro-OH => Pro-NH2: -1 Da)

Forras: Wagner-Rousset et al, 2017
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CQA-k meghatarozasa — klinikai hatas és a bizonytalansag alapjan

Efficacy/FD Imsmung: Safety Erp| Pk | 1 || Rik
Quality Atixihmes CQA Methods Rl Ly
I U I I I U
Azerezates, HMW
E species (A+B) - SE’%Q 16 2 4 16 12 2 2 | s 12| u | =
£ (SEC, RRT=0.88-0.90)
=]
-
& LMW Fragment= yas SE-HPLC 16 2 12 2 2 2 32 4 4 32
*
¢ [ yes SE-HPLC 16 | 2 || 12 2 2 | 2 || =2 4| 4| 22
£ ® I -t TEXSEC.
-8 'ﬁ fe (Tmpurty 1 ¥es converzion FP- 16 2 12 2 2 2 32 24 4 4 32
g 3 E IEX ERT:0.85) HPLC
T il Tempurity 2
% § (EXERT 056) yes EX 12 2 12 2 2 2 4 | 24 | 4 4 24
-E Oxidized 1 s RP-HFLC 12 2 4 4 4 2 24 | s 3 3 24
| & . "Pre-peak” ves RP-HFLC 12 2 4 4 4 2 4 | s 3 3 24
TR
ﬁ E 4 f‘; E—E. Oxidized 2 yas RP-HPLC 12 2 4 4 4 2 24 | s 3 3 24
: Eﬁi Unkmown RRT ~1,07
n ~1,07 . X -
% E e yes RP-HPLC 4 2 12 2 2 2 g | 1 | 4 4 24
Deamdated vanant - RP-HPLC 16 | 2 4 4 4 || 12| s 3 3 | n2
£ 5
O foH-
proten - - RP-HPLC CAD || 15 2 4 2 2 2 2 | s 4 4 32
K|
;E = Bacterizl andotoxin: | oblizatory UsP
s 28
= Mierobologieal punty .
=g
3 & 5 Host cell proteins yas ELISA 2 2 2 16 4 2 4 4 12| s 32
% B
i) Host cell DNA yes ELISA 2 2 2 16 4 2 4 4 2| s 32
E
[=]
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A CQA-k manifesztacidja egyszerre tobbféle analitikai
maodszerrel is lemérheto

A CQA-k és analitikai modszerek kapcsolata NEM egy kdlcsonodsen egyértelmii leképezés (fiiggvény).

Analitikai modszer 1

Analitikai modszer 2

Critical Quality Attribute 2 )
(CQA2) Analitikai médszer 3

Critical Quality Attribute 3 B Analitikai médszer 4
(CQA3) g

Analitikai modszer 5

Critical Quality Attribute 4 Rl < J
(CQA4)
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oxidized 1 and
oxidized 2

Original idea by Piroska Kovacs
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Potency/

Biological act

Physico-chemical characterization




Az analitikai modszerlista biologikumok
esetén nagyon hosszu

Cateqory | Qualty attribute Method
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Az originatoron végzett analitikai mérések

eredmeényei egy eloszlast adnak biotechnologiai
termékek esetén

e Kilonb6zo lot-szamu

sarzsok

! - A biotechnoldgiai folyamat
/ é16 rendszerekkel dolgozik,

ezért természeténél fogva

- omms s EEm . o

valtozékony

« Eloszlast ad
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A gyujtott adatok eloszlast adnak
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A gyujtott adatok eloszlast adnak

Az eloszlasok statisztikai

/}\ eszkozokkel értékelhetok
o |

@@@@@@@@@@@@@@@@
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A Quality Target Porduct Profile (QTPP) - minoségi
termeékprofil célpont - az alapja a bioszimilaritas
beallitasanak és vizsgalatanak

QTPP range

I |
| 1
i |
q,l/\l
:jl I I " 144 14 " 14 - 14
I- o ! « Minosegi termekprofil celpont
1
: !
I |
| 1
| 1

(QTPP)

« Ez NEM a specifikacio, de
alapjat képezi a
specifikacionak

« Sajat méréseken kell, hogy

M ain peak by IEX alapUIJon
- e . « A bioszimilaritast a
% % toérzskényvben a , quality

comparability study” keretein
belll értekeljuk

“ Q o Q “
A A K A K
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Quality attribute
GOF-GlIcNac

GO

GOF

Man5
(1,6)G1F
(1,3)G1F
G2F

G2FS1
G2FS2
NGNA
Deamidation
Oxidation
Dimer
Higher
aggregates
Binding assay
CDA activity

ADCC activity

Product
RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

Min/max ranges

0.05-0.3 %
0.00-0.2 %

1.2-21%
1.5-2.0%

20.3-321%
25.3-33.0%

0.0-0.9 %
02-0.5%

25-41%
30-39%

1.6-23%
1.7-22%

10.5-25.7 %
11.0-24.4%

356.3-39.1 %
36.2-38.5%

11.4-13.2%
11.4-13.0 %

3.3-55%
11-20%

09-24%
03-15%

1.2-43%
1.0-41%

0.0-21%
0.0-0.8 %

0.0-0.8 %
0.0 -0.2%

91 -108 %
93 -105 %
84 -110 %
90 -111%

75-132 %
82-115%

Bar diagram

—

Schiestl et al, Biologicals (2013) 42(2)



Quality attribute
GOF-GlcNac

GO

GOF

Man5
(1.6)G1F
(1,3)G1F
G2F

G2FS1
G2FS2
NGNA
Deamidation
Oxidation
Dimer
Higher
aggregates
Binding assay
CDA activity

ADCC activity

Product
RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

RBP A
SBP candidate 2

Min/max ranges

0.05-03 %
0.00-0.2 %

04-21%
9.2-120%

203-321%
253-330%

0.0-0.9 %
02-05%

25-41%
3.0-42%

16-23%
1.5-20%

10.5-25.7 %
11.0-244 %

353-39.1%
36.2-38.5%

114-132%
11.4-13.0%

33-55%
3.4-58%

09-24%
03-15%

12-43%
1.0-41%

00-21%
0.0-08%

0.0-08%
0.0 -0.2%

91-108 %
93-105%

84-110%
90-111 %

82-118%
380-475%

Bar diagram
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Schiestl et al, Biologicals (2013) 42(2)



Osszefoglald: hogyan érjiik el a bioszimiliritast, és azt hogyan
értékeljuk?
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Delivering quality therapy since 1901
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Kérdések? Kapcsolatfelvétel:

Dr. Megyeri Marton

Biotechnolodgiai Kutatasi Osztaly

megyerim@richter.hu

+36 1 431 5080
+36 20 254 7214



