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The Importance Of Protein Drugs — Top Sellers 2022

#1 Comirnaty®
#2 Humira®
#3 Spikevax®
#3 Keytruda®
#5 Eliquis®

#6 Revlimid®
#7 Stelara®
#8 Biktarvy®
#9 Opdivo®
#10 Dupixent®

www.senieer.com; Chiu

SARS-CoV-2 vaccine (29.0 B$)
Anti-TNF mAb (21.2 B$) LIQ
SARS-CoV-2 vaccine (19.5 BS)
Anti-PD1 mAb (19.5 B$) LYO ational
Factor Xa inhibitor (11.9 B$) W

Immunmodulator (11.3 B$)

Confor-

Anti-11-12/1L-23 mAb (10.1 B$) LIQ (consider domain
Antiretroviral (9.7 B$)

Anti-PD1 mAb (8.9 B$) LIQ
Anti-IL-4/IL-13 mAb (7.4 B$) LIQ

etal 2019

Oxidation,
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Isomerization, ...

Chemical Glycation

Stability

Unfolding - Tm Colloidal

|eve|) Stablllty

Protein Self-Interaction
governing aggregation and
viscosity at high conc




Protein Aggregation At Interfaces

Air, Processing and Packaglng Materials
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Protein Aggregation At Interfaces
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Koepf et al 2018; Deiringer & Friess 2022




Shaken, Not Stirred — Protection By Polysorbate
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Polysorbate Challenges

Auto-Oxidation

'Y

fatty acid esters; aldehydes; acids; 4
Ketones; n-alkanes; peroxides MO

Industry Survey: % of Products
Affected by Degradation Pathway

80

Company Responses %
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PS Oxidation

Enzymatic Hydrolysis
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Visual Particles in mAb Formulation
with PS20 stored at 4°C

™

Hydrolysis

free fatty acids; POE sorbitan

PS20 TO 4w 12w 26w 50w
0% - - - - —
0.004% - - - -+ ++
0.020% - - ++ ++ ++
0.100% - - - - —

Siska et al J Pharm Sci 2015; Wuchner et al J Pharm Sci 2022




Are LPCs Suitable For Protein Formulation?
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S LPC 80: PC 18:2 - Soy 0 5 LPC 14:0 - Synthetic By
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Is The Hemolytic Activity Of LPCs Critical?
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o Hemolysis in PBS
o HC50:0.00345-0.525 mg/ml

o Hemolysis in Plasma

*in 95% plasma

. LPC 18:2 Surfactant HC5* HC50%* cMC
5 [mg/ml] [mg/ml] [mg/ml]
g 1001 LPC 14:0 1.3 2.0 0.006
>
S 9] - PBS LPC 16:0 1.9 2.9 0.001
£ -~ 25% Plasma
Io 50+ -e- 95% Plasma LPE 18:0 PEG > 20 > 20 0.0003
> 254 LPC 18:1 1.4 1.9 0.007
() — e - ' . . LPC 18:2 2.5 6.9 0.003
0.01 0.1 1 10 100
_ LPC 22:1 3.3 4.0 0.0003
Concentration [mg/ml]
PS80 > 20 > 20 0.007
PX188 > 20 > 20

Laborwert.info; Weltzien 1973; Reman et al 1969
. ___________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________|
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Can LPCs Stabilize Protein Against Interfacial Stress?

S e
LMU RIVERS AT Particle Formation Upon Shaking And Freeze/Thaw
Shaking of mAb solution Freezing and thawing of mAb solution
No surfactant
No surfactant [ 0.001 mg/ml [l 0.01 mg/ml 250 000 1 £ 0.01 mg/ml Bl 0.1 mg/ml
B 0.1 mg/ml B 1 mg/ml 150000 1 E3 0.01 mg/ml+mAb E& 0.1 mg/ml + mAb
_ 500000 - 75000 1 E
= = Z
= 250 000 - £ -
£ g 50000 1 #
4 =3 [Z]
= - 5
< 20000 T » 25000 | B 5 3
n 2 % s 3
8 10000 S 50007 3 3
£ 5000 g 3 ;
© 4 : :
o 2 500 ~ 2500 {1 E& EQ 3 3
B ; o
3 :
- e
20 mM His pH 5.4: 1 mg/ml mAb ... and no quantifyable interaction with mAb in solution (CG-MALS & ITC)
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PS 80

LPC 14:0

LPC 16:0

LPE 18:0 PEG
LPC 18:1

LPC 18:2

LPC 22:1

pH 5.5
+E -E
46
106
98
94
98
71
99

25°C

97
103
96
99
99
68
98

pH 7.2
+E

47
95
99
73
108
69
99

106
103
97
74
100
66
100

97
99
15
95
35
101

How Chemically Stable Are LPCs?

Surfactant Remaining After 30 Days Storage

40 °C
pH 7.2
+ 5mM H,0,

91
90
1
77
27
0

+ 25mM Met

97
103
85
94
79
99

0o
0 X
HOV\O 1 O/\%;OH

OH

E: Esterase
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Stability Of mAb Formulations with LPC 18:2

ERSITAT Liquid Up To 4 weeks

10 1 _ 1.5x10°-
£
3 - T e 1.0x105
g = 4.0x10%7
0 °] N 2ox100] L ==
= O
= 41 S | -
T £ 3.0x10 2
C 3.
2 o -
ol m  mem 0 .
mAb +PC 18:2/0 mAb +PC 18:2/0
] t0 ] 4w @ 25 °C B 4w @ 40 °C
[Z4 t0 + shake [1 4w @ 25 °C + shake 4w @ 40 °C + shake

1 mg/ml mAb + 0.01 mg/ml LPC
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Do LPCs Form A Stabilizing Film?
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LPC Film Characterization Using Ellipsometry

MUNCHEN
» + mADb » + mADb (') + mADb
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0 0.0001 0.001 0.01 0.1 1 0 0.0001 0.001 0.01 0.1 1 0 0.0001 0.001 0.01 0.1 1

PS80 [mg/ml] LPC 14:0 [mg/ml]

Linearly Polarized Light

E p-plane
s-plane
Elliptically Polarized Light
plane E
7 i
Z s-plane
L2 e 72
Prof. Dr. Emanuel Schneck plane of incidence w 7 g
Prof. Dr. Gerald Brezesinski Jawoollam.com \/
Lukas Bange Reflect off Sample ~

LPC 18:2 [mg/ml]

20 mM His pH 5.4; 1 mg/ml mAb
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Pilatus
(GIXOS)

Y .
e \29 Mythen
; (GIXRD)

Shen 2022

Prof. Dr. Emanuel Schneck
Prof. Dr. Gerald Brezesinski

Lukas Bange

LPC Film Characterization Using X-ray Techniques

o Total Reflection X-ray Fluorescence spectroscopy (TRXF)

“element | KoVl

Elemental composition
in X-Y plane

o Grazing Incidence X-ray Off-specular Scattering (GIXOS)

gy =3

Film thickness and structure
in Z direction using
electron density profile

Na
Si
P (LPC)
S (mADb)
Cl

1.04
1.74
2.01
2.31
2.62

W

y
X
z

13
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Electron Density [e-/A’]

N

|Air Liquid

0.41
0.3
0.2
—®
o1 [ o — mAb
— LPC 14:0 0.1 mg/ml
00- —®  —1pC14:00.1 mg/ml + mAb
0O 20 40 60 80 100

z [A]

Do LPCs Form A Stabilizing Film?

LMU t’ﬁﬁ'ﬁfﬁéﬂm_ Grazing Incidence X-ray Off-specular Scattering Of Adsorbed LPC Film

0.5 051
Air Liquid {Air Liquid
% 0.4- Zo04 |
9, 9,
2 2
20,3 G 0-37
c c
[} 8]
a) a)
5% e r
© O
Q Q
L 0.1 —— mAb W 0.1 /— mAb
— LPC 14:0 0.01 mg/ml — LPC 18:2 0.01 mg/ml
0.0- — LPC 14:0 0.01 mg/ml + mAb 004 | —— LPC 18:2 0.01 mg/ml + mAb
0 20 40 60 80 100 0 20 40 60 80 100
z [A] z [A]
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== 0.01 mg/ml

Intensity [arb. units]

2500-

2000-

1500-

1000-

500+

Do LPCs Form A Stabilizing Film?

Total Reflection X-ray Fluorescence Spectroscopy Of Adsorbed LPC Film

LPC 14:0

P

2.0 2.5
Energy [keV]

== 0.1 mg/ml

== (0.01 mg/ml + mADb == 0.1 mg/ml + mAb

= mAb

mAb molecules per 1000 nm?

mADb

PS80 0.01 mg/ml
PS80 0.1 mg/ml

LPC 14:0 0.01 mg/ml
LPC 14:0 0.1 mg/ml
LPC 18:2 0.01 mg/ml
LPC 18:2 0.1 mg/ml

69
17
<LOD
14
<LOD
13
<LOD

1 mg/ml mAb

15
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Do LPCs Form A Stabilizing Film?
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Elastic Modulus [mMN/m]

Elastic Modulus [mMN/m]

60

40

20

0-

401

30

20

104

0

JhvERSITAT Ipat Analysis +- 1g/L mAb
LPC 18:2 = LPC 14:0
S 50
E, 40-
[72)
= 301
3 .
§ 201
2z 1 g
)
o T T 1 . u_(j 0 T T T T T 0-001 mg/ml
09’\ Q.Q{L Q96 o> okt 0.0'\' QQrL 096 o> ot < 0.01 mg/ml
Frequency [Hz] Frequency [Hz] 2 0.1 mg/m|
*+ 1 mg/ml
§ 30-
E © -mAb
2 20 — -+ +mAb
3
2 10-
=
@
T T T T T 3 0 T T T T T
oS> ot o o of oS> o o oF o?
Frequency [HZz] Frequency [HZz]

NOTE:

No Interaction between
LPCs and mAb in solution
(GC-MALS and ITC)
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Liquid Up To 12 months

OO0t

OO 12m @ -70 °C

BE 12m@5°C
B 12m@ 25°C
B 6m @ 40°C

Long Term Stability Of mAb Formulations with LPC 14:0

9.0 0.01 0.1 0.01 o0l
CIEJ 98.5
S 98.0
c 95
o
S 90
X 85
80 - : - 1
mAD + PS80 +LMC 14:0
600 000 0.01 0.1 0.01 0.1
300 000
=
T 2 00040 o o
3_ 0 8 | ! .
O i
N 100001 O _ A m s Ba §
Z 8 % |%*a% _Op@g|&é,,% Bg
0 ge Baga BEn="B AdhA
mAb + PS80 + LPC 14:0

-70°C 5°C 25 °C 40 °C

12 mo 12 mo 12 mo 6 mo
PS80 0.01 mg/ml 27 10 19 17
PS80 0.1 mg/ml 95 74 49 2
LPC 14:0 0.01 mg/ml 93 107 90 48
LPC 14:0 0.1 mg/ml 111 103 35 44

2 mg/ml mAb, 10% sucrose, 20 mM His pH 5.4

17
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SVP > 1 um/ml

©
©
o

% Monomer
(o)
(@)
(@)

Lyophilisate Up To 12 months

0.1

Long Term Stability Of mAb Formulations with LPC 14:0

98.0 1 ' '
+ PS80 + LMC 14:0
0.01 | 0.1 0.01 | 0.1
10000001 o ; ;
750000{  °®
500000
®e | A |
250 000+ A !
ol @ Ty SEEml o 4, & ]
mAb + PS80 + LPC 14:0

B0 0
BB 12m @5 °C
B 12m @ 25 °C
BB 6m @ 40 °C
5°C 25 °C 40 °C
12 mo 12 mo 6 mo
PS80 0.01 mg/ml 43 50 38
PS80 0.1 mg/ml 86 91 48
LPC 14:0 0.01 mg/ml 95 96 90
LPC 14:0 0.1 mg/ml 100 101 100

2 mg/ml mAb, 10% sucrose, 20 mM His pH 5.4

18
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Stability Of The Siliconization Of PFSs Against Attack

LMU JhvERSITAT 3 Months Storage at 40 °C

25
— 100 - C]-mAb EH +mAb 0 t3m 40 °C
X 20-
g’ 75 - __ 154
= =
£ . i
g 50 = 10
(D) S 54
@@ 25 - L
0 ol T 1 T
D9 - LPC LPC LPC LPC
His PS80 PX188 His PS80 PX188
t0 His PS80 PX188 LPC 14:0 LPC 18:2 14:0 18:2 14:0 18:2
8
PX188 + mAb t0 t3m 40 °C
6-
Z 41
LL
O 2 -
= MITIA
PS80 + mAD - LPC 14:0 + mAb 0 o . LPC LPC LPC LPC
" ' P ' PS80
!:; His S80PX188 . 1o His PX188 1,0 15

F
l.

5 mg/ml mAb, 0.6 mg/ml surfactant, 20 mM His pH 5.4
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SVP > 1 um/ml

SVP > 10 pum/ml

Stability Of The Siliconization Of PFSs Against Attack

Pour out 3 - mAb Bl + mADb
100 000
0 £3m 40 °C
75 0004 m
30 000
20 000-
10 000- -
0 i PX  LPC LPC LPC
| Hi i PS80
HIS 80188 140 | ™S PX188 140 182
10 000 l
5 000 {0 R t3m 40 °C
2 000
1 500
1 000
500- i
0 PS PX LPC LPC LPC
| Hi i PS80
HS 05188 140 ™ PXI88 140 182

}"o‘oo" ] [ o 0 ] Y I

EE.IIHEIIIEIEEIMHEEE o
e EE RN EIHIIEIE!

PS80 + mADb pEsEET R e g e e

EESE[YEE D o [ Y

SlolL L ST Tdo Blo bl LR L DL T

1L edd 7 L = e
llﬂlllﬂ!llu!.nnn--u.

_ 'nﬂﬂn.ﬂﬂﬂlﬂnImﬂnﬂlﬂl..l...lnl
CEESIEEEsE g Es R uEg
&

LPC 14:0 &

unﬂ.nlllﬂﬂl.l..nlﬂnlnﬂl.lllll

L OLLEL b o Rl o T [oL Dol L Ll s
oL RETLL EREELLE L o LEET D LU

lunnn.nnnm..nnlnn..n..n.

N ALL A Y ¥ SISINH
. -Illnl-ll.H!.HI..l.l-ll-ﬂl

LPC 14:0 + mAb EEEEEEE RN RS [ B .

e \ I-l-n---n---n-.-g-.

-Inlln.llﬂ.lll--lll.lIllll
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8
O [ 5 9 [ 0 0 6 O
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How Do The LPCs Behave At The Silicone Qil Surface?

0.1 mg/ml surfactant £ 1 mg/ml mab

IFT IFT

[MN/m] [Tnﬂf‘rﬁ]
: 344 26.7
PS80 128 123
PX188 24.7 22.6
LPC 14:0 10.2 101
LPC 18:2 8.8 103

Elastic Modulus [MN/m]

A ) A
od Q.Qq' od? o ol
Frequency [Hz]

LR I

buffer
mAb

PS80 + mAb
LPC 18:2 + mAb
PX188 + mAb
LPC 14:0 + mAb
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Summary —
LPCs Are Suitable For Protein Formulation!

Hemolytic Activity of LPCs Uncritical

LPCs Stabilize Mabs Against Interfacial Stress

LPCs Do Not Interact With Mabs in Solution But Form A Protecting
Elastic Interfacial Film

Sensitivity of LPCs To Oxidation And Solubility Limits The Variants
Of Choice (LPC 14:0; LPC 18:17?, PC 22:17)

Stability of mAb formulations LPC 14:0 comparable to PS80;
superior in PFS

22
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