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F)[)A8 Liquid formulation has increased

Paronteral Drug Association

v Liguid formulation has increased
v Prefilled syringe (PFS) type has increased
v Changed from lyophilized to PFS (ex. Enbrel)

JP (2008) JP (2013) JP +US (2013)
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Uchiyama, S. (2014) Biochim. Biophys. Acta. 1844, 2041-2052.
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PDA Possible stresses to Prefillable syringe (PFS)

Paronteral Drug Association

N~

Production, Purification Storage Administration
Filland Finish Transportation
= : N

R gy \
Stress Production, Purfication Storage Administration
Pumping v
Contact w Interface v v v v
Sweeping wall v
Shaking v v
Handling, Impact v v
Pressure change v v v
Temperature change v v v v
Light irradiation v v v
Oxygen v v v
pH and <I> change v
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Prefillable syringe (PFS)

Design [
Materials

Glass + Silicone oil coating
"covalent” method”
"baked silicone oil"
"liquid silicone oil” (Gerhardt, 2015)
Polymers COC: Cyclo Olefin Copolymer
COP: Cyclo Olefin Polymer
+/- Silicone oll coating
Stopper Rubber with coating
Needle Staked stainless needle
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PDA Characterization of pharmaceutical antibodies

Parenteral Drug Association

\Kj/ Guidance for Industry
U.S. Department of Health and Human Services

Food and Drug Administration
Center for Drug Evaluation and Research (CDER)

Immuno genicity Assessment for Center for Biologics Evaluation and Research (CBER)
Therapeutic Protein Products

Chemical modifications of therapeutic protein products, such as oxidation, deamidation,
aldehyde modification, and deimination, may elicit immune responses by, for example,
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modification, and morphology (Narhi et al. 2012). Aggregates ranging from dimer to visible
particles that are hundreds of micrometers in size (Narhi et al. 2012) have been recognized for

their potential to elicit immune responses to therapeutic protein products for over a half-century
(Gamble 1966). Mechanisms by which protein aggregates may elicit or enhance immune

‘ Chemicallﬁtability[t:l
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PDA Chemical degradation

Parenteral Drug Association

\Kz/ Modification MS diff. Notes

N-term pyroglutamate D17 Da HCQ=> Pyro E
Removal of C-term Lys D128 Da Partial or complete
Deamidation of Asn or GIn + 1Da C_humsae C etal., 2007
Liu H et al., 2009
Isomerization Asp*-Gly
Oxidation +16 Da Met, Trp, Cys, His
Glycation +162*n Da +Hexose (galactose, glucose, fluctose, etc), AGE
Racemization Asp*-Asp, Ser-Cys*-Asp-Lys

<pH4, pH7 < GIn, Asn Deamidation is accelarated
Patel, Borchardt, Pharm Res 7, 593, 1990

0

Bhatt et al, Pharm Res 7, 703, 1990 8 1 _ i H COOH
Asp is racemized and peptides are fragmented under I)LH/\” == 7 T == g\/ﬁ)
acidic condition cooH © o ©

Oliyai, Borchardt, Pharm Res 10, 95 1993 ©

Oliyai, Borchardt, Pharm Res 11, 751, 1994 Reaction scheme of aspartic acid isomerization
Neutral-basic conditions increase of SS scrambling

Wang Intl. J. Pharm. 185, 129, 1999 5
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PDA

Paronteral Drug Association
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Detailed Overview
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Intensity

Intensity

Quantitative
Primary Structure
with Modifications

Unkown Modification

Modification
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Native

Modification Level %
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XIC

Chemical modification analysis by mass spectrometry
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P[)As Oxidation changes stability and PK

Parenteral Drug Association

N %

v' A Met at CH2 is susceptible to
oxidation.

v Oxidation of the Met reduces
conformational stability.

v Also changes effector
functions (Kuo TT et al., 2011;
Wang W et al., 2011) .

v binding affinity to FcRn (Liu D
et al., 2008).

v’ oxidations in the CDR regions
may affect the binding

activities (Yang J et al., 2007).
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Bertolothi-Ciarlet et al,
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Liu et al., Biochemistry 2008, 47, 5088-5100
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P[)A8 His is also oxidized

Paronteral Drug Association

% 1((;2,_?] 2121.: - FISWZV';%YVDGVEL;/@QAK ~
%"E sod & l Native ] Histidine . Oxngatlon
3 - . N \4

: LU. |iIJHII|..\.|nlJ1]lh.I .J N HN:\N “ 5 'I'HQ DO_,.HNJL/N

- 1(533;1 n L<—(= —_ \H(>.)~<_(=O
g g | b3| Oxidized NH il NH
§§ SOE]\ J ST ugzo 8 [ys-H,01* d J

< il M‘l ls.;ol Lm i

mizJ Amano, Uchiyama et al. (2014) Anal. Chem. 86, 7536-43
* His at CH, Is also oxidized when IgG1 was exposed to
light.
« Oxidation could be suppressed by the decrease of the
dissolved oxygen since O, is involved in His oxidation.
9
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PDA Prevention of oxidations

Paronteral Drug Association

N %

Prevention of Met oxidation
by improved container and closure system

Oxygen transmittance & permeation 1. Glassvs. COP
2. w oxygen absorber vs. wo oxygen absorber

1.00E+00

Orwvp
(Polymethylpentene)

1.00E-01 — ~ \ _/
w O [ N (e
Cg’IZIO

Heat Sealing — Plunger Hend—\ ~ Sample Solution

J

ors © b I \ ]
1.00E-02 L Y
Blister Pack — Oxygen Absorber

1.00E-03 Multilayer

Polymer
rer O 4
1.00E-04 ! L

1 10 100

Oxygen Transmittance
(cm?3 (stp) 100um/m2.day.MPa)

b N
N
Water vapour permeability (g/m2.24hr) Thickness 100um b,.

Nakamura K@t@|.EPDA.A.®harm.Bci.flechnol Z69(1),788-9542015) heating light &
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PDA

Parenteral Drug Association

Met oxidation of IgG by light exposure

First reaction constant of each species under the photostability testing.

First reaction constant [x10-3 day’]

Light Stress idati idati
* Vess | Mewdz - APG HMWS | LMWS

Plastic 10.17 (£ 0.31) | 8.00 (£0.24) 31.76 (+1.74) | 4.53(£0.26)| 1.20(=0.71)

Plastic w/ 0.a. 2.35(+040) | 2.04 (037) 13.80 (+ 1.61) 1.71 (£ 031)] 071 (=0.11)

Plastic N.C. 0.31(£0.10) | 0.20(x0.07)  3.67 (= 0.09) N/A 0.48 (+ 0.08)

Glass 9.05(x0.64) | 6.73(0.13) 2745(+0.47) | 3.62(£0.15) 1.01(£0.10)

‘Glass w/ 0.a. 4.66 (£0.83) | 3.63 (0.73) 1940 (+2.45) | 2.86(+0.41)| 0.92 (= 0.08)
(A) (B) Glass N.C. 0.58 (£0.20 0.34 (£ 0.06) 3.52(+0.10) N/A 0.50 (= 0.04)

30

Oxidation level of Met256
(Photostability testing)

\I_I\- ]\l II

10
Glass  Glassw/o.a. GlassN.C. Plastic  Plastic w/ 0.a. PlasticN. C. Glass

High Molecular Weight Species
(HMWS)

20

10

Met256 Oxidation (%)
Met432 Oxidation (%)

0 5 10 15 20 25 0 5 10 15 20 25

Time (days) Time (days)

Oxidation level (%)

—&— Plastic syringe

- Plastic syringe with oxvgen absorber '

Glassw/o.a.  GlassN.C. Plastic Plasticw/ 0.a.  Plastic N. C.

X @ Plastic syringe. negative control in dark

light ©a
2000lux

A Gl syringe Amano, ... Uchiyama, J. Pharm. Sci., 2016

4 b &+ Glass svringe with oxygen absorber

A Glass syringe. negative control in dark
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PDA Optimized PFS packaging system

Parenteral Drug Association

N %

Multi-layer Film structure

Glass PFS Polymer P
10 - =Gas barrier layer

w/o secondary Packapng

+0Oxygen

E 8 absorber‘
=
= 6 Within secandary packiging + +0xygen
c oxygen absorber
g absorber -
g
T4 - The deoxygenated
]
3 Oxygen absorber ~ package system
2 Within secondary
packaging + Oxype
absorber
0

0 14 28 42 56 70 84 O 14 28 42 56 70 84
Starage period after packaging [Cays)

NakamuraK et al. : PDA. J. Pharm. Sci. Technol. 2015
Amano, ... Uchiyama, J. Pharm. Sci., 2016
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PDA Proper sterilization method is neccessary

Paronteral Drug Association

N %

HMWS were detected in Radiation and EtO syringes

w00 200 Steam is preferable sterilization method to keep
- — 12weeks . i
— Sweeks m . weske m protein stability
— dweeks — dweeks Radiati Fillin,
2354 _ adiation g . .
% — Dweeks %235 — Oweeks sterilization (", “\ Proteindrug : N Asing L™ NG
@ — Initial s — Iritial § s ; 4 s (&2
E %! E a0 b & ") 7 aqv\- 3
ﬁ A ! % ﬂ barrel Ra;ical Oxidation reg::n
225 T T T T 1 225 T T T T 1 Step 1 Step 2 Step 3 Step 4
3 4 & 6 7 8 3 4 5 6 7 8 Before sterilization Generation of radicals Transfer of generated Aggregation of protein
Retention Time (min) Retention Time (min) radicals to protein
- 240 The oxidative ratio of EPO
20 12weeks m — 1Zweeks Radiation %
— Bweeks — Bweeks £
— dweeks — dweeks 4
Z 251 — Oweeks % = — Oweeks % ? o SteamisBreferableBterilization@methodz o
g — Initial g — Initial g -Steam reducelproteinixidationZand@articleformation
@
£ € 20 - Radiation intbiopharmaceutical@rugs.
2304 230 g . S
2 .
E o —— —
- ——__RT—:% 5 b . o s

T T T T 1 Storage periods (weeks)

3 4 5 6 7 8 3 4 5 6 7 8
Retention Time (min) Retention Time {min)

Kiminami H...Carpenter JF et al. : J Pharm Sci .2017
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PDA Summary

Paronteral Drug Association

N %

v In Glass syringes, oxygen absorber is effective to prevent
oxidation of proteins in solutions.

v In COP syringes, proper container and closure system can
(1) reduce oxidation of therapeutic proteins
(2) reduce covalently bonded aggregates
through effective removal of dissolved oxygen
from protein solutions.

14
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PDA Aggregates quantification methods are required depending on the

particle sizes

Paronteral Drug Association

1nm 100nm Tum 100pum
Nanometer> Sub-microm eter > Subvisible > Visible >

Proteinhggregates

Emulsion

UltrafineEBubbles? | Microbubbles Bubbles

Organic@ndBynthetic@olymers

SEC =

<

AUC

DLS (Semi quantitative)
- RMM

—
PTA —
|
alLD JE—

DIA
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PDA Factors related to protein aggregations

Paronteral Drug Association

N %

1. Stability attributed to protein solution.
Colloidal stability & Conformational stability

HighRoncentration
(ex.B0mg/mLER
Attractive Repulsive Attractive Repulsive formulation 200000 -
| __ 175000 -
=] 2 150000
E 14 -~ Mab-A @ E
r -9 - = T
6 Mab-A "'-“' 125000
=~ -5 Mab-B 2400000
(@)] 5 | = Mab-B € 2 iy
12 Mab-C ¢ —~ O ‘a & 75000 -
o< L - + O " i
E zo e £ 4 Mab-C & 9 Acceptableline 599090
g o O 3,° N 25000 A
o oo [ % 3 r e > ™ Negative B,,,Bbs JE—— °
7] [=)] b e I
Lr) sé 10 2”2\, 5 | .7"7\. &D (sE0mg/mL) _ . i .
— A ° 40 50 60 70 80 920
.nno 1 o Highoncentration Temperature (°C)
L L L . W LargePositiveB,,, AbsH<? (ex.50mg/mLER
8 e 0 10mg/mlL) formulation
4 3 2 -1 0 1 2 3 4 3 2 1 0 1 2 3 4
B, B, Concentration
(x10°5 mL-mol-g2) (x10° mL-mol-g2)

Uchiyama,®.3§2014)Biochim.Biophys.BActa.”1844,2041-2052.BL
<10 mg/mL Saito, Uchiyama et al., (2013) Pharm Res. 30, 1263-1280

Saito, Uchiyama et al., (2012) Pharm Res. 29, 397-410

Nishi, Uchiyama et al., (2010) Pharm. Res. 27, 1348-1360

2. Silicone oil/water interfaces.
3. Protein adsorption.

16
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PDA Silicone oil induces protein aggregates

Paronter: ruAao tion

\u/

 Silicone oil affect insulin stability (disposable syringe,
Bernstein, Diabetes Care, 1987).

 Silicone oil induced aggregation of proteins (Jones et
al., J Pharm Sci. 2005).

* Silicone oil- and agitation-induced aggregation
(Thirumangalathu R, et al., J Pharm Sci. 2009)

* Protein aggregation and particle formation in
prefilled glass syringes (Gerhardt A et al., J Pharm Sci.
2014).

17
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Influence of aggitation and silicone oil coating in PFS

PDA

Paronteral Drug Association

N %

COP (Cyclo-olefin polymer) syringe

| Adalimumab@AcetatedpH5)®PhosphodpH7)a

......

ConditionsE
1.&GlassAborosilicate)®-SO{silicone®il)?
2.@lass@borosilicate) B OFreel?

3.LOP R R [FHWSORsiliconeil)?
4.TOP 0O

500@pm/minBhaking?
4°CH
1Aveek?
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P[)A8 Effect of silicone oil on small aggregates formation —SEC and SV-AUC—

Paronteral Drug Association

\U/ Table 2. Aggregates Quantification Results by SEC
Soluble Species (%)

Sample Insoluble Aggregates (%)° Monomer Dimer Higher-Order Aggregates
Acetate Buffer
Control 4 93.2 £ 0.0 6.8 £ 0.0 -
Polymer-SOF 4 88.5 +£ 0.0 115 + 0.0 -
Glass-SOF 4 90.9 £ 0.0 91400 -
Polymer-so+ 14 893 £ 0.1 10,7 £ 0.1 -
Glass-so+ 19 926 + 0.0 74 +£01 -
0.4
—— Control
4| Acetatel? —— Polymer-SOF
0s )L pHsIO :Egs_'*‘“mff;, v SV-AUC detects small aggregate
) < with higher efficiency than SEC
14.0% 52% .
% 02 f /\S_N/\ - 1 v Small aggregates was slightly
~ 15.7%  50% i
O M : ' increased
; 50% | .
0.1 T Krayukhina E., et al (2015)
0 . X

AN IR
Sedimentation coefficient (S)
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PDAO Effect of silicone oil on SVP formation —FI—

Paronteral Drug Association
MEIL] I Control PBSHpH7)2
[ Polymer-SOF PolymerBOF ElassBO FEHHPolymerS 0+ lassB 0+
Il Glass-SOF
[EZ=] Polymer-so+
eed Glass-so+
1x10° ApH7) -1x10°
-~ 3
E E
£ E
= €
- S . 8
O 5x10° -5x10° o
2 g
= =
o ©
S o
0 s Bl o
10 25
Particle size (um)
b Acetatel
2x10% 2 K 6
~ x10 2 ApH5)O) F2x 10 ~
E 2 & E
=3 % g
= & & €
Q 6 & o s 9
O 1x10™ %5 & ~1x10
) & % 2
° 2 % S
£ % & £
o & & ©
o 5 & -
g g
o o X )

1 2 5 10 25
Particle size (um)

-FlowCAM [
COP<Glass<<COP+S0<Glass+SO pees—
Krayukhina,&.,R®t@|.2015)d.Pharm.Bci.A104,527-535.6]
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PDA Possible mechanism of aggregates formation by silicone oil

Paronteral Drug Association

N %

v" Silicone oils induce SVP formation composed of protein aggregates.
(Not small aggregates)
v' COP syringe can reduce protein aggregates formation.
v’ Glass syringe can also reduce protein aggregates formation if silicone oils

are not lubricated on it.

S
—iy
1) Initial protein

adsorption oo
and gelation B
Saconized syringe

C
“any , ) L ¥ s Syriogs Worper
! Liquid 1 F] .
- \
; . & N «?® ]

Silicome il (50) lyer
Glass syringe wall

*  Siliconeoil ¥
=20

A Syringe 3
| wopper ®
L I . £ 2) Gelled protein and

silicone oil removal

- from interface
e

¥

Protein Merged &

- ~ :{ (3) Further protein
L ] >|: adsorption
] 5 ! and gelation

courtesy of Prof. Randolph
Gerhardt et al., JPS 2014 21
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count (#/mL)

Particle

P[)A8 Cavitation and shaking (friability test) results in aggregates formation in

Paronteral Drug Association

N %

Vials

Cavitation by dropping Friability testing

ol

Drop height (in.)

induces aggregation dropping and shaking induces aggregation

r 1010

Beeecenscoussssssesnsssnssansserssees l. 100

3.E+0684
L 9o

2.E+0601 F 98a

MonomerArea

Fill&volume
0 01.0mnL
[ 01.5@EnL
0 02.0mnL

MonomerZArea

F 97@
1.E+06E1
[ o6l

0.E+00

T T T + 95(
0 100 200 300 400

Minutes

SolidBline:EMonomer@Area
Dotteddine:@MlonomerFArea®s

vee ey
® e P ™
Randolph et al., p qL q ( < 3 »

2015 Torisu, T., et al., J. Pharm.
Sci. 2017, 106, 521-529. -
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PDA Friability test of mAbs in PFS [SO-]
. _SSr- A large amount of protein aggregates are generated.

Parenteral Drug Association
. . H H
Prefl | |ed syringe (SO+, no protein) >> SO droplets increase
w000 PBS F-7,P-10 F-83,P-0 F-04,P-2
s00m0 0 @ =
70000 F-304,P-0 F.322,P-4 F.323,P3
gmﬂ F-463,P-17 F-474,p-20 F.-475,P-14
40.000
109140 30 0033013 00003 .801200s - . @ @] )]
48152FRs4 .8152s 20000 F-104,P-15 F-105,P-14 F-108.P-17
10,000 E' D E]
o —= e | womans | e F.353,P-18 F-364.P-23 F-376.P-15
Unstressed Droppad and shaken Shaken @ [§] @
96% F-481,P-18 F-482,P-21 F-512,P-2
300 pBS @ |§|
= i F-220,P-7 F232,P-4 F-233,P-6
w @ @ @
150 A‘g F-406 P-1 F-406,P-24 F-434,P-6
e ® (8 @

10000FPS 512X256 110000s 100

i
=
N
pd
o
i
g
°
Qs

F-541,P-7

L)

O]
P-8 F-560,P-24 F-564,P-20
=

+ Shock

30000 ————

absorber

. . . = |
SO- syringe >> protein aggregates increase =z —
i}
90,000 Ab A 20,000 g 20000 Film formation (Il
80,000 m - 80,000 - mAb-B 2:: IAdsorptionﬂn lDesorptianﬂD
70,000 70,000 | % 15000 ¥ N Tl' . v i
ks ucleation ggregation ‘
60,000 60, w
- 2 towo Yivi= e = e
é-to‘onn | éau‘ouu é Adsorption ﬂ)l' 11 Desorption ()
E E O 5000 r Perturbation Film formation (1)
30,000 4 30,000 w
200 | 0 = = T
10000 1 E 100001 E = before@ shake  drop  dropiv/@ droplv/a
‘ | winvs |wiouhs | wnns | T T wors [wours | wmrs || stress sponge  blister
Unstressed | Dropped and shaken | Shaken |  Control Unstressed | Dropped and shaken | Snaken | Control
SOByringe

Torisu T, et al., Friability testing as a new stress-stability assay for biopharmaceuticals. J. Pharm. Sci. 2017, 106, 2966-2978. 23
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PDA Adsorption leads to protein aggregates generation

Paronteral Drug Association

\Kz/ 1 week quiescent incubation Quantification
. . of adsorbed
Aspiration Ejection proteins

10,0008

-
tfg; Aspiration D
= Ejection
=l
® N 10.08
£
g I ,g. 7.58
o S
e =
2 oy 5.08
[8) S
B o LT 1 1] 2
© 2,58 | I
& GLS/so+ | GLS/so- . cop 8
()]
<

]

GLS/so- ‘ cop

. GLS/so+
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PDA Real time observation of mAb adsoption on surfaces

Paronteral Drug Association

Real time monitoring of adsorption by
In Solution High Speed Atomic Force Microscopy
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PDA Summary:
= —=7 = Factors affecting stabilities of biopharmaceuticals in prefilled syringe

Paronteral Drug Association

&>/ Besides, formulation optimization

Oxidation can be prevented by proper CCS.
Dark condition for storage is also important

Sterization

Steam is
effective

@O —

0, ﬁ Light
A ;?ji

Y Y
A
1 1
1 |

Silicone oil should be minimized.

Sweeping by
¥.. airbubbles g

Minimizing protein
adsorption is effective

Cavitation + Shaking

Careful transportation and

handling are neccessary.
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Adsorption
+

"y Sweeping
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