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S ~ SEPPIC: Expertise serves Health & Beauty
B\ ~ Quality control of emulsified vaccines on MONTANIDE™ ISA
adjuvants

£ - Water-in-Oil emulsion vaccines: Process, scale up, manufacture
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Customers are widely served by SEPPIC
RERRFZEHKER
& 620 employees in 14 countries 6,000 customers £

620+ s21ws14+3% i
hi’ oy \QRusseRDE
xaolan:‘
—I.;TOL aw‘z ‘h L“ g Dubaisd h‘ Japan
L IndiaEl & n¥
2
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o ) &‘ Singapore #fE%

‘ 4 customer service centers
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SePPIC
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SEPPIC in ASIA
M

ingapore / # 0 |
ules:Aﬁ‘ E‘il_i“:( vv'v‘ 2008

&

R T .
—_— = Shanghai L&

* 50 employees / 50 T = RS akve oS

* 5locations, 1 production unit )
ST XM, 11 E=Eil

* 16 countries/16 TEXR

* 1,800 Customers/18004" &&= » ' )
\ SePPIC

ablished In 1956 1996 T/
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GENERAL PRODUCTION FLOW CHART:

HEFTRiE
Raw Material from France B ¥, W THE
Highly Technical Characterization $5{4 / ‘Synthemsﬁ'ﬁ |/ Selection
Critical Step Formulation 5 Y548/ Internal test (4 #F#1:L / Control $:4#]
ARAY KRBT L oil Surfactant
i RImE e
Final Step & G 2 W
HERMFEMNBEEES
Filtration and Packi mu*ﬂaﬁ'ﬂ&
Low level of
criticity
Vi2s& 502 4

Sepiprod .. Backup SsCS,
Castres, France HEHNER QingPu, China

Marketil *  Marketii
other countries bes«des of Asia and PuciﬁcA
Asia Pacific. FEARX
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SEPPIC CHINA : WHITE OIL STORAGE
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Raw materials are monitoring under Quality control process and recorded
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Release
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Raw materials are monitoring under Quality control process and recorded

FREEHAE T M MR E %

cargos arrive

Sampling QC Analyze
L 1 P
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* ‘Yll
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Release | '°S

JRAT A
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No cross contamination according GMP standards Ait. MR EXIZENiTH
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Manufacturing Process, fully dedicated to veterinary vaccine adjuvant
EATEREHENNESRE

1/ Raw materfals cantrolled | 2/ Loading raw materials 3/ Blending
AR - ( no direct human contact) under N2 control atmosphere

{ BABE OMFHR) ERSNA B TS
4/ Quality control
In process HiFL %
é 5/ continuous Flration on 6/ continuous Filtration on 7/ Elling In
3 3pm PP cartridges 0.2 ym PTFE I Class A: 100 room
3um PP @it carmages 0.2 ym PTFE at:,:xss 1008 P X9 MR

Pharmaceutical unit 124
(Class C: 10.000774%)

.................................................................................

10/ Extnmul w;rehouso 9' Qualty control
& Release
BERaNAT

8/ wrapping ana
Quarantine stock
TRIRTHREMT

SePPIC
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SEPPIC CHINA : CONDITIONNING UNIT

D hawrnte & b

Albr chass | 10900 (V07

15 @ 3EEAESEE I - (SRR AR SEPPIC (_F3F) Bk /AE])

EI

SRR > G FNRRE - Frr BN ([ 16) - HERSRUT

QUALITY CONTROL AND RELEASE
REEFIAT

Final products release processing and recorded &5 /4T

Processand |

Production (" Accept QC =) | formulation review

apply4 =ik R

Conform#F &

Yes

2/ Emulsifying
properties test
FLAb TR

SePPIC
16 : SHERHNREZ o (DR © 3AE SEPPIC (3§ ) BB AE])
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A R BLIAL - AR ERIRICRIR AR &l 2 AT A EIER - Bl
NERETHE R BERE - e AP BRI A B ME (Drop test) ~ (i 5

( Microscopics aspect ) ~ K43 ( Granulometry ) % » fgsHIfE IS K AALRRRE (£
2~ [E19-25) -

T2 RAER S E R BT A

Property Test Method

1 F{EHM Emulsion type k3% HIE Drop test
{5 /7 T Microscopics aspect

L 53 MT Granulometry

2 1 Particle size

. HEE Vixcosity
3 Ji5E Rheology
A EHF M Syringeability

B Cvat B Centrifugation test
4  FEEM: Stability
HIESEE E 4014T Real time stability study

i N &S HAEREG RN RN A A E . EARPUREEZ AR - I8
TP TR - ARAFLLIERIEESY > SEPPIC A Al fEt5Ep 2 A LEREEE ~
2% SSARMEREVERETTE - A RPUR ZBEAE - SEPPIC A= G4s T EE A

=

R

13



19 : EEYE MR Drop test ©

20 : i 751 Microscopics aspect °
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21 : fIE 577 Granulometry ©

22 : FLEESHT Vixcosity ©
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24:5f 05 Es Centrifugation test o
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&3 K (W/O) (ERIAALBORBRE T4 -

Grade Scal
1 200g Lab scale
2 10Kg Small pilot
3 70Kg Pilot scale
4 1,000 L Industrial scale example

SEPPIC A ERAFFMEA/N » f2EAMHBARV RS AL - SE R R EREdE 2 -
W% -

26 © JR7AEN SEPPIC (_E/g) RRMEEMAFIHERAEFTHER -
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SePPIC

SEPPIC

Within Air Liquide Healthcare

@airtiquide

THCARE

SepPPIC  schilke -+ VitatAire e

0, in home healthcare
ide Healthcare's 2017 50% inhor :

in medical gases, equipment

€34 billion 30%’ and services

20% " hygiene and specialty ingredients

Within Air Liquide, world leader in gases, technologies and services

SePPIC

Designer of specialty ingredients

% Seppic is a designer of
for health and
As a subsidiary of
contributes to
through




SEPPIC in ASIA

Singapore
N

* 50 employees
* 4 |locations, 1 production unit
* 16 countries

* 1,800 Customers

5Ty
Shanghai

Sales & Marketing, Finance & HR

SePPIC

SePPIC

SSCS

SEPPIC Shanghai Chemical Specialties

QINGPU PLANT

MANUFACTURING UNITS:

Worldwide, 2 plants are qualified to manufacture
Montanide adjuvants (veterinary market)

o MONTANIDE adjuvants, a unigue quality, worldwide.

*Best customer service
Stock and flexibility

Faster delivery, reactivity

» Reliability of supply: mutual backup

e A 7%

@ Headguarter

| /

. Production sites !
A AV Customer Technical Service Centers L ] |

\ /

L ) \_ M3
L 4
~———Castres:
Sepiprod

fTaAaAANAMNMAONMAONOONNNTNNTAEAHAOENUYUNNYYYYENYNYN
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SSCS QINGPU OPERATIONS & SERVICES

cTsc  —
Customer
Technical J

Service Center PR 1ON UNIT

VETERINARY VACCINE
ADJUVANT

DIN -
MONTANIDE™ ISA

Montanide™ adjuvant
from France
(Castres)

FROM CHINA, FLEXIBILITY AND QUICKER
DELIVERY

MPER SR, RE, BE

Importation and storage of Montanide
produced only in Castres (FRANCE):
HOFMCastres =& :

e MONTANIDE™ [SA 11 R VG
e MONTANIDE™ ISA 15 A VG
tr $I%T; e MONTANIDE™ [SA 28 VG
MONTANIDE™ |SA 206 VG e MONTANIDE™ ISA 760 VG
MONTANIDE™ |SA 201 VG e MONTANIDE™ GEL 01
MONTANIDE™ |SA 50 V2 ® others, depending on markst requast
MONTANIDE ™ ISA 61 VG SRR
MONTANIDE™ ISA 70 VG
MONTANIDE™ ISA 71 VGE

weTION
iy 3

MONTANIDE™ ISA 71

GENERAL PRODUCTION FLOW CHART:

. _ Raw Material, from Francelf#t#, %
Highly Technical A Characterization % / Synthesis& AL / Selection
Critical Step Formulation B2 %&£/ Internal test PYARR | Control #25
BERNEBSE ail Surfactant

] ‘lﬁ BEEER

in 5
Blending of oil & Surfactant System
HeETMENHRBEORS
Filtration and Packing j1i# &3

Low level of

criticity
EERNE
Sepiprod ... Quality SSCS,
’ Castres, France QingPu, China
Marketifih: Marketiih:
other countries besides of Asia and Pacific.
Asia Pacific. TEARE
BTEAEMREER




Manufacturing Process, fully dedicated to veterinary vaccine adjuvant

EATEAKSERNERE

1 2 3
Selected raw materials Loading raw materials ( no Blending
SNEs —_— direct human contact) — under N2 control atmaspheare
BARE (AHTRM) ERUENRITES
4

Quality control

In process €
EmE

5 6 T
Continuous Filtration on 3pm Continuous Filtration on 0.2 Filling in Class A: 100 room 100
PP cartridges 3um PE » MM PTFE cartridges 0.2 pm > SESER WS
ata PTFE @®itstie

Pharmaceutical unit §i#5(8g]
(Class C: 10.000 758

8 9
S505 Wargholse ——— Wrapping and Quarantine stock
BHEE (during 15 days ftor control)$T& <
HBTFHEEMT (M SEST
L ¢ ]

QingPu QHSE standards

CHINESE EHS Standard
PEFRRER SRS
{ Compliant since sept 2015)
(H201549R8 )
MandatoryiEE

Compliant with Air Liquide Industrial Management System

FemETl{EMkikR
(Audit in 2013 and 2015 F2013F /20155 #)

Jm|

SePPIC

CTSC: Excellence of assistance to our customers (AVI & COS)

BFHARBEPD: HEFREIEE(AVI & COS)

Customer.Technical Service Centers

EPBEARRSE D

Customers are trained to enlarge their
technical knowledge in emulsion | AVlischool
EASMILE Y, WEEAmE | AV w

Expertise on 4 continents

EREHIKM

Quality control of the vaccine, ;
Stability study to confirmthe ~ / Customer

antigen & adjuvant compatibility | Lab Sm
EHER RuRRETRSy | TOER North
R \ EE s -p
- ‘; Europe
o Y] )
Scale support from lab to _,-" 3?: &
industrial scale, /  Process South :
Assistance on site for vaccine|  Assistance A s
production | FEthEL EE;CE &
THUEHEN TS~ E &
=N ) by

NN AdaoNOOMOTYYadEuttuuN
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SePPIC

Quality control of

emulsified vaccines on
MONTANIDE™ |SA
adjuvants

Control of vaccines

1.  Emulsion type
* Drop test

2. Particle size
* Microscopic aspect
« Granulometry

3. Rheology
* Viscosity
- Syringeability
4. Stability
« Centrifugation test
* Real time stability study

performed the day after manufacture

Emulsion type

® [Drop fest

36

mulsions need some time to mature so characterisation tests are always

SePPIC

L HIEE R RN RN
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1. Emulsion type: Drop test

n order to check the type of emulsion

pour carefully 1-2 droplets in a beaker of water

ive a gentle stir

> The drop stays at the surface

= The drop diffuses into water

=~ One part stays at the surface
> One part diffuses into water

Particle size

® Microscopy

® Granulometry

2. Particle size: microscopic aspect (1)

f al W/O emulsion with optimised
and g 5

thin emulsion

N or OMW emulsion

SePPIC

37



2. Particle size: microscopic aspect (2)

e Example of good W/O/W emulsion
- Homogeneous and thin emulsion, particle size beiow 1 um

- Expectation of good vaccine stability

o Example of poor W/O/W emulsions
- Heterogeneous emulsien, with some large dropiets
- Expectation of poor vactine stabilit

"’_3

TEST SCALE RECUDEL AND
AN WITH THE SAMIE LATIC
THE S2AUE BETWEEN E37H BAR 15

wardionty it e SCPPIC

2. Particle size: granulometry

e Malvern MasterSizer 3000
- Measure of particle size distribution of the

emulsion by laser diffraction
- Particle sizing from 0.01 pm to 3500 pm

e Particle sizing results are highly
dependent on:
- Equipment, method, sampling, diluent...

SePPIC

2. Particle size: granulometry

o e
| weo IS Emulsion particle size distribution
o e A e One population of droplets
e 2 values of note:
= D{v, 0.5) Volume median diameter
50% of the volume of the antigenic phase I1s in droplets
larger than this value and the other haif is smaller

>  Div;0.9)
90% of the volume of the agueous phase is in droplets
smaller than this value

MONTANID | Emulsion ;:’:"“ﬂ' Dvi0.5) | D{vi08)
n 4
E adjuvant type Wi ) tim)
— ISAT1VG wio 70% wt 08 13
[~ 2 . o
g 5 | 1sat1save | ow 15% wt 006 012
L %‘ ISAZOIVG | wiom 50% Wi 015 045
F
& g

ISA 201 VG

i SEPPIC

Droplet sre (um)

38
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Rheology

® VJiscosity

e Syringeability

w

. Rheology: viscosity

Measure of a fluid
resistance to a flow

Viscosity measure highly dependent on method
Brockfield viscometer DVI+
LV spindle (1, 2. 3. 4: m
60 rpm

SEePPIC

3. Rheology: syringeability

» Test designed by SEPPIC to give an idea of

ity through a needle 21 G

the dynamic visc

o Materials
10 mL syringe

e Method

Time necessary to release 10 mL of emulsion from

10 mL syringe with 21G needle when a s

SePPIC




3. Rheology: viscosity and syringeability

MONTANIDE | Emulsion Adl:va[n't Brookfi.eld Brookfield Syringeability
adjuvant type con en‘ in ViSCOSIty spindie/ speed Approximate value
emulsion (mPa.s) (s)
ISA 70 VG, ] '
ISA 71 VG : 70% wt 30-45 ke 25s
e e I"'" 'ﬁ _—_ - 4 Spln [=3 —_——
ISA 61 VG B0% wt 35-50 60 rpm 25s
ISA 50V2 50% vol. 220-340 50-55 s
ISA15AVG | gl 15% wt 286 | (v spindie 1 =83
ISA 25 VG 25% wi 26 S0 mm <6s
ISA201VG | el | S0%w S [ e 3
ISA 208 VG 50% wt ~ 30 60.rpm 7s
SePPIC

Stability

® Emulsion defects
e Centrifugation test

® Real stability program

4. Stability

e Stable emulsion

defect
when the properties of the emulsion are conserved

hand reversible defect

Critical defect
- severe coalescence happens with permanent modification of droplet size

- breakage => impact on vaccine properties or process reproducibility?

ility: combination of intensity of defect and time of apparition

by
centrifugation

Resiste
Real time stability program

SePPIC
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4. Stability: resistance to centrifugation

. i _» Physical stability (gravity)
Vaccine stability =
= Chemical/bioclogical stability fantigen/surfactant interactions)

¢ Centrifugation: simulation of gravity accelerated stability
Qualitative assessment of process efficacy at time 0
Mot a quantitative prediction of shelf life

« Protocol e Centrifugal force

10 mL samples
speed 2570 G (3700 pm) G =1.119%107° x Rx N?
30 min at 20°C
record the defects R: centrifuge radius (cm)
N rotational speed (rpm)

SePPIC

4. Stability: real time stability program

e Emulsion appearance checked at time 0

e Evolution of emulsion aspect under stressed conditions:
Samples stored in glass bottles at 4/ 20/ 37°C
Aspect checked over time and defects recorded

WOW emulsions made in direct process = 37°C stability not performed,
as it is not correlated to emulsion long term stability

Temperature | As per
Purpose siorage 15 days 1 month 3 months & months | 1 year fidas
4°C U4 ] v
Process m
efficlency 20'C L L4
i 3rc 7/ 7
4°C 4 v o v
Shalf life 20°C 7 v 7/ 4 | L4 E
definition 3
arc o 7 |

= Vaccine shelf life definition, routine control, process optimisatign

PPIC

4. Stability: possible defects of W/O emulsions

ol
{a-am
froe s Wio
LZ’:: Over Tine ("‘I" L“:“H“‘“w
P I A,
i : o
'l : 9“ ;.
< T S £, ¢
oy o = L) =
I+ 48 = -
i 1 i
& 1 . Coalsscance of paticles
Emuision less Ermuilsion more: .
cancantraied in » . concentretad in largee * ° = Emulsion more
particies . particles of water ] EonERnirEtid 1 watel
= Emutulun more /
concentrated m oil 2 L _
: G
P o =
External phase release Sedimentation Internal phase releass
due 1o gravity dus fo particle size due fo coalescence

differance SPPP,C:
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<
Defect name Non critical defects | Critical defects
0% oo 3% | 3% ] 100%:
- e [TL_sonon
| r el
External phase J' [
release / | o Emution
i
Qil layer = e i
Non critical defect 5
« gaslly reversad by hand shaking- - Large oil layer sl no difference in vacoine behaviour as hand
- back ta initial homogeneous concenration aof shiaing will provide hamogsnous vaccine egsin
aritigen aroplets after shaking - Critically assthetic defect ' procass could nesd improvement

Two layers of
emulsion

Sedimentation

Non critical defect

- Colour contrast might ncreass over tima
- Upper layer could potentially evolve towards ol ayer over tima
- Strong sedimentation might be improved by process optimisation

- asily reversed by hand shaking- |
- back to indial homogeneous concentration of | ‘

SePPIC

4. Stability: defects of W/O emulsions (2)

| Defect name Non critical defects l Critical defects
Smad breakage {<1%) Bresuags (»1%)

Internal phase
release

Water layer /
coalescence i

1]

- Somatimas difficult to ses -Rmdmsnﬂmhcm.nnmnmm.ﬁfwmmw

- if the drop does not evolve in larger breakage re-homogenised: hand shaking is insufficient
aver time, It can ba tolerated - Needs procass improvemant

s Importance of the defect depends on the time of apparition;
Presence of a drop after one year storage at 20°C is not a problem

Presence of a drop after one month storage at 4°C is a warning, as this can
remain the same for one year or get worse over time

SepPPIC

4. Stability: possible defects of O/W emulsions

=, Coalescance of
pearticlis
= Emulin moee
concantated in of

.. Eruinion concentratea
in bigges particies of oil

External phase release Dephasing Internal phase release
due to gravit: due to particle size due 10 coalescence
: difference SPPP,C .

AT
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4. Stability: defects of O/W emulsions (1)

Defect name

Non critical defects

Critical defects

Internal phase
release

Oil layer

0% o 5-10%

*5-10% = ==

hon critical defect

- easdy reversed by hand shaking-

- back to nitial homoganeous concentration of
antigan droplets after shaking

- Tolerated up to 5-10%, depending on storage temperature and
time of apparition

Twa layers of
emulsion

| Creaming

R — 1+ 8

iH

Non critical defect

- easily revarsed by hand shaking-

- back 10 inMal homogenecius concantraton of
antigen dropiats affer shaking

- Large creaming: still no difference in vacoine behaviour a8 hand
shaking will provida hamogencus vaccine again
- Critically aesthetic defect if impartant defect

TSIV | < i o | O

4. Stability: defects of O/W emulsions (2)

Defect name

Critical defect

External phase

release
Water layer - ]

| ] m
1
-

- Looks ke breakage (crtical defect of WO emulsion)
- ical and nol accaptsble for O amulsions
= Mot fraquent with our O/W emulsions

SePPIC

4. Stability: defects of W/O/W emulsions (1)

Defect name .

Non critical defects

Critical defects

Internal phase

510% g 100%

release
Qil layer
Non critical defect 5 S—
- easily raversed by hand shaking- - Prasance of oil layer can be tolerstsd up to 5-10%, depending an
- back {0 initisl homogeneaus conceniration of | storage ire and time of app.
aritigen droplets after shaking - Needs o be improved
|
gt Nesiaeies i
ey
Two layers of ; = ) = =
emulsion E';J m }
4
e e i
Creaming Non critical defect =
I

- easlly reversed by hand shaking-
- back fo initial nomogeneous concantration of
anfigen dropleds after shaking

- Stlli not criticai defect as reversible by hand shaking.

but gannol be accepted if very heterogenacus aspect
SePPIC
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4. Stability: defects of W/O/W emulsions (2)

Defect name | Non critical defects Critical defects

o et B/ e — Drop Breaknge {~1%)
’ " | IS
1

External phase L%

release .
. o v

Water layer

- Sometimas difficult to see - Looks ke savers breakage for 2 WI0 emulsion

if tha drop does not evolve in larger breakage - Far WIO/W emulsions, defect often linkad with
over time. it can be tolerated L

e Importance of the defect depends on the time of apparition

FPresence of a drop afts

Prese

t 20°C is not a problem

of a drop after one at 4°C is a warning, as this can

wer ime

1 the same for one year

SePPIC

4. Stability: influencing factors

The stability of an emulsien can be influenced by

e 0l and surfac

SePPIC

Thank you!
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SEePPIC

Water-in-Oil
emulsion vaccines: kel 1
Process, scale up, manufacture " Sese——

Vaccine adjuvant and emulsions

Our adjuvant development aims to obtain:

e a product
injectable, homogeneous and sterile,
efficient and safe
robust and stable, able to smoothen antigen variability

e aprocess
robust and reproducible at large scale
optimised for equipment
compatible with manufacturing needs

SePPIC
1. Water-in-oil emulsification process
2. Process scale up
3. Water-in-oil processes at different scales

SePPIC




e Droplet formation
e Rotor stator

e Emulsification processes

W/O emulsification ) p
e Pre-emulsion o Emulsification
Addition of water in oil High shear energy
Low shear agitation Droplet size reduction
Formation of large droplets Emulsion stabilisation
Adjuvant
. &= _.
L P
Pre-emulzion Finalemulsion
SePPIC

Rotor stator mixer principle

) |

Pre-
emulsion

High shear energy brought by rotor stator mixer:

Pictures courtesy
of Silverson Lid

AR
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Subtypes of rotor stator processes

Batch process Inline process
?Vefhead ! Bottom driven Recycling Transfer
mmersion
1 L
T C *l__ W e m
e | R |
| .
g =
SePPIC
Batch processes
e Easytouse
e Reproducible
o Expensive at large scale (high power consumption)
Overhead mixer Bottom driven mixer

B
=1 B

.“‘:L/

Pictura courtesy af SHversan Lic

F{Q

SePPIC

Inline processes: Recycling

Efficient process if good recycling

Longer process than batch process

D)

Picture courtesy of Silverson Lid

Agitation critical to emulsion homogeneity
More complex to clean/sterilise than batch process

Statistical recirculation times for each droplet

SePPIC
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Inline processes: Transfer

e Process needs two manufacturing tanks s swzon
e Full control of process - I — !
e More complex to clean/sterilise : |
e Longer process than batch process '
e Several passes are required ﬁ
SRE EMULSICN EMULEION

m g | e

VI 7
|l | i =T e Or less passes with serial mixers

SePPIC
Pooling

e Final batch size increased by combining several sub-lots

e Can be applied to all types of processes mentioned before

e Example for transfer process

PRE EMULSION
r: = = High shear

SePPIC

® Formulation critical parameters

® Process critical parameters
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Process scale up

e Insure vaccine production from lab to industrial scale
Transfer from R&D to manufacturing
Optimisation to answer sales increase or cost optimisation

e Increase chances of success
Aeccommaodating existing tools or finding the right balance between
equipment investment and process efficiency
Minimising risks (feasibility, maintenance, forecasts)
Optimising working conditions: safe process, compatible with industrial
needs (duration, cansistency, records)

e Scale up: guaranty for long life of vaccine production process

SePPIC

System critical parameters

e Scale up = reproduce similar quality and properties at different scales

= Need to characterise the system {equipment + product}

= \What are the critical parameters?

Formulation critical parameters

Ratic oil / water,

Aq ueous phase composition (concentration, surfactant compatibifity, )

Process critical parameters

Exposure to high shear energy (mixer, rotor speed, position, process duration)
Equipment homogenisation capability (tank geomatry, agitators, defisctors),
Emulsion temperature,

Pre-emulsion step

oo SePPIC

Formulation critical parameters
Aqueous phase composition (1)

¢ |Influence of aqueous phase (antigen, placebo...) on vaccine
Physical properties (droplet size...)
Chemical properties (stability...)

Fameis vize DebD |

Tima pming

e — s DOPPR:

49



Formulation critical parameters
Aqueous phase composition (2)

e Interaction antigen/adjuvant can change the stability

/WJO emulsion i ¥ \

Aqueous phase:
maode! destabilising
antigenic medium

Stability result after ISAT71VG ISAT1 RVG
Qmonths at 20°C Broken Stable /

e \/accine: synergy {antigen/adjuvant}
Compatibility/ stability is to be assessed at lab scale along with efficacy and safety

SePPIC

J

Process critical parameters

e Exposure to High Shear (HS) energy: rotor-stator
HS mixer: geometry, tip speed (radius x rotation speed)
Mixing duration

¢ Equipment homogenisation capability
Tank geometry (dimensions, baffles. )
Agitation : speed, type/ number/ size of low shear agitators
Speed of agueous phase addition

e Emulsion temperature
e Use of a pre-emulsion step
= Scale factor

Maintain homothety: keep geometnc ratios constant as much as possible between the scales
Need to adapt to logistic constraints with available equipments at lab scale and workshop

= \Validate the process with industrial trials and real time stability

= Changes in phase ratio, batch size, antigenic phase (multivalent,
concentration) are process deviations and require additional validation work

SePPIC

Process critical parameters
Tip speed

A W/O emulsion is stabilised through droplet size reduction by high
shear energy, which depends on rotor speed.

For process comparison, key parameter is tip speed, not rpm speed.

At same rpm speed, tip speed (m/s) can be very different:
Target 215 m/s at large scale

High shear Rotor Rotor anguiar | Rotor tip
mixer diameter | spead spead
Silverson 450 114 mm 3000 rpm 18 mis

3000 rpm 11 mis | — Acceptable but defects appear faster
Silverson 275 70 mm

4200 rpm 15 mis
KA DR 2000/4 55 mm 7950 rpm 23 miz

2000 rpm 18 mis
Fluka FDC1/180 | 180 mm

2800 rpm 26 mis
Fluke FDC1/100 | 100 mm 3500 rpm I 18 mis

M oaonaaoaaonaoaaonaaoaononaonnaoaaoaaononaaannonnnaannonnnnemnnmmeannman n
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200 g lab scale

i kg small pilot

70 kg pilot scale
1000 L industrial scale

W/O emulsion scale up

e 200g Lab scale
200 g SEPPIC lab scale (Silverson/ IKA/ Fluko)

SePPIC

200 g W/O lab process

» Silverson

- Silverson L4 or L5
Standard emulsion grid

- 250 mL low form beaker

Process

- Addition of agueous phase
in adjuvant at 1000 rpm

- High shear step
3 min at 4000 rpm (7m/s)

o |KA Ultra Turrax

- IKA Ultra Turrax T25
525-18G working head
- 400 mL tall form beaker

e Process

- Addition of aqueous phase

in adjuvant at 7000 rpm

- High shear step
3 min at 15600 rpm (10m/s}
(level 4)

e Fluko

- Fluko FA25
20G working head
- 400 mL tall form beaker

o Process
- Addition of agueous phase
in adjuvant at 7000 rpm

- High shear step:
3 min-at 14000 rpm (9m/s)
{level B)




WI/O process scale up
200 g scale — lab Silverson

200 W/O process - Placebo emulsion with 70% wt of IS4 71 VG

v Droplet size reduction on Sliverson LS at 4000 rpm
w0

v o)

granulometric profile,

Process optimisation = finding best compromise —» emulsion temperature,

. emulsion stability

SePPIC
W/O emulsion scale up
e 10kg  Small pilot
Batch, Transfer Silverson L5
SePPIC
10 kg W/O process
Batch / transfer
e 10 kg batch process e 10 kg transfer process -
- Silverson L4 or L5 - Silverson L4 or L5
standard emulsion grid (EMSC) Fine emulsion grid (FEMSC)
- MONTANIDE™ ISA 70 VG - MONTANIDE™ |SA 70 VG
* Process s Process
- 10 min premix - 10 min premix
) min at 7000 rpm (11mi/s) - 10 passes at 6000 rpm (10m/s)

SePPIC
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WI/O process scale up
10 kg batch process

Higher mixing speed and time: particle size B but temperaturefid
» OK at small scale / short processes but need T control for larger / longer batches

10K, 2 ide 1S4 JOVG ooges:
rj'?uwn: . ) Banicle size svalution -
: L“l\ < = = =
R e
s e Mg S e e s L)
- SePPIC
WI/O process scale up
10 kg transfer process
B Particle size decreases with number of passes
10 kg emulsion similar to lab emulsion after 10 passes
E— 10kg emulsion on Montanide ISA 7QVG
i Transfer process with Silverson L4RT
| ¢ e e
— . SePPIC
W/O emulsion scale up
e 70 kg Pilot scale
Silverson 275
SePPIC




70 kg W/O process
Recycling

e Equipment

emulsion grid (FEMSC)
Frequency modulator (ProxiDrive IP86)
Double jacketed vessel with low shear agitation

e Process
1/ pre-emulsion step

Agueous phase addition: 8 L/imin
15 min paddle agitation (100 rpm)

2/ HS emulsification step
High shear recirculation : 50 min at 4200 rpm
(70 Hz, 15 mls)
Vessel under low shear agitation

Maintain emulsion temperature < 25°C

SePPIC

WI/O process scale up
70 kg recycling process

70 kg process optimisation At larger scale, it is possible to
achieve a better emulsion than the
lab process, with smaller particle

with Silverson 275 LS

p—— size and better stability.
Becycling piocecs Sivereon 275LS
on ISA71VG at 70730 WV
; ¥ T y— Hubithy Btalfey
i 1 manth 12 manths

s LRI Process
“|| ST, vc | e | e v | e
b Lats 10% S%0L | 20%0U 0% 9%
\ peocens | secm | 13% sedim, | 30% secio | sedim | sedm
ll\ sgu":m 1| 100U | 20%OL 10% 25%
Y 2rsLs | Fedm | 10%sedm | 30% secim. | sedin s=im

A LS 1

\~ 17 mny

. | sl 15% 0L 250
; 4200 pm 5% nectim
.\. 27515 sedm 10% sedim, | 25% sedm. awifim
\\ — .

A0 ren
Mo ? 15% OL = 25%
‘-\ 40em | aetect | THOL iswaeam | T | sesim

80 men |
No 25%
E ——— - 4200 pm 2% 0L 1% oL ™oL ¢
\1\1\_‘\‘ | patic deect | sedim
Frocem m-:u mmn}

SePPIC

W/O emulsion scale up

e 1000L Industrial scale example
Recycling  Silverson 450

Transfer Fluko FDC3-100

Top mixer  Dedong - Beide

SePPIC
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1000 L W/O process
Recycling

e Equipment
iiverson 450 UHS
Standard emulsion grid (EMSC)
Double jacketed vessel with low shear agitation

* Process

Aqueous phase addition : 15L/min
45 min agitation (400 rpm)

2/ HS emulsification step
High shear recirculation - 45 min at 3000 rpm (18 m/s
Vessel under low shear agitation
Maintain emulsion temperature < 25°C

{ _ redianty it inigire  SOPPIC

W/O process scale up
1000 L recycling process

Process optimisation on 1000 L vaccine with 70% weight content
of MONTANIDE™ ISA 71 VG with a Silverson 450 UHS

Stability Stability _]
et taat Granulometry 1 month 12 months
Process 60 min - | -
Dvso DOwal = s » -
lwm) | () Pinlle i e A i e
| [ 5% OL
; 2% OL 10% OL 10% OL 10% OL
B0 | cof sein | 08 | 12 —L = ek R S 5% sedim | 5% sedim. | 5% sedim
SGIEL 1 sedim.
T iR 2% OL y
) 2% OL 5% OL 10% OL
ssmin | o |08 | 13 ' No defect | 5% 5% OL 5% sedim 5% sedim
Rt =iz 1o sadim.
: 2% 0L ' ¥ 5% OL 5% OL
somin | ot |08 | 14 | ‘ Nodefect | 2% OL | 5% OL 2% sedim, | 5% sedim
|

A longer process is improving stability, even if there is only a small difference of particle size

SePPIC

1000 L W/O process

Transfer
_!‘r._;TJ
e Equipment o

Fluko FDT3/100 (3 double rotor stator)
Double jacketed vessel with low shear agitation

e Process

1/ pre-emulsion step
> Agueous phase addition . 15L/min

45 min agitation (100 rpm)

2/ HS emulsification step
High shear transfer. 2 passes at 3550 rpm (18 m/s)
Vessel under low shear agitation
P1=08bar, P2=02 bar
~60 min per pass for 50/50 wiw emulsion
Maintain emulsion temperature < 25°C

SePPIC
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W/O process scale up
1000 L transfer process

Process optimisation on 1000 L vaccine with 50% volume centent
of MONTANIDE ™ ISA 50 V2 with a Fluko FDC3/100

Stability Stability
Centri test Crentiormetsy, 1 month 12 months
Process
SOmin oo | owe ” " . . .
i B Prafile 4°C 20°C e 4°C [ 20°C
1 . .
Piacebo |
iab s%O0L | 09 | 15 5% 0L | 10%0L 5% OL 20% OL 1uf:ég—ﬁm
o |
I i 10% OL
Passt | swor |08 | 12 || | SOk | ameoL | OO | 2EREN )k iy
. 10% OL
Pass 2 2%0L | 08 | 13 5% 0L | 5%O0L 5% OL 20% 0L | o0 comaming
| | 1e%o0L
Pass 3 2%0L | 08 ! 14 5% 0L | 5%OL 2% OL 15% OL | Tl
L et A longer process can help reducing the oil layer SPPP’C

1000 L W/O process
Batch - top mixer

¢ Equipment

Top mounted high shear mixer (Dedong or Belde)
Double jacketed vessel with low shear agitation

e Process

1/ pre-emulsion step
Aqueous phase addition : 15-20 L/min

= 20 min under agitation (impeller prefered. if not available,
reduced high shear speed to allow good mixing)

2/ HS emulsification step

> High shear speed : 60 min at 2800 rpm fa.mh size 300 L 1000L

Vessel under low shear agitation if possible [ o Tl

Maintain emulsion temperature < 25°C
1500 rpm or 3000 rpm
Max speed 2800 rpm {mode! dependant)

SePPIC

W/O process scale up
1000 L top mixer process

Process optimisation on 300 L and 1000 L vaccine with 70% weight content
of MONTANIDE ™ ISA 71 VG with a Dedong top high shear mixer

Centri ¥ Stability 1 month Stability 6 months
Process test | .. ]
somin | o | G Profie 4°c 20°C ETale 4c 20°C
20 min 2% OL 2% oL
300L | Lo om | 2%OL [ 05 | 08 P Nodefect | Soc | S%OL |Nodefect| " 0
40 min | 5% OL 2% 0L
1000L | (ooamom | 2%0L [ 07 | 13| 10%sed | 10% sed | o \r | 10%sed [ S0 0
1oooL | S9M0 | ool | o5 | o8 Nodefect | 2%OL | 5% OL |Nodefect| 2%0OL
2800 rpm = - . R
oll ey ( Sedim Sadimenitatan WL water layee gitics & 4°C or sarty at 20°C

Top mixer process: not always successful, but good stability possible
Large scale rotor speed; 2800-3000 rpm prefered, 1500 rpm acceptable but not optimal
(larger droplet size can cause reversible apparition of sedimentation)
Independant low shear agitation prefered (optimal premix step, vaccine homogeneity)

SePPIC

AR
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Process optimisation

e High shear mixing time is dependant on:
High shear mixer
Type of process
Vessel
Batch size
Antigen

o Process optimisation

Take emulsion samples at different time points and perform QC tests in
order to select the most appropriate conditions.

e SEPPIC is happy to provide help and support to help with the process
optimisation.

SePPIC

WI/O processes through the scales

Process examples, more available on request to fit specific configurations

Batch size | Process High shear mixer Rotor speed Process duration
200g Batch Silverson LS wfmm 3 min
2009 Batch Fiuko FAZ5 14303 din 3 min
10kg Batch Silverson LS T{;{;!Dn;?sm 10 min
10 kg Transfer Silverson LS 6230r;im 10 passes
70 kg Recycling Silverson 275 UHS 42‘05123;“ S0 min
1000L | Recyeling | Silverson 450 UHS 3013“"':;“;’ 45 min
1000 L Transfer Fluko FOC3100 35]‘580”?:‘ 3 passes

Conclusion




Conclusions (1)

> Formulation
> Process
> Control

SePPIC

Conclusions (2)

e W/O emulsion
High shear energy

o Before scale up, we need to:
Understand well the formulation behavior (robustness, limits,
critical parameters)
Set up QC tests to evaluate vaccine quality

¢ Industrial scale up is a compromise between:
Critical process parameters
Existing / new equipments (cost)

> to obtain a sustainable process able to insure efficiency and
consistency

SePPIC

Conclusions (3)

e QC controls

Assessment of process efficacy during scale up
Routine tests during daily manufactures

¢ Future modifications might be needed in the system:
phases ratio, batch size, antigenic phase (multivalent,
concentration):

> Change in the system previously optimised: need for additional
validation work

SepPPIC
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