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Disclaimer mc

microcoat

The opinions expressed in this presentation and on the following slides are solely those of
the presenter and not necessarily those of Microcoat. Furthermore, there is no liability or
responsibility for any errors or omissions in the content of the presentation. Given
references may chance over time and should be interpreted only in the light of the
particular circumstances. This information is provided “as is”, with no guarantees of
completeness, accuracy or timeliness, and without warranties of any kind, express or
implied




Expertise and Focus mC

microcoat

Example for support by Microcoat for measuring your sample in the MAT:

Potential Solutions:

- Check test inhibition and enhancement (Endotoxin) = Different methods/kits

- Check test inhibition and enhancement (Non-

; = Different read-out parameters
Endotoxin Pyrogens) P

- different cytokine
- Improve methods/protocols - Different cell system
- whole blood vs. cell line vs. PBMCs

Guidelines . ;
EP 2.6.30, FDA (Q&A): alternative test gﬁer?”t ?"AT” setup g
For method validation: ICH Q2 (R1), USP ratio of cells to medium
<1225>, USP <1223> \ J
= Development of dedicated MAT setup
Routine

Testing 4= Validation ¢umsssm  Protocol =mm = Exploratory

Case study 1 — Basic workflow mc

microcoat
Getting ready for testing a biological drug product with MAT
- ) - Product-specific )
Product feasibility Generic validation cu-sp Release testing
validation
Standard plate layout (product-specific validation):
1\ 2 3 4 Bl ol 7l g q 10 11 12

IA Endotoxin STD 1 sample dilution 1 samplpe dilution 2 + LTA

B Endotoxin STD 2 sample dilution 1 + RSE samplpe dilution 2 + Flagellin

c Endotoxin STD 3 sample dilution 1 + LTA samplpe dilution 3

D Endotoxin STD 4 sample dilution 1 + Flagellin sample dilution 3 + RSE

E Endotoxin STD 5 sample dilution 2 sample dilution 3 + LTA

F Blank (medium) sample dilution 2 + RSE sample dilution 3 + Flagellin

G LTA — 0.5x spike LTA — 1x spike LTA — 2x spike

H Flagellin — 0.5x spike Flagellin -1x spike Flagellin — 2x spike

Standard read-out: IL-6

Standard interpretation: 2.6.30, Method B (semi-qualitative)




Case study 1 — Basic workflow

mc

Getting ready for testing a biological drug product with MAT

Product-specific

microcoat

Product feasibility Generic validation o Release testing
validation
Example of Product A:
MAT release testing performed with the pilot product Result:

Pyrogens used: RSE
Product batches: 3

Product dilution Release criteria Pass/Fail
1x MVD <1lxLloQ < OD(0.05EU/mL) Pass
0.5 x MVD <2xLl0Q < OD{0.1EU/mL) Pass
0.3 x MVD <3.4xL0Q < 0D(0.17EU/mL) Pass

n  MAT passed, no
pyrogens detected

= In parallel, the RPT also
did not detect any
pyrogens

5

Conclusion: To fulfil global regulatory requirements, full method und

product validation needed.

Case study 2 — Deviation from routine test

Product X interferes with standard MAT

mc

microcoat

PPC recovery using IL6 as readout

250 Bars = Endotaxin recovery (%) in drug product
>
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Dilution

Valid recovery at MVD only

Strong interference detectable
Product X needs another readout

than IL-6

IL-1B Read-out

> Valid PPC recoveries for all dilutions and spikes Biution sample 001 RSESpko | LTA Spike | Flagalin Spike

> Values for samples w/o spike below LOQ (0.05 [0D%-0 ob*00H | (on*.00H
EU/mL RSE) 0.25x MVD 0.078 0.05 0.41 031

> BUT: ELISA lot-to-lot variances with respect to 0.5x MVD 0.090 0.04 0.46 036
BLK value 0.076 0.06 043 030

ODP = measured OD value in sample without spike ODS = measured OD value in sample with spike




Case study 3 - Synergistic Effect mC
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Mixing of pyrogens
60,0
50,0
= Flagellin uLTA-SA
— 40,0
£
(=
2 30,0
Q@
=
20,0
o 1R
LPS Pyrogen Theoretical Measured
= Synergistic effect of Flagellin and Endotoxin
= Synergistic effect of LTA-SA and Endotoxin
|7

Case study 3 — Synergistic effects mc

microcoat
Spike recovery > 200 %
Endotoxin LTA -

_— Measured o - Fla Spike " . " "
Dilution [0DP] [OIS)E-I(k)E:)P] [OIS)E-I(k)E:)P] [ODS-0DP] Status OD-BLK | 0.5 x Spike 1 x Spike 2 x Spike
Dilution 1 0.059 0.208 0.246 2.050 Invalid E i 0.094 0.266 1.414
Dilution 2 0.056 0.243 0.149 1.325 Invalid LTA 0.016 0.033 0.150
Dilution 3 0.119 0.164 0.077 1.571 Invalid Fla 0.147 0.581 1.056
Spike of Product B with Endotoxin, Lipoteichoic acid (LTA) Spike of Media with Endotoxin,
and Flagellin (FLA) Lipoteichoic acid (LTA) and Flagellin (FLA)

> Unspiked Product B: OD < OD(LOD)

> RSE: Valid recoveries with all tested dilutions

» LTA: Invalid recovery with dilution 1, valid recoveries with dilution 2 and 3
> Fla: Invalid recoveries for all tested dilutions (OD > OD(2x spike))

Product B may contain low level pyrogens (ie., below detection limit)
- Synergistic effects in a sample are not predictable
=> Synergistic effects may cause PPC recovery > 200 %

ODP = measured OD value in sample without spike ODS = measured OD value in sample with spike




Case study 3 — Synergistic effects mC
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Assessment of PPC results
N N
Sample below Sample above
LOD LOD
PPC < 50% PPC 50-200% PPC > 200% PPC < 50% PPC 50-200% PPC > 200%
- .I‘nhibition No interference Synergism Inhibition No interference Synergism

H
H
H
H
H
H

[ Invalid Valid Valid Invalid Valid Valid

0
)
i

Pass Fail Fail
~ N ~—’ ~—
|9
Case study 4 — An alternative to BET mc
microcoat
The challenge: Analysis of VLPs
Endotoxintest | Units VLA A "> BET not reliable/robust for given test articles
) 30-80 et o | <3s0:5273 | >350;>083
T”"’wg’“’"c Ellimg 3 154.8 3473817 8530
e T R - P
Analysis of growth medium with MAT and LAL
Method D:T?;:mogemc Average values - - MAT reliable/robust for given test articles
kinetic method 3,630 ELVmL 1,103
(Ph. Eur. 2.6.14.)
{P: %":E;‘gol} 32 EEUSmL 5
Comparison of two different MAT methods
glﬁ [T] =PBIC MAT = MAT is the preferred test method
Em} O Monocytic ool lne MAT
9 T |10




Case study 5 — Low Endotoxin Recovery mc
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LER Study — MAT (quantitative Interpretation) vs. LAL

Results from LER study in LAL at day O Results from LER study in LAL at day 2
R R
Measured | EU/mL x t:‘:::::y PPC Measured | EU/mL x (:‘;‘::::y PPC
Dilution | value in DP | Dilution . In. in DP Dilution | value in DP | Dilution S in‘ in DP
EU/mL, in DP 9 EU/mL] in DP 9
[EU/mL] in PR [%] [EU/mL] in DP [%] [%]
1:125 0.103 1.29 86 136 1125 0.0115 0.144 9 125
1:25 0.0563 1.41 93 155 1:25 0.00648 0.162 11 99
1:50 0.0241 1.21 81 100 1:50 | <000330 | <0.165 <11 97
Results from LER study in MAT at day 0 Results from LER study in MAT at day 2
R
Measured EU/mL x t:‘:::::y PPC Measured EU/mL x Tsc::vary PPC
Dilution | valuein DP | Dilution | ' ' | in DP Dilution | valueinDP | Dilution :alu:':;' in DP
EU/mL] in DP 9 i 9
[EU/mL] in DP [%] [%] [EU/mL] in DP DP [%] [%]
1:1 0.654 0.654 44 86 * 1:1 <0.125 <0.125 <8 104
1:2 0619 1.24 83 142 1:2 0.193 * 0.386 26 36
1:4 0.412 1.65 110 119 1:4 <0.125 <0500 <33 103
1:8 0.202 1.62 108 100 1:8 <0125 <1.00 <67 111

*CV > 30 %; Note: Spiked water controls were stable ie., 50-200 % over time (data not shown).

> In Product DP, a LER-effect was detected with MAT and LAL

|11

Case study 6 — Comparability testing mc

microcoat

Method C — An example
- Product with inherent pyrogenicity

- Multiple product batches needed
- Analysis of dose-response curves
- Definition of EC-50 criteria

5+
5+
@ Reference @ Reference
4 5 Test Item 4+ % Testitem
= =
g g o
b4 b4
2 o
2 e
5 2 5
a 21
o o
14 14
T T 1 T 1
0.1 1 10 100 01 1 10 100

Product Concentration Product Concentration

» Method shows low intra-assay variability
> Method allows for assessment of batch-to-batch comparability

|12




Take home message mC

microcoat

> Broad application of MAT possible

> Robust MAT kits available, however adequate sample preparation needed

> MAT allows analysis of complex samples/matrices

> Synergistic effects may require additional assessments

> To fulfil global regulatory requirements, full method und product validation

needed
|13
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Pyrogenicity Testing from the Biopharma and
Plasma Industry Perspective

Peter L. Turecek
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* Peter L. Turecek is a full-time employee and a stock owner of Takeda

iy Takeda Pharmaceutical Company Limited




I Agenda

G) History of Pyrogen Testing from an Industry Perspective \

.) The Eau Claire Incident \

.) Plasma Industry Status \

.> Future Pyrogen Testing Strategy \

.> Summary and Conclusions \W

5 \

fTusediy  Takeda Pharmaceutical Cnmpanyzllmtled

History of Pyrogen Testing
from an Industry Perspective




A long history in plasma-derived therapies (1/2)'12

OIH - Osterreichisches Institut fiir Himoderivate and IMMUNO
) ‘5‘ founded in 1953 and 1960
En

1964

1975

1986 1991 1994 1997

First plasma- Human Introduction FIX Concentrate | Immune Globulin Acquisition of
PLASMA-VAC allowed pheresis in Coagulation Coagulant of S-TIM (Human) IV(Human), | Immuno by Baxter
separation of plasma from Europe | FII, FVII, FIX, FX, Complex treatment s/p

whole blood for storage (in Vienna) Protein C

1978 1978 1992 | 1995

Q1941 1952 1968 1988

L First First Fibrin Sealant New plasma Antihemophilic Human Introduction
Hyland Laboratories is the first . . . N N
to produce and distribute commercial commercial fractionation Factor (Human) Plasma-Derived of 1Q-PCR
albumin Fvil plant built Method M, ~ Coagulation FVIII
plasma
concentrate Monoclonal Concentrate
R e pucnoenes | purified
v, PCR, chain reaction; S/, d.
1. Takeda. Available at: www.Takeda.com/who-we-are/company-i ion/ Accessed November 2022; 2. Kim J. 2019. Available at: s/repor 2019/pdt_20191115.pdf Accessed
November 2022; 3. Negrier C, Gomperts ED. Haemophilla, 2006;2-3; . Clinical Drug Experience Knowledgebase. Immuno AG. Available at: htps; uwww cdek liu. edu[org[lBO[ Accessed November 2022; 5. Pharma Boardroom. Directory: Baxter Austra. Avallable at:
ia/ Accessed November 2022. 6. Baxter Available at Accessed November 2022. 7. Baxter Healthcare. Available at:

uk/our-story/our-history Accessed November 2022; 8. Biolife Austria: Available at: https://www. Qlasmazenlrum at/en/ueber-uns/ Accessed November 2022;9. Takeda. Available at:

takeda Accessed November 2022; 10. Esposito S, et al. PLOSone 2016;11(4):e0151533; 11. Storch H, et al. Beitr Infusionsther Transfusionsmed 1997;34:31-6; 12. Speaker’s experience.
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A long history in plasma-derived therapies (2/2)'-8

Baxter Ba::alta shire

2002

Alpha,-Proteinase
Inhibitor (Human)

1999

Antithrombin
1l (Human), EP

2005

Immune Globulin
IV (Human),
10% Solution

2006

Human Normal
Immunoglobulin

2016

Shire acquires
Baxalta

2010 ] 2015

Alpha, Proteinase | Baxalta spins off
Inhibitor (Human) from Baxter

v

1998 2001 2002 2005 2008 2013 2016 2019

Integration of Baxter’s Human Start up of Albumin C1 Inhibitor |Immune Globulin | Immune Globulin | Takeda acquires
Hyland Division and Protein C GPS facility® (Human) (Human) & Infusion 10% SC (Human), Shire raked‘z
Immuno AG to form (Human) with rH 20% Solution

Baxter Hyland Immuno Hyaluronidase
later called BioScience

7S, okl Pathogen Safety, V. intravenaus i, recombinant human; S subcutaneous.L. Takeds, Avalable at h formation/ Accessed August 2021; 2. Kim J. 2019, Available at:

keds investors/report, 5015/t 20151 g ol
November 21 egmev € Gomperts €D, Haemophiia, 20 4 Baxter 10-K Annual Report 1998, Avalable ;s /Investor bastercom/investors{sec-flings/sec-flings-detals/defaul asptFilingld=168431 Accessed November 2022, . Federal Trade Commission
20051476, Avatble s r: ccessed November 2022; 6. BioLife Austria: Avallable at: https://www.plasmazentrum.at/en/ueber-uns/ Accessed November 2022; 7. Curling J, et al. Chapter 1. 2012,

In: Bertolini J et al. (eds) Production 2 e pmlems e e oy 5 Spessees uperencs

sy Takeda Pharmaceutical Company Limited




Takeda”s plasma product Gakoddn
p 0 rth I iO Wa S 0 n e Of t h e Human Plasma Protein Solution D D Factor Vlli-Concentrate
b roa d est i n t he i n d u St ry Human Albumin Factor Vlil/von Willebrand Factor-Concentrate
in the Iate 199051_3 Tetanus Immunoglobulin i.v. \ / Factor IX-Concentrate
a nd Sti" iS! Tetanus Immunoglobulin i.m. D \ Anti-Inhibitor-C lant-Compl
Anti-Rhy(D) Inmunoglobulin D - o rro (Factors "’rV"’ X, X) ate
Tickborne Er iti i D - Activated (r::'ncentrat'e ¢
Intravenous Immunoglobulin D HUMAN Es - D Factor IX-Complex-Concentrate
PLASMA

Polyvalent Inmunoglobulin i.m. D / T D Factor VIl-Concentrate
---and eaCh batCh Of Polyvalent Inmunoglobulin D / \ Fibrinogen Concentrate

a " these prOd UCts Protein C- Concentrate // ‘
Was tested With the Fibrin Sealant

C1-Inhibitor-Concentrate
Rabbit Pyrogen Test ! U

D D Lys-Plasminogen-Concentrate
Antithrombin lll-Concentrate
oduct pertflio i the 19905 ot all

Pr o odu
L spe oker s kno \ ;2 Coring ) et Chaptor - 301 I Bertlini et . (eds) Production of lasma proteins for therapeic use. Wiley; 3 Kim 1. 2019, Availabl at.
hitps://ww _20191115.pdf Accessed November 2022

Control and Limitation of Animal Experimentation is an Ongoing Task
since the 1950s /1

Essentially the task of limitation of animal experimentation is described with the

definition of 3 Rs: 3R

Reduction - fewer animals
Refinement - less painful

Replacement - alternative techniques

. and resulted in the Declaration of Bologna on

Reductlon Refinement and Replacement, and Alternatives in Laboratory Animal
Procedures,

which was adopted and issued by the
3rd World Congress on Alternatives and Animal Use in the Life Sciences
in Bologna, Italy on August 31st, 1999.




I Control and Limitation of Animal Experimentation is an Ongoing Task

since the 1950s

* For example:

around 50,000 per year!

Schober-Bendixen S., Application of the 3 R.
ALTEX. 1997;14(3):99-106.

P

/2

* Companies like Immuno AG (successor Takeda) had been
consistently working on reduction of animal experiments.

From the early 1980s over 15 years Immuno AG replaced, reduced
or refined animal tests for vaccine products release from 4,278 to
2,011 per average vaccine lot with a total savings of animals of

Takeda Pharmaceutical Company Limited

I Rabbit Pyrogen Testing at Immuno / Baxter, now Takeda

Number of Rabbits Used for Pyrogen Testing at
Baxter's Facility In Vienna between 1990 - 2005

16000 ]
14000 H
12000 +
10000 ~

8000

Number Of Injected Rabbits

6000

4000

N A N &
\c§9 & \g& & éa”‘ \gcg’ \QCS" & ’30?’ \%05‘9 SN o {]9& o

L
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I Ph. Eur. Monographs on Plasma and Blood Related Products
Consequences in 2004

- The monographs related to plasma and plasma
products did not explicitly allow alternatives for the
rabbit pyrogens test

- Estimates said that by 2004 approx. 200,000
rabbits per year were used worldwide for the
pyrogen test only

10 aTuisdin  Takeda Pharmaceutical Company Limited

I Proposal to Ph. Eur. Group of Experts 6B in the 74t Meeting, Sep 2004

EDQM - Group of Experts No. 6B

Proposal for a working party on the replacement of
the rabbit pyrogen test

This is & propossl to establish & formel working party on the replscement of the rsbbit
pyrogen test for blood. plesta and plasms produsts.

The goal of the warking party should be to give guidance on the elmination of the
rabbit pyrogen test for psrentersi prepsrations with 8 focus on humsn biood, plasma
. 8nd blood 8nd plasms products by Spproprste in Viro pyrogen fests but not limited to
P the LAL test The final program of the working party should be based on the ECVAM
r O p O S a. 0 r a. W O r I n g (Europesn Center for the Validation of Allemative Methods) workshops, arogrens
and propassis of which sn updste is expected soon. The working psrty should be
preceded or iniSsted by 8 scentific and technical workshop where the following topics

party on the replacement of | ===""""

21 Survey of test methods for the quanti

- 3) Recommendations from ECVAM workshops on novel cyrogen tests based on

the rabbpit pyrogen test o et g Pt
4 i pe with altemat wvitro fest systems for ing
Quality control of dnug: & focus. and

biopharmaceuticals
5)  Gichal ragulatory framawork and lagal aspacts of endotoxn testing

This proposs! is open for cther lopics (o be discussed in the workshop

For blood and blood products the rabbit pyrogen test is 8 specific issue of high
relevance bacause blood and bicod products sre, with 8 few exemptons, mostly
parentersl drugs, The complication is acknowledged that endotoxin testing is not
fimitedi to phammacoposia monographs relsted to human blood snd kiocd produets,
but also will apply to other parenteral preparstions and pharmacopoeia monographs
related to those preparations. Therefore, i is proposed to ink the activises of this
working party estabished by the Group 88 to cther expert group sctivities within the
EDOM and the Eurcpesn Pharmacoposia Commission

Pater Turacek.
Seplember 8, 2004

sy Takeda Pharmaceutical Company Limited




Animals for scientific purposes in the Member States of the
European Union and Norway (status 2018, reported by EC July 2021)

Numbers of animals used for the first time Mammal category
Amphibians, Cephalopods, Reptiles 2018
0.3% .
Birds \ Dogs, Cats, NHPs Mice 5,505,169
Other mammals 5.5% 0.3% Rats 999246

Guinea-Pigs 129,931
Rats Other rodents 35,967
9.5% [Rabbits 342,788 |
Mice
Eieh Cats 1,554
Rats Dogs 17,711
Mice Other mammals Other carnivores 6,082
52.1% Birds K
Amphitians, Cephalopods, Reptiles Farm animals 137,234
Dogs, Cats, NHPs Non-human primates 8,583
Fish Other mammals 5,944
26.2% Total 7,190,209

» Rabbits account for < 5% of all animals used for scientific purposes
in the EU

12 aTuisdin  Takeda Pharmaceutical Company Limited

Use of rabbits for pyrogenicity testing in the Member States of the
European Union and Norway (status 2018, reported by EC July 2021)

* Quality control related uses represented 1.08 million uses
* In 2018, QC related uses decreased (-5%) with a decrease for pyrogenicity testing (-13%)

Between 2015 and 2018, pyrogenicity

Quality control related uses by type of use testing decreased steadily (-35%)

2018 Number of Uses
Batch potency testing 859,797 s aasss
Batch safety testing 145,769
Other quality controls 43,043 e o

| Pyrogenicity testing 30,453 |
Total 1,079,062 o

> “Collaborative efforts need to continue in areas where alternative methods are available
for regulatory testing, such as for the use of animals for pyrogenicity testing ...”

» “Such use can only be authorised if the project applicant provides robust scientific
evidence why the use of alternatives is not possible.”

13 sy Takeda Pharmaceutical Company Limited




I Rabbit Pyrogen Test in the Ph. Eur. is most relevant for Plasma Products and Vaccines

General monographs (3)

 Substances for pharmaceutical use (2034)
» Radiopharmaceutical preparations (0125)

Dosage form monographs (3)

 Parenteral preparations (0520)
 Preparations for irrigation (1116)
 Intravesical preparations (2811)

» Immunosera for human use, animal (0084)

Pyrogens (2.6.8)
(Rabbit Pyrogen Test)

59 texts

Plastics General chapters (3)

« Sterile plastic containers for human blood and blood
components plastic materials (3.3.4)

« Sets for the transfusion of blood and blood components (3.3.7)

Vaccines for human use

« Carrier proteins for the production of conjugated polysaccharide
vaccines for human use (5.2.11)

Individual monographs (50)

Solutions (4)

Vaccines for human use (17)
Plasma products (17)
Antibiotics (8)

other chemical substances (4)

fTuedin  Takeda Pharmaceutical Company Limited

The Eau Claire Incident

Better Health, Brighter Future




What had happened?

Problem description:

* In March 2007, an IVIG 10% lot was tested for pyrogen (rabbit test) by the QC-laboratory at the LE
plant and found to fail test requirements.

* Subsequently eleven (11) other IVIG 10% batches failed the rabbit pyrogen test.

Investigation:

* CAPA investigation was initiated to identify the root cause in the manufacturing plant LE at the
formulation/filling and downstream processes.

— Following thorough investigation any influence through the processes in LE could be ruled out. All analytical
investigations on the product proved that the cause was not coming from the LE processes.

* Another CAPA was conducted in the VI plant for detailed investigations in the upstream process.

— Following thorough investigation, no root cause in the upstream processes could be identified. This proved
that the cause is not coming from the upstream processes.

* As next step CAPA was conducted on Division level (in charge of all plants) to focus on investigations in
plasma sourcing and handling side.

fTuedin  Takeda Pharmaceutical Company Limited

Flow of Investigations

Phase 1
Downstream Process
Fill /Finish Phase 2
Upstream Processes

Fractionation
Phase 3

IVIG Product

Phase 4
Rabbit Test Phase 5
Plasma Collection
and donor center
Phase 6
Plasma Donors

#Fuseats  Takeda Pharmaceutical Company Limited




Investigations—Downstream Process & Fill Finish

All involved downstream and pharmaceutical production processes were assessed against potential sources of root cause:

R3
<

3
B

R3
<

3
<

RS
<

\%

Environmental monitoring

- routine LAL (WFI, before sterile filtration, downstream processes, raw materials) all results (Jan to Jun 2007) met acceptance criteria
- extraordinarily LAL final product testing: all results < 1EU/ml

- bioburden (equipments, in process samples during bulk production, WFI, demineralized water) did not show any correlation to
pyrogenicity

- depyrogenization/sterilisation processes incl sterile filter integrity were checked O.K.

- peptidoglycan testing of final product: no correlation found to pyrogenicity and all values found far below pyrogenicity causing
concentration

Bulk Manufacturing

- pyrogenicity is not production line specific, not time specific, not successively produced

- no correlation with cleaning processes

- no correlation with column storages, cycle times, or other in process parameter

Fill/Finishing operations

- no correlation with particles, garments and operation trendings,

- no correlation with process parameters or cycle times

- no correlation to any in process test or release test parameter

Raw Materials

- no correlation to raw material lots

Equiment calibration/maintenance & training

- no unusual observations or events regarding maintenance and calibration of equipment or personal training

No observation which could explain the pyrogenicity of the product

No root cause could be identified

aTuisdin  Takeda Pharmaceutical Company Limited

Investigations — Upstream Processes

All involved processes (Plasma Fractionation, Central Warehouse, Receiving & Inspections Dpt.) were assessed against
all potential sources of root cause which include people, materials, methods, environment, and equipment:

Data analysis
bioburden, LAL, in process testing, process parameters, quality control testing

CIP and Cleaning Proc

manual and automated cleaning of equipment and room cleaning

Maintenance

fractionation operations, support systems, employees

Raw Materials

chemicals, auxiliaries

Process

production equipment, parameters, personal processes (shifts,..)

Additional samples drawn and analyzed

in process bioburden and LAL, cleaning processes (last rinse, swabs, cleaning agents)

The investigations and the data analysis did not reveal any correlation or observation, which
could explain the pyrogenicity of the affected IVIG lots

No root cause could be identified in the upstream manufacturing processes

«Tassdiy  Takeda Pharmaceutical Company Limited




Investigations — IVIG Product Analysis

* TLR 2 and TLR4 assays conducted by FDA * Cytokine/chemokine in product: human cytokines

« Ouchterlony double immunodiffusion assay and rabbit cytokines

* IgG structural analysis: FT IF, differential * Bronchospastic guinea pig and hypotensive rat
scanning calorimetry, 2-dimensional * Monkey (cynomolgus) study: IV application of
electrophoresis, size exclusion most pyrogenic final products: no difference in
chromatography body temperature/blood cytokine level

* Anti-rabbit ELISA, anti-LPS ELISA * PBMC cytokine release assays (high/low density

« Elements, chemicals: ICP MS, GC cells)

« Protein analytics: LC-MS, GC-MS, SDS-PAGE * Toll Like receptor assay in THP-1 blue CD14 cells

* Forensic screening of final container product * Human granulocyte cell line (HL60) activation
for neuroleptic drugs (120 drugs) assay

« Fluorescence spectroscopy pattern * Co-culture human saphenous vein (endothelial)

Cell + PBMC

» The investigations did not reveal any useful correlation to pyrogenicity

N

» No discrimination test (pyrogenic versus non pyrogenic lots) could be found

20 aTuisdin  Takeda Pharmaceutical Company Limited

Investigations — Pyrogen Test

All involved processes were assessed against potential sources of root cause:

+« Animal facilities

no unusual observations, events at facility

no correlation to rabbit source

— no correlation to materials used for testing

no correlation to environmental conditions at facility

» The investigations did not reveal any correlation or observation, which could explain the
pyrogenicity of the product lots

« Supplemental Rabbit Studies
— Post pyrogen test: cytokines/blood picture and —chemistry
— Pre rabbit test: rabbit whole blood cell adsorption experiment
— Rabbit tissue study: cross-reactivity study in a rabbit model system using
immunohistochemistry on cryo tissue sections
» The investigations did not reveal any correlation to pyrogenicity
» No discriminatory test could be found

21 #Fuseans  Takeda Pharmaceutical Company Limited




Multivariate data analysis was performed to correlate weather
conditions at the animal testing facility with pyrogen reaction!

Weather conditions 09/2007-11/2007

PC2 Scomes 048

+ OT0a07

date

Unusual pyrogen
days, butno e

03 4  extraordinary S~
weather situation

] Unusual weather

4 conditions (highlighted)
& — may be observed
anywhere and are not

= 071110

| related to each other! SR T 026
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> No correlation found

-6
Weather 2, Heenpl 28%,24%
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Investigation was extended to the raw material, plasma for fractionation

— Look Back Procedure enabled effective investigation
— Problem: lots are manufactured from plasma pools

» Plasma from a plasma B
donation center in . - |
Wisconsin/USA showed .

8

somewhat higher frequency
in resulting in pyrogenic
IVIG lots ‘

Eau Claire

3

number %included
§
% of pyrogenic Ppt G lots

5

0 Fov
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I The Eau Claire Investigation

» All potential root causes for contamination of plasma with pyrogenic substances
were investigated in greatest detail

Contamination of collection bags
Environmental contamination

Unfavorable storage and/or transport
Plasmapheresis equipment and machines
Plasma donation process

Plasma donors

> Statistical analysis identified 28 donors from the plasma center as potential
contributors to the RPT failures

— 11 of the 28 donors plasma were available for testing

» One individual’s plasma was positive in the RPT test at a dilution between 100 to 1000
times higher than control donors!

— This was a young woman

— Review of her medical history, a subsequent enhanced medical history and clinical laboratory
testing focused on immune function did not identify any unusual factors

— The donor was and remains in robust good health

fTuedin  Takeda Pharmaceutical Company Limited

I The Eau Claire Incident is not Unique in Plasma Industry

Zervos C et al. Biologicals. 2019 May;59:12-19. P

» Grifols recently published a similar case

Immunoglobulin G from a single plasma donor in IVIG 10% caused false positive pyrogen test

All microbe-related testing, including LAL test for endotoxin, proved negative, and no deficiencies were
discovered in manufacturing

A single plasma donor (“Donor X") was common to all pyrogenic IVIG lots

One unit of “Donor X" plasma in a pool of ~4500 units was sufficient to cause lot failure in the rabbit
pyrogen test

Whole plasma and Protein A-purified IgG from “Donor X" caused a temperature increase in rabbits;
however, all IgG samples tested pyrogen-negative in two in vitro cell-based pyrogen tests (incl. MAT)
Flow cytometry showed that “Donor X" IgG bound strongly to rabbit white blood cells but minimally to
human WBC

Unusual specificity present in “Donor X" IgG towards an antigen on rabbit WBC triggers release of a
pyrogenic cytokine from these cells that, in turn, triggers a febrile response in rabbits

Exclusion of “Donor X" plasma from manufacturing marked the end of IVIG lots registering positive in the
rabbit pyrogen test

» Confirmed our results indicating that the pyrogenic agent is an IgG or a substance very
tightly associated with antibodies only reactive in rabbits!

Takeda Pharmaceutical Company Limited




Plasma Industry Status

Better Health, Brighter Future

Pyrogen Testing in the Plasma Industry — Results from a Recent Survey
» All plasma companies (6/6) work on replacement (@PPTA

Plasma Protein Therapeutics Association

— 5/6 successful with alternative LAL test
— 4/6 companies moved either all (1/6), 70% (1/6) or majority of products (2/6) over from pyrogen test to LAL

European regulators and FDA accepted switch from pyrogen to LAL test
— 3/ 6 companies received notices to cease pyrogen testing in Ireland and Germany
— Remaining authorities are in-progress

Main challenge is with ROW markets including Latin America where the pyrogen tests is still
required by regulators (Peru, Brazil), and for ALL companies (6/6) in SE Asia

— Authorities in Japan, Korea, Malaysia and China did not accept this variation, thus, tests are now performed in
country’s local contract lab

MAT: 2/6 companies received challenges from European regulators about the use of the

MAT rather than LAL

— 1/6 manufacturers addressed this by conducting a risk assessment which has been accepted for those
products that have gone through the change process

— Other manufacturers did not receive any questions from US FDA or other regulators on MAT; switching to LAL
has been accepted.

Survey conducted by PPTA in 2018, updated in iy Takeda Pharmaceutical Company Limited
2023.




Future Pyrogen Testing
Strategy

Better Health, Brighter Future

Rabbit Pyrogen Test (RPT) — Ph. Eur. Chapter 2.6.8 - Pyrogens

» In Takeda programs to reduce or eliminate animal tests were initiated in the
1990s, which already included the RPT

» Between 2014 and 2017 Takeda systematically replaced the RPT by the
Bacterial Endotoxin Test (BET) for all plasma derived products wherever
possible

— Vast majority of countries have accepted and approved the change from RPT to BET
— Few countries in Asia remained on RPT: South Korea, Japan, China

— In these countries RPT is performed locally, no more RPT conducted in Europe

— Takeda currently performs ~ 50.000 BET per year only for plasma derived therapies

» Takeda continues working on complete elimination of RPT globally
— Asian countries are observing developments of Ph. Eur.

— ltis hoped that revision of monographs with elimination of RPT would lead the way to
switching to non-animal alternatives also there

usatn  Takeda Pharmaceutical Company Limited




Replacement of Bacterial Endotoxin Test (monograph 2.6.14) by
BET using recombinant Factor C (according to monograph 2.6.32)

» LAL (or TAL) is a lyophilised product obtained from amoebocyte lysate from the horseshoe crab
(Limulus polyphemus or Tachypleus tridentatus)

— Classical LAL/TAL test is an indirect animal test
— In 2020 >500,000 horseshoe crabs were harvested for biomedical production
— Horseshoe crabs harvested for LAL are returned-to-sea with a mortality of 15%

— Although horseshoe crabs are released after medical production or studies, they would become vulnerable and
their mortality rate might increase; female horseshoe crabs released back to the sea encounter difficulties in
spawning

» Besides animal welfare considerations the high variability of “classic” reagents used for BET testing on
plasmatic samples is the most common cause of invalid results
— The complexity of reactions can easily result in false positive results 3 LALITAL b FC
due to enhancement effect S
— Variability intra lots for cartridges or endotoxin/lysate reagents c g o Q i eg @
— Influence of dilution buffer e
» In contrast to LAL/TAL, rFC assays solely rely on the enzymatic function
of Factor C € (=& (-(
NS

» Though more expensive, BET using recombinant Factor C seems preferable!

+ Gauvry GA et al. LAUTAL and Animal-Free rFC-Based Endotoxin Tests: Their Characteristics and Impact on the Horseshoe Crab Populations in the United States and Asia. in J. T. Tanacredi et al. (eds.), International Horseshoe Crab Conservation and Research Efforts: 2007-2020, Springer Intern;
Publishing, 2022
+ Gorman R. Atlantic Horseshoe Crabs and Endotoxin Testing: Perspectives on Altematives, sustainable Methods, and the 3Rs (Replacement, Reduction, and Refinement). Front Mar Sci. 2020 Sep 30;7:fmars. 2020.582132
+ Anderson RL, Watson WH 3rd, Chabot CC. Sublethal behavioral and physiological effects of the biomedical bleeding process on the American horseshoe crab, Limulus polyphemus. Biol Bull. 2013 Dec;225(3):137-51
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Takeda is Evaluating the Most Feasible Options to Replace BET by
BET using recombinant Factor C

Chrom. / Turb. PTS™ / MCS™ { Endozyme® Il GO EndolLisa® (rFC)
Kinetic Cartridges ‘ Strips (rFC)

Source of the Reagents Animal based (variable) Animal based (variable) Recombinant (standardized) Recombinant (standardized)

Sensitivity (EU/ml) 0.005 EU/ml 0.05 EU/ml 0.05 EU/ml 0.05 EU/ml (lower dilutions
possible)

Standard Curve Manual Archived Pre-coated (minimal Pre-coated (minimal

preparation) preparation)

Interfering Factors Multiple Multiple Low Low

False positive due to R- Yes Yes No No

Glucan

Reading Kinetic Kinetic Endpoint Endpoint

Time to Result 21 Samples 50 min —90 min 90 min (MCS only, PTS too 50 min 180 min

low capacity to compare)
Hands-on Time 21 Samples 20 -30 min 60 —80 min 20 -30 min 20 -30 min
Throughput High to very high if Low to high if automated High to very high if automated  High
automated with Nexus

» Preference for ELISA type assays

#Fuseats  Takeda Pharmaceutical Company Limited




I BET using recombinant Factor C: Validation and Regulatory Aspects

Regulatory  use: o individual rFc chapter Validation

available. However, rFC is Details might be depending on
commonly accepted following / the product type and regional
<85> and <1225>. Chapter requirement, but in general:
planned for 2023 * - Should not be more

complicated, it can basically be
EP: 2.6.32: rFC chapter available = treated like a compendial method
compendial method

- Comparability testing with

JP: 4.01: rFCincluded and traditional method might not be
accepted in this chapter (since required, but sometimes it is
2021) ,desired”
ChP: Amendment to accept rFC - A papers-based risk
was planned unsure about current assessment to document the
status ? comparability can be sufficient

» Needs to be carefully evaluated as impact is huge
> Takeda performs approx. 50.000 BET per year only for plasma derived therapies

32 aTuisdin  Takeda Pharmaceutical Company Limited

I Monocyte Activation Test, MAT — Ph. Eur. Chapters 2.6.30/2.6.40 /1

» Takeda has vast and long-term experience with MAT test

— Active participation in IN VITRO PYROGEN TEST WORKSHORP,
organized by EDQM in Sep 2005

— Based on in-house experience Baxter (now Takeda) endorsed
Human Monocyte Cytokine Release Assays to be included in Ph. Eur.
as an alternative method to RPT as long a reference method is
specified

— Prerequisite is that assay can be validated and shows suitability of
cytokine release assay for a particular product type

— Company position in 2005 was, that both BET (LAL) and MAT could

replace RPT and both tests should be used alternatively or in
combination depending on product/substance specific assessments

«Fuscain  Takeda Pharmaceutical Company Limited




I Monocyte Activation Test, MAT — Ph. Eur. Chapters 2.6.30/2.6.40 /2

» Takeda's position is also reflected in new Chapter 5.1.13 Pyrogenicity

— Requiring risk analysis of potential presence of non-endotoxin pyrogens and the
respective manufacturing process

Caution:
» European regulators, FDA, and in most other legislations switch from
pyrogen to LAL test accepted
» Implementation of a new test system always requires extensive validation
» Difficult to perform for a pharmaceutical company manufacturing biologicals
for rare disease
— Some products are rarely produced — sometimes only 1 or 2 batches per year
— Validation requires statistically significant number of batches

34 aTuisdin  Takeda Pharmaceutical Company Limited

I Future Pyrogen Testing Strategy

Established commercial New products
products with RPT data

rFC BET testing provides
excellent options for
standardization and
automation and shall be
implemented in all QC labs
with existing BET expertise

ELISA based rFC BET

Endotoxins ELISA based rFC BET

* MAT should be tested during drug
development and PPQ to show if
NEP could occur

* Depending on outcome, MAT
should be implemented for drug
product testing, either for each
batch (NEP evidence) or periodically
when no NEP was discovered in
previous testing

* NEP risk assessment will be
sufficient if historic RPT data
. available
Non-endotoxin * Otherwise, consider MAT on drug
pyrogens product at periodic intervals and
after major changes in
manufacturing

MAT testing requires
expertise and
extensive product
specific validation

%
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Summary and Conclusions

Better Health, Brighter Future

I Removal of the Rabbit Pyrogen Test from Ph. Eur. is Highly Appreciated

» Biopharmaceutical drug products are very valuable materials
» Examples of false positive RPT results

— Caused withdrawal of drug products derived from human plasma
— Waste of highly valuable materials, not only from a monetary but also ethical point-of-view

» Takeda worked on replacement of animal testing incl. RPT for > 30 years

> If RPT would not still be requested by some regulatory authorities around the
world, the industry would have switched entirely to alternative methods
» BET seems easier than MAT to implement and to gain regulatory approval

» New Ph. Eur. Chapter 5.1.13 Pyrogenicity is aligned with approaches taken by
the bio-pharmaceutical and plasma industry

— Product- and manufacturing process specific risk analysis of potential presence of non-
endotoxin pyrogens will ensure patient safety while optimizing resources

37 sy Takeda Pharmaceutical Company Limited




I Acknowledgment

Takeda Global Quality Takeda Plasma Global Quality
Christoph Hansy Meike Reumueller

Christina Oberhuber Wolfgang Drosg

Georg Gostl Barbara Glantschnig

Takeda Global Manufacturing Takeda Plasma Derived Therapies
Sciences R&D

Reinhard Ik Alfred Weber

Michael Kraus Wolfgang Teschner

Takeda Corporate Affairs Plasma Derived Therapies
Deborah Hibbett

Plasma Protein Therapeutics Association
PPTA

Dominika Misztela

P

-

Takeda Pharmaceutical Company Limited

Thank you for your attention!
Questions ?

Takeda Pharmaceutical Company Limited




Comparison of Pyrogenicity
Assays for Products Exhibiting Low
Endotoxin Recovery

14 February 2023

Ned Mozier

@Pﬁzer

Topics

1. Origin Story — genesis of the “idea” for a study

2. Study goals — main objective / ancillary objectives
3. Study design — the “devil in the details”

4. Study execution — a single “shot on goal”

5. Results — what does the data say?

6. Interpretation — what did we learn?

7. Broader Takeaways / Future Study Ideas

e Pfizer




Origin / Ideation Story — Nov ‘16

or “a night in Dusseldorf” after the Pharmalab main event
Just prior to the US election

3 years before PDA TR82 was published

No good solutions existed for samples with Low Endotoxin Recovery (LER)

Rabbit Pyrogen Test

m USP LAL Non- spiked Spiked finished Endotoxin Control Strategy
o Kevin L Williams Editor
O L() finished product product
—
1 . Microbial control during manufacturing;
m 8 RO Bl USP LAL is suitable as a release test method.

LIJ S~~~ Microbial control during manufacturing; Endotoxin Detecti
D ﬂ' LER Non-pyrogenic Pyrogenic Rabbit Pyrogen test as release test (interim measure); naotoxin I e ection
A) PMC to develop a suitable in vitro test method. &ﬂd CUI'IUO_ n
O o T e Pharma, Limulus, and

1 icrobial control during manufacturing; Risl :
< N LER Non bionenic NG myroganic assessment; Endotoxin specification at the BDS stage Mammalian SyStEITIS
D l pyfog pyrog prior to PS addition; Microbial control of input materials;
PMC to develop a suitable /n vitro test method.
LER Pyrogenic Reject product

-ﬂ Springer

e Pfizer

1.  Was our sample and/or endotoxin unique?

Shown in 2016 2. Obvious Practical Challenges with Study Design
3. NOE # RSE in MAT

O 32 O rabbitl
3 4+ O rabbit2
The Monocyte Activation Test: Utility v ° O rabbia
= £ 25 - .
Pyrogen and Impurity Tests S O rabbita
_g ° O rabbits
+ 24
for PharmalLab 2016 Dusseldorf/Neuss g ) rabbité
09 November 2016 3 O rabbit7
NED MOZIER 3 57 o} bbit8
o oz . g o O rabbi
£ L O @ sum (first 3)
'9 o 8 """" USP singleanimal20.5
05 + . ° = EP pass (n=3)
g © ® e £P fail (1=3)
0 5 e} O—— e USP (n=8) pass
protein protein WFI WFI _
+85EU/mL +3.3 EU/mL +8.5 EU/mL +3.3 EU/mL O sum (n=g)
EU/kg, nomial (spiked) 30.7 9.6 22.2 9.5 . .
measured BET (EU/kg), F/T 9.8 20 157 46 Consistent with
measured BET (EU/kg), retains 6.1 0.5 4.2 1.1 other informa|

[RSE]: norﬁinal vs “actual” not 3 reports of high
pyrogenic at up to 4X the 5 EU/kg LPS passing
limit in WFI. RPT




“Ring Trial” Study Goals — Questions we Hoped to Answer

—

Do products with LER behave similarly? (vs product-specific phenomena)

2. Is the MAT inferior, superior or equivalent to the RPT in samples of known
[endotoxin] when “masked” in the BET (i.e. LER)?

3. Are rabbits sensitive to very high levels purified endotoxin?
+ The CRO was different than the one used for the prior Pfizer study

4. How do results compare when samples are tested in Whole Blood (WB) vs PBMCs in
MAT?

» Would have preferred to test >1 cytokine / cell type (as in the prior Pfizer study),
but impractical at the CRO for our study (vendor kit format used)

Whole Blood IL-1B

S Pfizer PBMCs IL-6

POA Low End i Hocovory Some 5.2.2 Product Dosage

Another major consideration in conducting animal or in vitro studies is the dose of the product tested.

i . : . . .

Dayue Chen, PhD, Eli Lilly and Company, €1 For the traditional pyrogen test in rabbits with unspiked product, animals are administered a quantity |e sScri tl ons h erein

Friedrich von Wintingerode, PhD, Genenteq  of dru equivalent to the maximum dose per kg of body weght of a human subject. For example, a
i fixed dose of 1 mLof 2 150 mg/ml drug product given subcutancously ro human subjects weighing

Julie Barlasov-Brown, Merck & Co. 50-100 kg would be calculated as follows:

Lindsey Brown, PhD, U.S. Food and Drug Ac 150 mg per 50 kg (Smallest Patient) = Max Exposure of 3 mg/kg
Allen Burgenson, Lonza Group Ltd. In compendial RPT methods, adminiscration of very small-volume doses is neither recommended nor
Joseph Chen, PhiY, Ultragenix Pharmaceutica  pracical, so diluion s required prior to treatment. This is complicated by the fact thar LER samples
o o . are expected to be spiked “neat,” that is, undiluted. A guide for conducting the LER hold-time and
Monica Commerford, PhD, U.S. Foodand o oo o doing solutions for pyrogen testin rabbis, based on an assumed human dose of 3 mg/
Gregory Devulder, PhD, bioMericux, Inc. kg active pharmaceutical ingredient containing a targeted 35 EU/kg of endotoxin, and matching per

i kg human dosing, is as follows:
Jennifer Farrington, PhD, Associates of Cape

Jessica Hankins, 'hD), U.S. Food and Drug A
Parricia Hughes, PhD, U.S. Food and Drug A
Stefan Ishak, Novarnis 3. Combine and mix 0.876 mL (876 pL) of stock RSE with 5 mL of protein sample
a. (10,000 EU/mL) * (0.876 mL/[0.876+5.0 mL]) = 1491 EU/mL

b. (150 mg/mL) * (5.0 mL/[5.0 mL+0.876mL]) = 128 mg/mL

1. Use protein sample of 150 mg/mL

2. Reconstitute RSE (10,000 EU) with 1 mL LRW to achieve 10,000 EU/mL

Chris Knutsen, Phl3, Bristol-Myers Squibb In
Jack Levin, MD, University of California, San
Jeanne Mateffy, Amgen Inc.

Ned Maozier, P, Phizer Inc.

. I sample s to be held chree (3) days, test these samples immediately (T,) and afeer hold time

Dilure 0.78 mL of spiked LRW or sample in 99 mL of PBS nlcal Report ND- 32

a
b. Protein concentration = (128 mg/mL) / (0.78 mL/[0.78 mL + 99 mL]) = 1.0 mg/mL

Scott Nichols, I'h13, U.S. Food and Drug Adn c. RSE concentrarion = (1491 EU/mL) / (0.78 mL/[0.78 mL + 99 mL]) = 11.6 EUfmL Endotoxin Recuvery
Cheryl Platco, Merck & Co. (retired) d. Fora 3.0 kg rabbi, administer 9 mL of the above (4a-4d)

Johannes Reich, PhD, Microcoat Biotechnolo e. Check

Stijn Seels, Sanofi i 1.0 mg/mL protein * 9 mL = 9 mg protein

Anders Thorn, Novo Nordisk A/S * 9 mg/3 kg = 3 mg/kg protcin dose

Masakazu Tsuchiya, PhD, Charles River Labo ii. 11.6 EU/mL RSE* 9 mL = 105 EU

René Drving, Biogen 105 EUJ3 kg = 35 EUlkg RSE dose

. Based on individual rabbit weights, administer 3 mL/kg for the RPT

Before conducting LER scudies in animals, ensure that the unspiked sample in the RPT is not inher-
e P ently pyrogenic. The same should be dane before conducting the MAT design described in Section
ﬁzer 5.2.3. Data analysis for both the RPT and MAT LER studies is discussed in Section 5.3.




Study design — Key Features

1.
2.

Avoid the sample handling challenges by using one facility for all tests
Test appropriate samples and compare MAT to RPT

» Select products previously shown to be non-pyrogenic in RPT

* Select products shown to exhibit LER in 3 days or less

» Compare to an identically prepared water control

* Use RSE as source of LPS as spiking solution

Test from same vial at the same time in the same laboratory

» Control for sample handling to directly compare assays

Pre-dilute each spiked product and water to achieve:

» Target mg protein per kg in RPT based on human dose

Dilute pre-dilutions identically for BET & MAT

Pfizer used same drug substance tested for TR82 and
the preliminary correlation study
Water TO T3

é Pfizer Total 8 samples

Product 1 TO T3
Product 2 TO T3

Product 3 TO T3

Study execution

1.
2.

No single facility was proficient in all 3 assays: RPT, MAT & BET

The company chosen struggled to perform MAT, so we split the study
*One company did the RPT

* Another did both BET & MAT

Pfizer person observed to assure samples prepared identically at both sites
* This gave us high confidence that results could be compared

. The 3 Product doses varied widely, so initial spiking was varied to achieve

35 EU/kg and product-specific (mg/kg) goals in the final dosing solution
First samples prepared 3 days earlier (T3) and fresh (T0), then all 8
samples tested at the same time (the “Reverse Mode” as per TR82)

Execution of Study was Flawless — “right the first time”

L. A Product 1 T0 T3
v All assays performed as close in time as humanly possible

Product 2 TO T3

Product 3 T0 T3
Water T0 T3

e Pﬁzer Total 8 samples




Study Completed in 2018, published last year

ALTEX, accepted manuscript
published June 24, 2022
doi:10.14573/altex.2202021

Research Article
Comparison of Pyrogen Assays by Testing Products
Exhibiting Low Endotoxin Recovery

Tammy L. Thurman', Carol J. Lahti®, Jeanne M. Mateffy’, Ren-Yo Forng®, Friedrich von Wintzingerode’,
Lindsey M. Silva®, Sven M. Deutschmann® and Ned M. Mozier'

'Pfizer, Cheblerﬁeld_. MO, USA; *CJLahti Consulting Services, Albany, CA, USA; 3Arngen. Thousand Qaks, CA, USA; *EirGenix, Inc., Taiwan,
Republic of China; *Genentech, a Member of the Roche Group, South San Francisco, CA, USA: “Roche Diagnostics GmbH, Penzberg, Germany

Abstract

The use of pyrogen tests to assess the risk of endotoxin in biological products has increased recently due to
concerns of some regulatory authorities about products exhibiting low endotoxin recovery (LER). Manufacturers
increasingly seek to reduce the use of animals unless essential to assure patient safety. The current study compares
the ability of the monocyte activation test (MAT) and the bacterial endotoxin test (BET) to the rabbit pyrogen test

(RPT) to detect endotoxin spikes in samples of products shown to exhibit LER. Product samples or water were spiked

BET Results

Tab. 1: Bacterial endotoxin testing results (values are average of n=2)
Percentage spike recovery <50% (marked in red) indicates LER.

Dilution EU/mL

To T3 Recovery in Product/Water
LRW 10 8.6449 6.294 200
40 13.9082 10.3684
400 23.3872 19.8752
Mean 15.3 12.2 > 150
[}
>
] S 100
Good recovery in LRW 2
vs. nominal (19.7 EU/mL) X 5 ol o N
Recovery in products calculated 5 _\-ﬁw‘
vs measured EU/mL in LRW at
each timepoint TO T3

The expected LER confirmed,
and it begins quickly (at T0)

e for 2 of 3 products




R P_T Res u ItS Time Zero (T0) and after 3 day hold (T3)

80

law. &. 1Hivigase il raviit buuy winpes
Increased body temperature 20.5°C and s

LRW [ :
To rabbit 1
rabbit 1 0.5 ' il
rabbit 2 0.4 bt
rabbit 3 0.1 b
rabbit 4 05 ] e
rabbit 5 0.7 @ =2 e
rabbit 6 04 p=
rabbit 7 0.4 b
rabbit 8 03
sum (n=8 rabbits) 33
RPT result FAIL

LRW,TOLRW,T3 PLTO PLT3 P2TO P2,T3 P3,TD P3T3

e Pfizer

M_AT DeS|gn Summary Whole Blood ~ IL-18

PBMCs IL-6

All samples (and water) have the identical amount of endotoxin
and are diluted to this common concentration, then all diluted in
exactly the same volumes to be in range of the MAT

-

Tab. §5: Preparation of Samples for MAT using 1.97 EU/mL predilutions from Table S3

Assay Total Fold Dilution 49-fold | 66-fold | 99-fold | 131-fold | 197-fold | 263-fold Final sample diluent is
type “Kit- ific media"
Expected Result (EU/mL) | 0.40 0.30 0.20 0.15 0.10 0.075 specific media
MAT sample (mL) 0.100 | 0100 | 0.050 | 0.050 | 0.050 | 0.050 The endotoxin
Kit-specific media (mL) 0.390 0.560 0.445 0.605 0.935 1.265 concentration
04 A=t 0
Total Volume (mL) 0.490 (Qﬁﬁﬂ Q5 S5 .\985 1.315 calculated before
1 2 3 4 5 6 For discussion 11 12 adding to cells+media
A standard 1 Product 1: 49-fold dilutio uct 3: 49-fold dilution i
R A is how we report [RSE
B s | Product 1: 66-fold dilutio Within-in plate uct 3: 66-fold dilution S| ]
c ame lot Product 1: 99-fold dilutio H uct 3: 99-fold dilution .
D of RSE that Product 1: 131-fold dilutid replicate strategy ct 3: 131-fold dilution Secreted cytokines
] vesusmitor | eme: e e R
i uct 1: 263-Told diluti — : 263-fold duti intentionally disrupte
G h9|d time LRW: 49-fold dilution n—2,3 or 4? Iv: 197-fold dilution Y d P
H spike study LRW:66-fold dilution N\ _Aw: 263-fold dilution secrete

Olg plate for all four TO Samples, another for the four T3 samples
Pﬁzer




MAT RSE Standard Curve; IL-6 by PBMCs

STANDARD STANDARD
R . - i - .
Difficult to achieve a
5| curve of this quality & 3
sample results in the
g ,| quantitation range in 3,
B first try ©! i
1 | 1
| ! - o v
p
00 1 0.0 1 10
4PFiCy=(A-DM 1 +(uwCy8)+D A B c 1] B2 4PFity=(A-DW1+(WCy8)+D: A B c v} R2
O STD (STD: EWml vs Valses) 0.103 661 0174 i 1 3 STD (STD: EWAmL v Values) 0127 32 0.483 ase 0594
Curve Fit Option - Fixed Weight Value Curve Fit Option - Fixed Wesght Value

1. Close agreement between replicates (n=3)

2. Steep slope (“on / off”’) but achieved good dose response

3. Fairly good upper & lower asymptotes

4. EC,, varies by >>2X between plates This is why within-plate comparisons of samples are
@Pﬁlef most powerful (e.g. recovery in sample vs water)

MAT RSE Standard Curve; IL-1B in Whole Blood

STANDARD STANDARD
3z 34 -

4PFity=(A-DM 1+ (wCyR)+D A -] [+ [ +] B2
O STD(STD: EUimL vs Values) 1.98 109 0178 aa 0847

Zurve Fit Option - Fiud Weight Value

1. Poor agreement between replicates (n=3)
2. Poorly defined asymptotes (wider range of concentrations needed)
3. Similar but shallow Slopes
4. EC;, similar between plates
ePﬁzer




MAT Results — RSE (LPS) in water

1. Nominal LPS is 19.7 EU/mL

Tab. 3: MAT PBMCs, IL-6 and MAT WE, IL-15; values are average of n=3
Dilution | ?L E L& EEUImML WB, ILAR

LRW 49
66
L
131
197
263
Mean

@ Pfizer

49 314 114 142
IS 358 121 189
1218 313 131 114
IEEX 307 159 165
1152 336 88 124

1321 1 85 182
|22 12z 16

This kind of variability (182% recovery) is not unusual,
could be the standard curve prep for this particular plate (raw
data suggests). No one believes that endotoxin in water is
increasing over the 3 days! This is why comparing results
within a plate (e.g. recovery in sample vs in water) is best and
why plate to plate comparison of raw numbers is can be

misleading.

Comparative Results for 4 Assays (2X MAT)

e Pfizer

Results (TO vs T3) not statistically
different for any assay but RPT & MAT

trend together in LRW

Tab. 4: Summary of data from BET, RPT and MAT assays
Values indicating <50% recovery (LER) or passing RPT (n=8, USP<151>) are marked in red.

BET RPT MAT PBMC-IL-6 | MAT WB-IL1B
[EU/mL] (SIJI'[I;I CTS) [EEU/mL] [EEU/mL]

LRW (T0) 15.3 3.3 22 12
LRW (T3) 12.2 4.9 36 16
Product 1 (T0) 6.4 6.1 18 34
Product 1 (T3) 2.8 7.0 21 49
Product 2 (T0) 9.4 7.0 <1 <2
Product 2 (T3) 0.2 1.2 <1 <2
Product 3 (T0) 21 71 9 4
Product 3 (T3) 0.1 1.1 <1 <2

MAT & RPT trend
together but not
statistically
different (prior
MAT suggestive)




Major Findings / Conclusions

1.
2.

At both CROs, Rabbits require >>>>>>> 5 EU/kg RSE to cause pyrogenicity
RSE in water is recovered well in BET & both MATS, less so with RPT
* BET & MAT are = 100X more sensitive to RSE than the RPT
LER-Prone Products at T3 show positive correlations of MAT to RPT

EU/mL 2°C, n=8 EEU/mL EEU/mL
BET RPT MAT/PBMC/IL6 MAT/WB/IL13

Product 1 2.8 7.0 (Fail) In hindsight, for MAT
Product 2 0.2 1.2 (pass) should have put 2 samples
I plate (TO & T3 for each)!

Product 3 0.1 1.1 (pass)
RPT adds no additional information beyond MAT as a pyrogenicity test for
LER resolution for relevant samples of these 3 products

MAT is not easy - careful design, superb execution and clear
& Pfver standards of assay performance are necessary to make sense of the data!

Research Article

Comparison of Pyrogen Assays by Testing Products
Exhibiting Low Endotoxin Recovery

Tammy L. Thurman’, Carol J. Lahti’, Jeanne M. Mateffy’, Ren-Yo Forng®, Friedrich von Wintzingerode®,

Lindsey M. Silva’, Sven M. Deutschmann® and Ned M. Mozier'
'Pfizer, Chesterfield, MO, USA; *CJLahti Consulting Services, Albany, CA, USA; *Amgen, Thousand Oaks, CA, USA; “EirGenix, Inc., Taiwan,
Republic of China; *Genentech, a Member of the Roche Group, South San Francisco, CA, USA; “Roche Diagnostics GmbH, Penzberg, Germany

Abstract

The use of pyrogen tests to assess the risk of endotoxin in biological products has increased recently due to
concerns of some regulatory authorities about products exhibiting low endotoxin recovery (LER). Manufacturers
increasingly seek to reduce the use of animals unless essential to assure patient safety. The current study compares
the ability of the monocyte activation test (MAT) and the bacterial endotoxin test (BET) to the rabbit pyrogen test
(RPT) to detect endotoxin spikes in samples of products shown to exhibit LER. Product samples or water were spiked
with endotoxin and held for three days or tested immediately in the BET, the RPT and two variations of the MAT at
the same time. Results show high sensitivity to endotoxin of both the BET and MAT and much lower sensitivity in the
RPT, indicating that much higher levels of reference standard endotoxin are required to induce pyrogenicity in the
RPT than the 5 endotoxin units (EU) per kg common threshold. The results of the BET and MAT correlated well for
the detection of endotoxin spike in water. We also show that LER (masking of endotoxin) found in the BET is also
seen in the MAT and RPT, suggesting that the products themselves elicit a biological inactivation of spiked endotoxin
over time, thereby rendering it less or non-pyrogenic. We conclude the non-animal MAT option is a suitable
replacement for the RPT to measure spiked endotoxin in biopharmaceuticals.




FDA-CDER-OBP

Broader Take-aways
Back to the Original Purpose of our Study

USP LAL

Rabbit Pyrogen Test

Endotoxin Control Strategy

Non- spiked Spiked finished
To) finished product product
- Microbial control during manufacturing;
No LER N i - L g
8 2 SRIRYIRYeNE USP LAL is suitable as a release test method. L —
q Microbial control during manufacturing; ( “We conclude the
-— LER Non-pyrogenic Pyrogenic Rabbit Pyrogen test e.ls relelase. test (interim measure); non-animal MAT
o PMC to develop a suitable in vitro test method. . . .
option is a suitable
cl\l Microbial control duriqg manljlf_acu—.lring; Risk replacement for the
LER Non-pyrogentc Non-pyrogenic as_sessment, Er_\c_]otf:xuj spQC|f|cal|on at the BDS sta‘ge RPT to measure
[_ PMC to develop a suitable in vitro test method. S,plked endOtO),(m In,,
biopharmaceuticals
LER Pyrogenic - Reject product "
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L Outlook »  GSK 3R strategy

* Bexsero is a trademark owned by the GSK group of companies.

E. S :( 15 February 2023

3R & GSK: Prioritize replacement to further reduce animal use by 75% from
2016-2025

Animal use in lifecycle has been already reduced by 75% from 2007 to 2015

More information @ GSK web site The 3R at GSK

Conducting animal studies with high standards
Aug 2022 of humane care and treatment is GSK's

100 moral responsibility and priority.

80 Current reductioh Historically refinement had the highest
Projected Reduction priority. Having those high animal welfare

60 standards and the availability of new non-

animal-technologies allows a focus on
replacement

40
—————————————————————————————— 3R Portfolio in QC
20

Replacement 80%
0 ‘ ‘ ‘ ‘ ‘ ) ‘ ) ‘ ‘ Reduction 15%

T 0,
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 Refinement 5%

Yearly animal use (%)

E' S :( 15 February 2023




3R & GSK: Animal assays are conducted in Release stability and for process
changes in Quality
A substitution at all three stages simultaneously is time consuming.

2016 2021 2025

> 300 assays > 200 assays <100 assays*
e -
j /

— | >75%
\

R A

B Meningitis Potency M DTaP GST/ATT B Diphtheria Potency

B Rabies Potency W PV Potency B Tetanus Potency

B Hepatitis Potency M DTaP HSA aPertussis Potency > -

B TBE Potency B T Ab Potency i OtherAssais 25 Rabbit Pyrogen Test

In the network of > 10 QC sites

The RPT is a small but crucial part of GSK 3R strategy to ensure patient safety without animal testing.

:. S :( 15 February 2023

L Outlook .

% MAT assay overview

* Bexsero is a trademark owned by the GSK group of companies.

E' S E( 15 February 2023




Pyrogen detection
Several techniques are available allowing animal-free detection of pyrogens

——— Exogenous pyrogens ———

Non-endotoxin pyrogens ( Endotoxins

« Components from Gram-positive bacteria

« Yeast and mould Components from Gram-negative bacteria (LPS)

* Virus
« Particles of the environment k
)l  VIAT: Ph. Eur. 2.6.30 KBET Guideline: Ph. Eur. 5.1.10 -
'ﬁ + Recognizes pyrogens with a high sensitivity. Guidelines for using the test for bacterial endotoxins (and MAT) =
@ Established in the PEP i =}
® + Mentioned in the Ch.P and USP rFC: Ph. Eur. 2.6.32 ) g
h=} Non-animal-derived reagent that can detect endotoxins. =
g RPT: Ph. Eur. 2.6.8 * Accepted as equivalent in the E.P. g
% . o LAL: Ph. Eur. 2.6.14 o
) » Measure of the rabbit body temperature after injection «  1st commercial available endotoxin method 2
5 of the product. « Best established and harmonized alternative to the RPT g
o + Former gold standard. « Broad acceptance from authorities around the world S
=
oS :( 15 February 2023

The Monocyte Activation Test (MAT): the human cell-based tool to predict
pyrogenic content of products

» The MAT is an in-vitro cell-based assay.

Principle of test: human monocytic cells secrete considerable amounts of fever-inducing mediators (proinflammatory
cytokines) in response to any contact with exogenous pyrogens (fever-causing agents).

» Advantages of using MAT in a QC environment:
* A much lower variability as compared to the /n-vivo methods with higher sensitivity
= Reduced time for lot release testing for a sustainable supply

= Fully alignment with 3Rs principles ((Refine, Reduce, Replacement)

/ System \ /'
Cytokines

\ Source of / \ -
Monocytoid cells ELISA quantification

v S :( 15 February 2023




L GSK QC release assay design of MAT

2
® -

Stimulation of PBMCs with RSE**
and Vaccine

i — -,

PBMCs* isolation and
cryopreservation

Blood from healthy

P —
Bistinated nan I ol

anliLo

N

SRS
* [

MAD ANt-L 6

Data Analysis

IL6™* detection on PBMCs supernatants by a
sandwich ELISA

*PBMCs= Peripheral Blood Mononuclear Cells
**RSE = Reference Standard Endotoxin
***|L6 = Interleukin 6

GSK

15 February 2023

L Outlook

* Bexsero is a trademark owned by the GSK group of companies.

GSK

MAT assay for intrinsically pyrogenic
product: the example of Bexsero*®

15 February 2023




L The Bexsero vaccine elicits cytokines production in the cells

Bexsero vaccine is constituted by three
recombinant protein antigens and the Outer
Membrane Vesicles (OMV) from serogroup B N.
meningitidis adsorbed onto aluminum hydroxide.

OMV component stimulates PBMC to produce IL-6,
in a concentration-dependent manner.

The MAT measures the overall pyrogenic response
of the Bexsero batches

The test replaces both LAL and RPT tests on
Bexsero DP for EU/RoW while it replaces RPT only
for US

Bexsero is a trademark owned by the GSK group of companies.

GSK

o 4 L Js

e T8

Bexsero components
HBp

«gy%

omv
BGiass 4

Class 5 ;ﬂ
PorB
g 3 3P with 50 pg/ml OMV (full dose OMV)
: 3 3P with 25 pg/ml OMV (1/2 OMY)
‘;ﬂ’ s 3 3P with 12,5 ug/ml OMV (1/4 OMV)
g
© .
2
- . . 3rP wio OMV
P PP

Vaccine dilution

IL-6 production in hPBMC stimulated with ad hoc Bexsero formulations containing different
quantities of OMV components

15 February 2023

L A ‘Reference lot comparison test’ using a Bexsero lot as Reference (Ph. Eur.

2.6.30) is applied for QC release of lots

Donor qualification step

» PBMCs’ donors are stimulated with a full dose-response

curve of Bexsero vaccine

> The linear part of the vaccine response curve for each i

donor is identified and used in the test

Final Format

» Relative Response (RR) versus a qualified
Bexsero reference standard batch using a Parallel
Line Assay

» The reportable result for MAT is the Geometric
Mean (GM) of RRs for the tested donors. N° of
donors can be selected based on the desired
assay variability

Bexsero is a trademark owned by the GSK group of companies.

GSK

PBMC donor#1

Chosen dose ranging

s PE—
s = 1:5 diluted
i sup.
3 ’ .

0.D. values

,pnt" o l,-lfp“'i‘w ‘\"9 ‘\‘9” o

Vaccine Dilution

lﬂ‘-“ p"'»\l"

GM(RR)

oo

@ Reference Vaccine
m Test Vaccine

4 donors
tested

mam mem sm

Vaccine diation

[

15 February 2023




L Outlook R

»  MAT assay for all other products: instances
of semi-quantitative and quantitive methods

* Bexsero is a trademark owned by the GSK group of companies.

E. S :( 15 February 2023

L Quantitative and semi-quantitative MAT assays

* Quantitative and semi-quantitative MAT methods foresee the comparison of the tested preparation
with the Standard Endotoxin which is used as Reference Standard in the test.

* The Contaminant Limit Concentration (CLC) is used as Specification Limit

MAT assay Characteristics

Quantitative Test » Comparison of the tested preparation with a dose-response curve of Standard
(Method A of Eu.Ph. 2.6.30) Endotoxin
» Appropriate when dose-response curve (expressed in endotoxin equivalents per
milliliter) of a preparation is broadly parallel to that of standard endotoxin
» Results are provided in Endotoxin Equivalents per ml

Semi-quantitative Test » Comparison of the tested preparation with Standard Endotoxin (4 endotoxin
(Method B of Eu.Ph. 2.6.30) concentrations close to the Limit of Detection of the assay)

» Parallelism between Endotoxin and the preparation not required

» PASS/FAIL test (Result has to be <CLC)

» Applicable to intrinsically non-pyrogenic product

S :( 15 February 2023 14




L Product-specific Validation: Monocyte Activation Tests

Quantitative and Semi-Quantitative Tests: final layout
e NG
Quantitative Test Semi-Quantitative Test
¥ 8 RSE concentrations v 4 RSE concentrations
v 3 Product dilutions: optimum dilution* (Sol.A), %2 Sol.A (Sol. B), %2 Sol B v 3 Product dilutions: optimum dilution*, % MVD, MVD
v RSE spikes at a concentration corresponding to %2 dose of RSE curve v RSE spikes at a concentration corresponding to 2xLOD
18
s R4
30 u
--RSE dilutions. i
g 25 ERY ——RSE dilutions
s © product g
g dilutions 5 U @ Product dilutions
c o product -
: T : o Co s e
& 18
@ | |
bt - RSE ranging from 0.005
8 to 0.04 EU/mI
o AN
*Optimum dilution = first dilution of the product for which the endotoxin recovery (in the test for interfering factor) is c / within the validity range 50-200%
==y
[E—T.4 15 February 2023

L Outlook

* Bexsero is a trademark owned by the GSK group of companies.

GSK

Risk-based approach for phasing out RPT

15 February 2023




L Substitute RPT with a risk-based approach
Avoid test duplication and rely on the most effectual test

<I> Remove and rely on controls at other steps

Lifecycle based on the consistency approach:
A * Based upon the principle that the quality of a biologic is the result of the strict
application of a quality system and consistent production.
‘B lication of lit t d istent producti

+
C * Subsequent batches are determined to be similar to clinically evaluated batches
and therefore acceptable for release

Pyrogen testing in v" Reduced in the manufacturing process
Incoming Material [EESRNRIENN v" Tested at intermediate drug product level
(e.g. Antibiotics) Yrogenicity 1S~ Analyzed by the Supplier and part of the CoA

v’ Evaluated again at a later manufacturing steps

w S :( 15 February 2023 17

L Pyrogen detection method should depend on a risk-based approach
Without the use of RPT

Pyrogens detection Endotoxins detection
| — Risk assessment — ]

Exclusion of potential Exclusion of potential pyrogens
pyrogens not clear other than endotoxins

!

[ MAT: Ph.Eur. 2.6.30 |

Is there risk under control
that non-endotoxin
pyrogens are present

YES BET Guideline : Ph.Eur. 5.1.10
NO rFC: Ph.Eur. 2.6.32
LAL: Ph.Eur. 2.6.14
@ Replace by the MAT test as a release @ Substitute by the BET test as a release

[ : :( 15 February 2023 18




L Will GSK abolish the RPT?

RPT use has been drastically reduced. An abolition in lifecycle is a realistic target

R&D = NO RPT use in vaccines QC =YES

« GSK always proposes in vitro test if applicable * The most suitable alternatives have been
This is not always accepted by all authorities 2016 identified, validated, or even submitted for
2022 approval
« If RPT is requested, GKS aims to have RPT as 2025 « Target: all approvals before 2025
interim release test while proving equivalence or « If specific authorities request RPT, it will be
superiority of alternatives reintroduced for the region
2016 > 25 RPT Exemplary benefits for a replacement
2022 < 5RPT <0.1% animal, Ethics, Compliance
2025 0 RPT >10d reduced test time, 25-75k€ ingross gains
E. S :& 15 February 2023

L Conclusions and future perspective

Conclusions
» The MAT assay is a robust and effective method which allows to effectively guarantee the safety of vaccine products.
Indeed, the method:
1. Enables a better evaluation of critical quality attributes of products
2. Reduces complexity/limitations of existing methods
»  much lower variability as compared to the in vivo method with higher sensitivity
»  reduced time for lot release testing
»  full alignment with 3Rs principles (replacement, refinement, reduction)

3. Ensures the reliably detection of pyrogen contaminants (if present) in the product

» The use of MAT assay is particularly strategic in the field of vaccines which could be complex in matrix structure (the
case of the Bexsero vaccine is an example).

» MAT is approved worldwide for Bexsero (Method C), approved for Encepur in Europe (Method B), under review for
other products (Method B and A).

Future perspective
» Abolition of RPT for QC testing before 2025

» RPT not proposed for pyrogenicity for new GSK products. Proposal of Equivalent or superior in-vitro alternatives for
pyrogenicity assessment on new products.

E' S :‘ 15 February 2023
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Thank you for your attention

QUESTIONS?

-
LUSK 15 February 2023
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L Development roadmap for quantitative and semi-quantitative MAT assays

1. Confirmation of endotoxin and non-endotoxin pyrogens detection on
Generic Assay set donors

up 2. Limit of Detection (LOD) estimation

3. Setting up of a donor qualification procedure

1. Calculation of CLC (Contaminant Limit Concentration) and MVD
(Maximum Valid Dilution) for the product;

2. Verification of the potential interference of the product on:

Product-specific - Endotoxin and non-endotoxin spikes
Validation - MAT detection system (IL-6);

Assessment of parallelism between product and Endotoxin

Final test layout
Assessment of pyrogens detectability with the final method format

S L0

-
| b 1 15 February 2023
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L Generic Assay Set Up: PBMCs respond to both endotoxin and non-
endotoxin pyrogens (NEPs)

= Comparable response observed in single donors and pool of 8 donors

= Limit of Detection (LOD) calculated as concentration corresponding to cut-off value*
- RSE (Reference Standard Endotoxin) LOD: 0.01 EU/ml
- FSL-1 (mycoplasmal lipopeptide) LOD: 0.005 ng/ml (NEP)
- RB848 (imidazoquinoline) LOD: 0.014 pg/ml (NEP)

RSE FSLA RB43
s 3 3
25 25 25
3 F 5
. 2. 2 .
H L 3
g 15 g 1s 3 15
] 3 5
g ! § § 1
H H £
05 05 05
o o ']
3 %3 0 B 3 13
o B P o o @ o o P o gt P Wt e
EU/mI ng/ml pg/mi

*cut-off value was calculated by applying the following formula: x + 3*s where x is the mean of the 4 replicates for the responses to the cell blank, S is the correlated standard deviation

—
LS :( 15 February 2023 23

L Product Specific Validation: Tests for interfering factors
reveal which product dilutions do not interfere with the test

¢+ Tests for interfering factors are conducted with both RSE and at least 1 non-endotoxin pyrogens (R848 or FSL1) based on
product features

+» The knowledge of the product and its reaction on the cells are fundamental to the application of the proper method.

¢+ The product is spiked with RSE and the non-endotoxin pyrogen at twice the stimulus estimated LOD (method B) or to its %2
dose of the dose response curve (method A)

«+ Spike at 2XLOD is applicable to product with neglect or low matrix interference while spikes at '; dose of the dose
response curve enable to overcome matrix interference effects

- = © batch #1

""" . e batch #2

@ batch #3

N

B
8
°

s
¥

RSE spike recovery (%)
B
°
.
s ce
.
-
R848 spike recovery (%)
R ]
gl lbelo
_
H .0
o e
™
o

-
H

&

‘‘‘‘‘ S e s Product dilutions

Product dilution showing no potential matrix interference on endotoxin and non-endotoxin pyrogens (e.g. 1/405 for this product) is tested for interference on the MAT
detection System (IL-6 specific ELISA) as well.

E' S :( 15 February 2023 24




Semi-Quantitative MAT assay: assessment of pyrogens
detectability with the final method format

v The correlation between CLC of a product and dilutions of
that product is described in Ph.Eur., i.e. MVD = CLC/eLOD.

v Contaminant concentration (in EU/ml) can be thus calculated
also for other dilutions tested for a product. Contaminant

Pure vaccine samples can be spiked with RSE as a surrogate
for a contaminated final product

Samples are then tested in MAT final format to
assess pyrogenic content in the final product

concentration = Product dilution* eLOD

Examples of product | LOD of the
Dilution assay

Contaminant
concentration

correspondance
400 (optimum dilution) 4 EU/mI
1250 (1/2 MVD) 0.01 EU/ml 12.5 EU/ml
2500 (MVD) 25 EU/ml

GSK

Pure

% CLC Optimum vaccine

[ 1400 FaL | [ Fan FAIL || PASS |
[ 11250 | | FaL | [ Fan || pass |[ pass |
| 12500 | [ Fa | [ pass |[ pass |[ Pass |

15 February 2023
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PYROGENICITY TESTING
OF VACCINES :

No future for the
Rabbit Pyrogen Test
(RPT)

[ ]
Emmanuelle Coppens

Stéphanie Richard

EDQM-EPAA 15 February 2023

AGENDA

1 Sanofi 3Rs global strategy

2 Which Pyrogenicity testing for what pyrogens

3 Sanofi Vaccines : ongoing strategy to phase out RPT
4 MAT format selected by Sanofi for vaccines

5 MAT case study for inherently pyrogenic vaccines

6 Conclusion

.
sa n ofl EDQM-EPAA PYROGENICITY TESTING 14-16 FEB 2023 - CONFIDENTIAL 2




1 Sanofi 3Rs strategy

3R; Integrated Research and Testing Strategy (IRTS)

Industrial
Affairs

G?TS is Sanofi strategy that lays out OD
guidelines to affirm rigorous, state-of-the-art

science as key criteria to select the best available, j A
fe_a3|b_le_, and _translatable mc_JdeIs to address Sanofi Animal Use (2021)
scientific questions and adhering to regulatory
requirements, most importantly with the primary

75%

A 7 : ; ; ; Replacing by Waiving and
le to relieve Sanofi of reliance on live animals. / validation, challenging
qualification, obsolete animal

acceptance tests
Target:
50%b
reduction

Objective : 50%6 global reduction
of animal use in 10 years

+ Between 2020 and 2030
Internal and external use

Phasing in NAMs
(new approach
methodologies)

.
sa n ofl EDQM-EPAA PYROGENICITY TESTING 14-16 FEB 2023 - CONFIDENTIAL




3Rs Sanofi’'s ambition for vaccines : no animal-based
analytical testing in Quality Control

Test in animals '?%' Ongoing Remaining legacy safety tests removal (eg

Only for preclinical phases - ATT, redundant specific toxicity (toxoids))
Translational and refinement d s § In vitro potency development for DTaP
approaches for preclinical package A vocacy (Diphtheria, Tetanus & acellular pertussis)

Analytical methods
developed without ADRs*
(eg Alternative ligands)

Remaining Rabbit Pyrogen test
removal/replacement (eg BET,MAT)

Cln vitro potency for rabies and IPV)

New Established
Innovative state of the art in Vaccines Vaccines (Replacement of polyclonal antibodies)
vitro/in silico technologies applied R . . .
o X eplacement of Diphtheria specific
for clinical batch testing (eg HTS) toxicity by VERO cell assay
In vitro potency (Hepatitis A, Mouse histamine sensitization assay ) .
Hepatitis B, Polysaccharidic replaced by in vitro CHO clustering assay In vivo adventitious agents
vaccines) ' (aP) testing replaced by in vitro
Intermediate serological approach Achieved Replacement of primary animal cells
for DTaP potency (eg L20B cell line)

Reagents

SOI"IOI'I * Animal Derived )-k [ ]5

2, ¢ Evolution of animal internal use (2013-2022) A,
- -

Sanofi Global Use Global QC animal use for vaccines
600 000 450 000 \\
500 000 400 000 \
350 000
400 000 300 000 \
300 000 250 000 \
200 000 -
200 000 150 000
100 000 100 000
50 000
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Overall decrease of animal use :

Constant decrease of animal use :

- 45% between 2013 and 2020 - 70% between 2013 and 2022

- 38%0 between 2020 and 2022

EDQM-EPAA PYROGENICITY TESTING 14-16 FEB 2023 - CONFIDENTIAL 6




2 Which pyrogenicity testing for what

pyrogens?

Pyrogens — which test methods for their detection

Comparison of the methods described in pharmacopeias

Body temperature elevation post IV

Hemolymph clotting in contact with endotoxins /

Monocyte Activation Test (MAT)
Ph. Eur. 2.6.30 (and 2.6.40)
1P 22 2.2.25*

ChP draft “Gene Reporter Assay”

Mimic the first step of fever mechanism - uses

Principle injection or recombinant reagent human cells
. - A) Quantitative Assay (but plan to be deleted)
Method Limit Assay (0.5 IU/mL/kg) shoae:igt'gg ;’;n‘gi‘:if,";'ttst(')"g(gsia‘/'ml_ B) Limit Assay
: C) Lot-to-lot comparison
Goal Safety Test Safety Test Safety Test
Product/Process Consistency Product/Process Consistency Product/Process Consistency
Compendial method Clom=ntlE] meé;gd(agrnéﬂmjz;)d fioF AL lorset| In vitro — Compendial method (EU)
Advantages (US, Eur and JP but not harmonized) Sensitivel andl fast Sensitive to pyrogens
Sensitive to all pyrogens rFC compendial only in Ph. Eur. Based on human cells
In vivo A g
Not harmonized through Pharmacopeias Bve (horsesh(;e;crizz)ls B EITEEmgEEE|
Variable « Only sensitive tgendotoxins from Gram
Drawbacks Not representative of human biology negative bacteria » Compendial method only for

Injection route
Dilution of the product (vaccine)
Intended to be deleted in Ph. Eur.
(2026)

sanofi

In vitro alternatives are not compendial methods outside Europe*

rFC approach not compendial in USP and JP and
China

Ph. Eur. since 2010

*exception
8




Pyrogens — which test methods for their detection

A risk assessment is performed to identify which is the candidate method for pyrogens detection

depending on the nature of pyrogens

Risk assessment / product

v V
Pyrogen risk = Pyrogen risk =
Endotoxins NEP +/- Endotoxins
v
LER effect
|
v v
LER - LER +
' )
BET Yes Interferences No  MAT (or RPT)
‘ can be removed ? > +/- BET
(sample treatment)
sa n Ofi EDQM-EPAA PYROGENICITY TESTING 14-16 Feb 2023 - Confidential

NEP= Non Endotoxin Pyrogen

LER = Low Endotoxin Recovery

RPT Intended to be replaced

3 Sanofi Vaccines : ongoing strategy to

phase out RPT




Sanofi overall strategy for new and established vaccines
DP release testing

Substitution by BET (LAL)
BET already performed-> RPT deletion
BET not in place -> LAL implementation

Product identified with endotoxin risk only

Risk assessment based on
process knowledge and
contamination control strategy
and historical data

to justify product safety in
terms of potential pyrogens

New Established
Vaccines Vaccines

Product identified as inherently pyrogenic :
MAT (method 2/C or 2.6.40)

(_ substitution by MAT )

EDQM-EPAA PYROGENICITY TESTING 14-16 FEB 2023 - CONFIDENTIAL 11

RPT- current situation

Remaining RPT release testing on established product

>12 RPT 6 RPT

2017 2022 >2026

® Products with endotoxin risk only :
® Only 1 remaining (LAL implementation ongoing)
® Challenge for the use of BET as sole method to assess pyrogenicity from some
Health Authorities outside Europe

® Products inherently pyrogenic : MAT development ongoing

sanofi
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4 MAT format selected by Sanofi for

vaccines

IntrOdUCtlon to Pharmacopoeia chapters & Guidance

the. Mo.nocyte S Ph Eur. 2.6.30 (method 1 and 2)-under revision
Activation Test N\ Ph Eur. 2.6.40 (vaccine dedicated)-under creation

(MAT) b (TR Indian Ph. 22 2.2.25

No other Pharmacopoeia text
US text-Guidance 2012

In vitro alternative to the
Rabbit Pyrogen Test

LTA Gram-+, Lipoprotein

. ’ LPS Gram- Exogenous Pyrogens = 8 =
Based on the first step of .’g4g g Fiagellin P
fever mechanism S e e g 7
TLRO % 4>\R5 iE-DAP MDP
Based on human o @0 i — o) s j( —
monocytic cells & pro- -0e e Nod2 eokine stecion

0 immuno-assay
. . TLR7
inflammatory cytokine v

. g . Overnight incubation
quantlflcatlon @..-.....> - :

.
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Introduction to
the Monocyte
Activation Test
(MAT)

General Chapter 2.6.30
evolution (Pharmeuropa
34.2)

Methods to be justified
regarding the product
and the goal of the
testing

MAT format:
Source of
Monocytes &
pro-
inflammatory
cytokines

PBMCs (pool)/I1L-6 as

a universal format
across Sanofi

sanofi

Method 1 (A+B)=
semi quantitative method

LPS

i R

ECL (Endotoxin Concentration Limit)
as specification

Purified E. coli standard

EE/mL (Equivalent Endotoxin/ml) as
reportable value

Conclusion : Pass /Fail

-

To be used when no NEP
is expected (Product
Characterization)

Method 2 (C) =
lot to lot comparison

Ref T

J Ech
L=
Use when matrix interference in method 1
Or
If the pyrogen content of the product is inherently high, it may
be more appropriate to carry out, for example, a parallel-line
analysis on the dose-response curves for the test and reference
lots. In this situation, solutions of the preparations are tested
at 3 or more geometric dilutions which cover the range of
the dose-response curve used for the validated analysis (see
chapter 5.3. Statistical analysis).

To be used when the pyrogen
content (NEPs and/or
endotoxin) of the product to
be tested is high (inherently

pyrogenic)
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Human monocyte cell source

«  Primary cell (PBMCs or Whole Blood), individual or pooled,

fresh or frozen
« Celllines,

Pro-inflammatory cytokines
+ IL-1B, IL-6, TNFo, IL-8

Cell line Ready to use

MonoMac6 /  Test Reproducibility improved
IL-6

Whole /

Blood/IL-1

PBMCs/IL-6 A better representative of

(Pheripheral Blood

S what may occur in vivo than
ononuclear Cells)

the cell line

Several suppliers worldwide
ECVAM validation

Pool of donors (reduces
variability)

Currently used by ANSM

Pros Cons

Restricted access (Merck- Worldwide
licence)

Not always well accepted by MAT European
experts

Abnormal cell

TLR expression characterization required

Intra/Inter batch variability
Not used anymore

High cost
Complex reagent management

16
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Which technology to detect IL-6 : ELISA or HTRF ?

ELISA HTRF (Homogenous Time Resolve Fluorescence)

- The most frequently used in MAT - High dynamic range (full curve-4PL)

- Sensitivity suitable for method 1 -Sensitive enough for consistency approach
-Faster than ELISA

- not suitable for MAT for vaccines -New technology for Sanofi's QC

containing pyrogens (high signal magnitude
deep slope-4PL analysis)

St

MLsa B-TRF . _h‘ 1 Vaccine M gt
; H : i .
5 Assay sensitivity . N\ DS stage
£, ° | Vaccine T ! ' .
i ‘ o ~ DP stage LN

, HTRF technology has been chosen for IL-6 detection (method 1 or 2|)

°
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Summary of MAT systems in place in Sanofi

e N
MAT format cryoPBMCs (Pool) / IL-6
J
(" Product containing )
Absence of pyrogens pyrogens - consistency
L approach )
4 I
2.6.30 2.6.30 Method 2
Sleiies Method 1 or 2.6.40
- J
p
IL6 detection
s HTRF* HTRF
- -

. * If sensitivity is suitable for method 1 |
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5 MAT case studies for inherently

pyrogenic vaccines

leEldgloleelnglolel MAT — Product-specific Performance

vaccine P Linearity
2 operators . 2099 y22291X + 926.5
3 series with 3 independant £ 10000 R?=0,9833 %
determinations = S 8000 g
. 4
Lot to lot comparison 5 levels of concentration c gsooo o
method C e 25-50-100-200-400% Ez .
'5 2 4000 .
Licenced product currently u% 2000 ‘.l"'
released with RPT 0
Accuracy 0 2 4 6
Development of the MAT An acceptable global Vaccine P levels
to switch in the coming accuracy of the test has
years been documented during . o
Linearity and Intermediate Intermediate precision (evel 100%)
Precision study Reportable values were found to have

a %CV of 1.32 (N=8)

.
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SANOFI y)

Pyrogenicity consistency on vaccine P demonstrated
by MAT

4000
Plate 1-2-3 gveriay
e——y A
| i, 2 3000- Rl
k = — R
> * XN\ o [ ATD
Z i = ALAL
2 \ S 2000
2 Y g
= £
o \i = 1000
=) Ny
n S
- .

I
! All lots Recent lots  Reference lot
Daon B2 000 $2aN) tested (5 batches, 3 (15 determinations)
determinations)

MAT method C is applicable to Vaccine P at DP stage
Preliminary results demonstrate an appropriate process consistency

sanofi 21
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MIEIg[olEloelslsl MAT - Product-specific Performance
Carrying INtrinsiC |ur——
pyrogens = 4 series

vaccine M »= 5 levels of concentration
DS Stage e 50-75-100-150-200%

Accuracy (recovery)

Linearity

Linear fit on transformed data

Y =1,023x +0,02869

Lot to lot comparison
Method C Exactitude MAT

Trueness/Difference of centering study - Recovery mean

Experimental Titer (LOG,,)

pi T dn s e e &
Clinical phase I/IIa o " (0% contidunce mterea) Theoretical Titer (LOG,,)
101.077
. . . Overal [99.211;102.943]

Characterization Test during " i

- clinical process devlpt “ o125 . .

_ Major process Change in |%5‘T"0;l;2“30| Intermediate precision (routine level)
100 - " . s "

the fUture |<17.1€;106;[;sm] N GMean lSS"/nont-sldnG‘lcu\';;:: ; (!Sv-ionz-':i::;o:pisrv o
200 (101,830 111.470] confidence limit) confidence limit)
0 101.000 1" 0.152324 3572 (6.511) 5110 (14577

[95.607 : 106.393]

.
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Example of process support by MAT

2,50 vaccine M, DS stage MAT-mPU/pLg 7,000
£ 0]
3 60 &
BEO100 5
Q Q
E - Clinical Phase I process development linical Phase II process developmen E
St g Q
N 3]
2 o]
’lg 1,00 g
= 5
< o050 S
o &e®eedq :

0,00 W NN__WN__

Within the toolbox of analytical methods, MAT is a suitable and important method
driving process development of vaccine M at DS stage.

°
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6 Conclusion




Conclusion (1)

® Removing RPT is a clear ambition in alignment with Ph Eur evolution strategy
® RPT is almost completely removed for non-NEP-containing marketed vaccines with
substitution by BET as the sole method used to assess pyrogenicity

® MAT implementation is ongoing :
® For inherently pyrogenic products (Method 2/C):
® QC transfer of the assay for release :ongoing for 1 product, planned within 2 years for
another one
® Used in R&D as characterization tool
® For products under development with no expected NEPs (Method 1/A+B):
® Under implementation as characterization tool

°
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Conclusion (2)

® Challenges foreseen with MAT as alternative to RPT

@® Acceptance of MAT outside Europe
® As a compendial test with only product specific validation as described in 2.6.30 and
without comparative in vivo/in vitro studies
® As a release test for clinical batches during clinical development

® Reference selection & Product acceptance criteria definition with method 2/C (lot
to lot comparison)
® Choice of the first reference lot
® How to define acceptance criteria for clinical batch release using MAT ?

® Use of MAT as a routine Quality Control test
® Complex Cell-based assay over two days
® Expensive assay

.
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