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Gaston Ramon (1886-1963),
a veterinarian at the Pasteur Institute in
France, observed that horses given diphtheria
toxin had a stronger immune response if they had
some inflammation at the injection site. Among his first £
adjuvants were agar, yapioca, lecithin, starch oil,
saponin, bread crumps, grinded coffee & alum.
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... but the majority Is
produced and owned by
vaccine companies and thus
not readily available for licensing
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Our purpose _ >

» To design and develop vaccine adjuvants for any purpose needed
« To mature vaccine adjuvant technologies by developing manufacturability and scalability.
 To make novel vaccine adjuvants reliably available to vaccine innovators

« To supply developmental and commercial volumes in line with our customers readiness.

« To bring forth safe and effective vaccine adjuvants to the world

CRODA Pharma
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Strategy plan - Bench to bed infrastructure

Production

* Early formulation (0.001-1L scale)
* Variable composition
Al - Function and stability assessment

J
» Formulation scaling (1-10L scale) )
» Fixed composition
non-GMP sl . Benchmark formulation with early formulation method )
» Formulation scaling (1-100L scale) )
operations [N Process validation and production support
Sl * Potential production for GLP tox
and support J
GMP * GMP production for developmental projects (1-100L
Developmental Scale)
HOEe « Fill-finish in single dose vials
Production _J
Production

* GMP production for licensed products (10-1.000L
batch scale)

Marketed

product * Fill-finish in multidose containers
production )

Research

Analysis
Development

Analysis
validation and
support

Qc
development

Qc
product

Quiality control

» Experimental analysis h
» Understand formulation composition and arrangement
» Test new analysis approaches )
» Develop methods from research for QC application.
« Test best suitable equipment for QC implementation
 Techtransfer support to QC development )
» Techtransfer from Analysis development )
* Validation of analysis methods
» Support to QC development and product )
» QC analysis on developmental products )
* Implementation of new methods in QC analysis
 Support to QC product )
N
* QC analysis on marketed products
J

CRODA Pharma
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Croda Pharma
Securing Vaccine Adjuvant Ingredients
and Systems supply chain
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Semi-Synthetic: Phosphatidylcholine, Phosphatidylethanolamine,
Phosphatidylserine, and Phosphatidylglycerol

Research & cGMP

v
DPPC 730355 63-89-8 v
- = DSPC 730365 816-94-4 v
excipients meooom
POPC 770557 26853-31-6 v
DEPC 730398 51779-95-4 v
DPPC (Ultra high purity) 738555 63-89-8
DMPC (Ultra high purity) 738345 18194-24-6
DOPE 770725 4004-05-1 v
DOPS 770035 90693-88-2
DMPG 730445 200880-40-6 v
2000+ unique Research Catalog Items DPPG 730455 200880-41-7 4
DSPG 730465 200880-42-8 v
PEG Lipids
Lipid Product number CAS DMF
DMG-PEG2000 770151 160743-62-4 v
c DSPE-PEG2000 770120 474922775 v
~600
new research prOdUCtS launched in the paSt DSPE-PEG2000-Carboxylic acid 770135 1403744-37-5
4 rs. DMPE-PEG2000 730150 474922-82-2 v
years ALC-0159* 770159 1849616-42-7 v
Miscellaneous
. . Lipid Product number CAS DMF
> 1 5 SynthetIC chemists (1 2 PhD ) Tricaprylin 730412 53823.8 v
Cholesterol (Plant, Parenteral) 730100 57.88-5 (GO ool
ALC-0315* CM04017 2036272-55-4 v
DDM 770520 69227-93-6
DPC 770336 29557.51-5 v
2 50+ years of combined experience Synthetic Monophosphoryl Lipid A (MPLA) Adjuvants
Lipid Product number CAS DMF
PHAD™ 770030 1246298-63-4 v
3D-PHAD™ 770040 1699735-79-9 v
3D(6-acyl)-PHAD™ 770050 252042-59-4 v

CRODA Pharma
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Modified from DOI: 10.1016/j.pervac.2011.05.004

/]\ Salmonella minnesota

LPS

Phosphorylated HexaAcyl
Disaccharide (PHAD)

» Fully synthetic equivalent to bacterial-
derived MPL-A

TLR4 agonist inducing Th1 responses

» 3 types available in GMP quality
3D(6A)-PHAD® - . PHAD®
« PHAD (also referred as GLA)* AN B W pA
. HDD q M " 3 NHA‘H% 2 NH Ho\/o 2 o . ;OO
ozﬁo% : h N b L onc® 0= ”;L?N:\DH o (e o %H
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*proven safety and tolerability in >30 clinical trials

CRODA Pharma




Finucci et al. Science 383, 1135-1141(2024)
DOI:10.1126/science.ade9121
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Is a vaccine adjuvant component used for
parenteral vaccine emulsions.

Is included in the MF59 and AS03 adjuvants,
which is widely used in flu vaccines, and other
similar systems in development.

Is named after the Latin word for shark —
squalus - because it is sourced from deep-
sea shark livers.

This sourcing has the potential to further
devastate shark populations and have long-
lasting ecological consequences.



NEW Sustainable Squalene

Engineered by synthetic biology, non-shark-derived

Sourcing squalene from deep-sea sharks is unsustainable.
Its use in life-saving vaccine formulations creates a strong
demand for viable alternatives to secure supply.

Sustainable Squalene offers:
Superior purity of at least 99% in line with stringent requirements of vaccine

manufacturers
Molecularly identical with shark squalene
Equivalent stability in emulsion adjuvants “Shagae T
Sustainable production via cutting-edge, proprietary technology L T -
ecosystems

» Consistent and secure supply

« Life Cycle Analysis including carbon emission and land utilisation impacts

Smart science to improve lives™

Tl
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Manufacturing Squalene by fermentation
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Yeast

. purified
] —> Sustainably

O .’) : purification sou rced
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‘J,-—‘\ 200 Squalene

\/ LB A AT O
N\ . Optical micrograph of yeast cells after
> Fermentation the fermentation process

Precision
engineered by '
Amyris scientists

Yeast transforms sugar into target molecules

Sustainably sourced squalene is:
« Similar to shark based squalene 299% pure (area%)
« Compliant with EP monograph 2805 specifications - the minimum specification required by vaccine producers

* No ChP, JP or USP monograph for squalene as a vaccine adjuvant exists at present
amyris & 2023 amyris, Inc. all Rights Reserved. CRODA pharma



From
research to
GMP grade

supply

Delivery

System

building
blocks

AL
& o Bl - ¢ Our portfolio
/

Alhydrogel ™

Cat'ionic Iipic}s Adju-Phos™
lonisable lipids

PEG lipids

Structti)ral lipids PHAD™ range CAF®01

Neutral lipids Inmuno- | 2B B i yang | CAPPO9D

Super Refined™ T I QS 21 ) systems sMPLA/QS21 liposomes
« Polysorbate 20 Sustainably Squalene emulsions

« Polysorbate 80 Sourced Squalene

Span™ 85 Pharma Quil-A (vet)

Sterols NanoQuil™ (vet)

CRODA Pharma



Alum is still
the gold standard

A7 S £
- i ' — « Acts as an "amplifier” for the innate immune
) response and enables a boost in antibody
production

« Can be combined with other adjuvants (such as
Monophosphoryl Lipid) to achieve a balanced
Th1/Th2 immune response

* More than 80 years of safe and effective use
in commercial vaccines

» The widely recognised and market-leading
adjuvants Alhydrogel™ and Adju-Phos™ are
produced in the only aseptic manufacturing site
for aluminium-based adjuvants globally

GRAS Generally Recognized As Safe C RO DA Pha rma




Alum R&D support

« Support with drug-product formulation
optimization and characterization

* Consulting on formulation issues

* Hands on optimization, characterization, analysis
development, CPP definition etc.

» Aluminum based adjuvants with gradually shifting
zero-point of charge
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= Sedimentation Eg

Shear Stress [=

a  [emperature
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Understanding the impact and variation of the
binding capacity

Define other analytical method than binding
Capacity

Understanding the Sedimentation influence on
product quality

Define other method than the current set-up

Impact on the product

Understand particle size behavior

Impact on the product surface area

Particle size

Zeta potential

Impact on product morphology, sedimentation
and or particle size

CRODA Pharma



DOI:10.1016/j.smim.2018.10.003

The CAF® adjuvants

Croda has entered a strategic
collaboration with the renowned
Statens Serum Institut

STATENS
SERUM
INSTITUT

Croda will exclusively manufacture and

commercialise CAFO1, CAF09b and potentially  E R T TSP T a2 s [y

. . . . CAFO01 * % ok %k * % %k
new CAF adjuvants in clinical development.  cargs  xxxx  * . T i N
CAF05 * * * %k - - * % * %k K
The CAF range offers opportunities for new CAFOE  *kkk *kkx  * I * * ]
prophylactic and therapeutic vaccines. CARDBINN o - - - * X K - * kK
CAF09b * % * % = - * % * % * .
CAF10 *hkkk  kokkok * * % %k * %k = * %

CAF11 * % Kk %k * % % * * * %k K - * Kk



CAF01 . Th1/17 type CMI response and strong Ab responses

M. Tuberculosis
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CAFOgb Mucosal adjuvant for strong CTL/Th1 and IgA/lgG responses

M. Tuberculosis
- 0 Mycolate layer

* Polyinosinic:polycytidylic acid

Wmmﬁﬂm + structurally similar to dsRNA, present in some
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AS01 alternative: Strong Th1 and Ab responses
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* PHADs are synthetic analogs of MPL
* TLR4 agonist
» MyD88 dependent proinflammatory response

* Th1 type cell mediated immune response

CRODA Pharma



Squalene emulsion adjuvants: strong Ab responses

Non-animal derived oils Surfactants/lipids

* Induces the release of DAMP signals < - -

» Triggers cytokine and chemokine - . J{M
cascades l\vﬂ‘;ﬂ

« Leads to innate cell activation, TLR-ligand '
enhanced antigen uptake/delivery -

Squalene = e Lo
% Surfactant ‘“5% AN

Lipid S « Tween80™
N *+ Span85™
« Synperonic™ PE/F68 (poloxamer 188)

@ ¢ . DxPC
N
Uanpel”

CRODA Pharma
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Which adjuvant to chose and how to use it?



We can help you, which
vaccine adjuvant to choose

 There is no "one solution fits all’

Th2
. _Selection_should_depend on the Elderly,_ Treg
immune fingerprint requested
- correlates of protection «++ Alhydrogel/Adjuphos
- most often based on availability Neonatal $..,, pemazee® TH1
 “Lemming effect” vs novel technology «+ CAFO1
.'. CAF09b
« Selection often based on compa-  ¢P? .+*"Th17
rative studies in small animals =+« SMPLA/QS21 iposomes
« Can we utilize these models better? «++ SQ-emulsion

» Optimal vaccination regime is differing

with platforms
CRODA Pharma



An example:

Squalene Emulsion .. CAF®01

* Immune responses after ONE immunization

» Addavax™ from Invivogen (analogue to MF59)
« CAF®01 from SSI
» Chlamydia vaccine candidate CTH522 as model antigen

» Kinetic study focusing on

* Antibody responses

« Antigen kinetics and uptake

» Development of Germinal centers
* Depot removal

Pedersen et al. Frontiers in Immunology, 2020:https://doi.org/10.3389/fimmu.2020.579761

SE
(Addavax)

CRODA Pharma



Week 1 week 2 Week 3 Week 6

Antibody and  .: : i 1
2
Tcellresponses ¢/; & % | %
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10" 102 10® 104 10" 102 10° 104 10" 102 103 104 10" 102 103 104 105
Log10 dilution Log10 dilution Log10 dilution Log10 dilution
» Fast Ab response by SE
« Slow but eventually higher Ab 60000- IFN-y 4000- IL-17
response by CAF®01 A Antigen
O ¥ +CAFO1 3000-
. £ 40000+ @ +Addavax i
* No T cell responses with SE 5 2000-
2 20000 \ \
» Detectable Th1/17 responses early 1000 4 '
. . . v
after immunization w. CAF®01 ol e—0—p—3& ol a—e—"3—o
D7 D14 D28 D42 D7 D14 D28 D42

Pedersen et al. Frontiers in Immunology, 2020:https://doi.org/10.3389/fimmu.2020.579761 C RODA pharma



Ag+ cells SOI

Antigen pharmacokinetics

« SE facilitate Ag drainage to the draining LN
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« CAF®01 forms an Ag depot at the Site-of-injection
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Pedersen et al. Frontiers in Immunology, 2020:https://doi.org/10.3389/fimmu.2020.579761 RODA pharma



Germinal center formation

+CAF01 +SE
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« SE fast GC formation, that is almost disappeared 42 days after immunization.
» GC formation with CAF01™ is delayed and | still big after 42 days.

Pedersen et al. Frontiers in Immunology, 2020:https://doi.org/10.3389/fimmu.2020.579761 CRO DA Pharma



Implication for vaccination protocol

» Vaccine adjuvant selection often based on comparative studies in small animals e.g. mice

» Classical protocol: 2-3 vaccines with 2-3 weeks interval

Spleen/lymph nodes Blood Typical boost

- | times in mice
Garminal centers Primary response

(=]
1

v

z :
. g 41 #* Antigen
3 / ¥ +CAF01
5 f v ; ® +SE
2
Secondary response ETS 7<I /
1gG
: v
= 8 0-
Q ) S oD K S
Day

» Optimal booster time is differing with adjuvants

» Should be taken into consideration when designing comparative studies
CRODA

Pharma



We can help you, which oW
vaccine adjuvant to choose ) n
* There is no "one solution fits all’ d | )('\.
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@ Thank you

/ ( Award
Winning CRODA Pharma

Ingredients e .
e %, Avanti Research

e A
Empowering biologics delivery

A world leader in pharmaceutical CONTACT

excipients, vaccine adjuvants,
lipids and bioprocessing
ingredients for human and
veterinary applications.

dennis.Christensen@croda.com

Non-warranty

The information in this publication is believed to be accurate and is given in good faith, but no representation or warranty as to its
completeness or accuracy is made. Suggestions for uses or applications are only opinions. Users are responsible for determining
the suitability of these products for their own particular purpose. No representation or warranty, expressed or implied, is made with
respect to information or products including, without limitation, warranties of merchantability, fitness for a particular purpose, non-
infringement of any third-party patent or other intellectual property rights including, without limit, copyright, trademark and designs.
Any trademarks identified herein are trademarks of the Croda group of companies. CAF® is a registered trademark of Statens
Serum Institut. ©2025 Croda International Plc ©

"RODA Pharma

SMART SC|EN§_E TO IMPROVE LIVES"™



