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Formulation development:

Combining old building blocks to create an innovati ve
new vaccine
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Quinvaxem ™: 5in 1

DTwP-HepB-Hib vaccine

Protection against diseases caused by:

Corynebacterium diphtheriae
Clostridium tetani

Bordetella pertussis

Haemophilus influenzae type b (Hib)
Hepatitis B virus
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Quinvaxem ™ composition

Active ingredients:

* Diphtheria toxoid

Tetanus toxoid

Inactivated B. pertussis

Hepatitis B surface antigen (HBsSAQ)

CRM-Hib: Hib oligosaccharide, conjugated to CRM 4,
(non-toxic mutant of diphtheria toxin)
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Quinvaxem ™: well known , Crucell
components

All antigens used in Quinvaxem ™ are used in several licensed
vaccines, all are WHO prequalified:

« D, T, wP: used in various combination vaccines produced by
Novartis Vaccines (formerly Chiron Vaccines); long-running history of
production

e HBsAQ: used in the Hepatitis B vaccine Hepavax-Gene®; many years
of worldwide distribution incl. UNICEF/PAHO

« Hib: used in monovalent Hib vaccine Vaxem-Hib® and the fully liquid
tetravalent DTP-Hib vaccine Quattvaxem® (both produced by
Novartis Vaccines)

& well documented characteristics of all components
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From Quattvaxem © ..............

Tetravalent Vaccine Monovalent Hep B

Quattvaxem ©® Hepavax-Gene ®

b

DTPHib fully liquid Hep B liquid
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Crucell
@
.............. to Quinvaxem ™

Quinvaxem ™

H fully liquid
‘ single container

DTP-HepB-Hib fully liquid
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Quinvaxem ™ formulation: the , Crucell
challenge (1)

 Starting point for Quinvaxem™ formulation process
development: Quattvaxem® process

e Adding the HBsAg to the established Quattvaxem®
formulation process brought together antigens with very
different characteristics

* Process parameters had to be fine tuned to ensure
maximum immunogenicity and stability of every
component

No simple addition, but re-tuning of formulation
process to accomodate all antigens in a fully liqui d
presentation
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Quinvaxem ™ formulation: the , Crucell
challenge (ll)

« Key element: antigen adsorption to adjuvant (alum
phosphate)

 Different ,needs’ by different antigens:

—maximize adsorption of HBSAg

—HBsAQ needs to be adsorbed to adjuvant for maximum
Immunogenicity

—adsorption requires acidic pH

—adsorption rate less critical for D, T, wP antigens

—optimal pH for stability of CRM-Hib in liquid form
—avoid acidic pH
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QuinvaxemTM formulation: the ; Crucell
challenge (lll)

How to keep everybody happy:
« add antigens in a specific sequence
« control pH value tightly at each addition step

Berna
a Crucell Com



Quinvaxem ™ formulation , Crucell
development

* Fine tuning of fundamental process parameters done on
laboratory scale (mL — L)

 First upscaling to scale of several liters
—resulting material used in stability programs and initial clinical study

» Transfer of process to manufacturing facilities
— preparatory studies on mixing conditions, pH calibration
—test runs (without, then with antigens)

— manufacturing consistency batches: proof of ability to produce the
vaccine in a controlled and consistent fashion

— material tested in stability and clinical studies
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Quinvaxem ™ composition

Composition per 1 dose (0.5 ml)

Diphtheria toxoid

Tetanus toxoid

Inactivated B. pertussis
Hib oligosaccharide
Hepatitis B surface antigen
Aluminium phosphate
Sodium chloride

Water for injection

3 301U

3 60 IU

3 41U

10 nyg, conjugated to ~25 ng of CRM, 4,
10 ny

1.36 mg

4.5 mg

to 0.5 ml

Contains traces of thiomersal as a residue from the manufacturing
process.
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Quinvaxem ™ |ngredients (I)

Antigen production

e Diphtheria toxoid, Tetanus toxoid

Prepared from C. diphteriae and C. tetani cultures by
Inactivation of the toxins with formaldehyde and purification

 Inactivated B. pertussis
Prepared from inactivated and purified B. pertussis cultures
e CRM-Hib

Purified H. influenzae capsular oligosaccharides are
conjugated to CRM, 4, a detoxified mutant of diphtheria toxin

Berna

a Crucell Company



‘Crucell

Quinvaxem ™ ingredients (ll)

Antigen production

Hepatitis B surface antigen (HBsAQ)

Produced in genetically engineered yeast cells (Hansenula
polymorpha) carrying the relevant gene of the HBsAg
Process steps:

—growth of cells

— disruption of cells

— inactivation

— purification of HBsAg

Berna

a Crucell Company



DTPw-HepB-Hib (Quinvaxem ™) /»;Ey&cell
Vaccine composition

Final
formulation &
filling by

Crucell/Berna

Hepatitis B
component
Crucell/Berna

4 Novartis
components;
already used
in Quattvaxem
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Sources of antigens

* Diphtheria toxoid, Tetanus toxoid, Pertussis suspension:
Novartis Behring, Marburg, Germany

 CRM-Hib:
Novartis Siena, Siena, Italy

 HBSAQ:
Berna Biotech Korea Corp. (BBKC), Yongin, Korea

All antigens are shipped to Berna Biotech Korea Corp. for
formulation, filling and packaging of the product
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Logistics

HBsAg

May 29, 2006
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Logistics

ech Korea Corp.
" form./fill./pack
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Berna Biotech Korea Corp. ¢ Crucell
manufacturing plant '/
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Quinvaxem ™ production

« formulation, filling and packaging are done in a brand
new, purpose built, state-of-the art facility

* high speed, high efficiency equipment

« capacity allows Crucell and Novartis to be a major
supplier of pentavalent vaccine on the global stage



Quinvaxem ™: quality

« BBKC serves as a model for Korean authority (KFDA) in
terms of quality systems and cGMP

e production in BBKC is fulfilling international standards

» recently inspected by WHO, with overall favourable
conclusion



Quinvaxem ™: getting ready for
launch

« obtained product license from Korean authorities (KFDA)
In March 2006

 triggered start of commercial production

* Quinvaxem™ manufacturing is ongoing, product is being
stockpiled for launch and beyond



Quinvaxem ™: a high priority
vaccine for WHO

« Quinvaxem was classified as high priority vaccine by
WHO

« enabled unique prequalification process with WHO:
— review of documentation in parallel with national authority (KFDA)

e Result:

— Quinvaxem™ s the first vaccine to be prequalified under the new
process for high priority vaccines.

— Prequalification shortly after national registration: expected as early
as July 2006

— Product to be launched in July/August 2006



Conclusion

* The collaboration between Crucell/Berna Biotech and
Novartis Vaccines resulted in the successful development
of the new fully liquid pentavalent vaccine Quinvaxem™

* The product has entered the phase of commercial
production

Quinvaxem ™ s ready for you!



Gracias!
Thank you!
Vielen Dank!

Grazie!



