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Agenda \

1| Overview of single use technology

2| Applications of single use in vaccine manufacturing

3| Considerations of single use systems implementation

4| Validation considerations

5/ Summary
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Increasing Use of Single-use systems

Reasons for increasing Disposables
(% Indicating Attribute is "Very Important” or "Important”)

Eliminate cleaning requirements
Reduce capital investment in facility & equipment
Reduce time to get facility up and running

Faster campaign turnaround time

Decrease nsk of product cross-contamination

Source: 8th Annual Report and Survey of Biopharmaceutical Manufacturing Capacity and Production , April 2011




Single-use Components \

» Container / bag film
» Product contact components
= Connectors
= Filters
= Aseptic / sterile connectors and disconnectors

= Tubing
» Non-fluid path components
= Tubing clamps y -
y y




Single-use Assemblies

» Self contained & pre-assembled plastic fluid path
» Usually provided gamma irradiated & ready to use

» Uses a combination of standard components:

» bags, tubing, connectors, filters, mixers, transfer containers, filling system, sampling bag for
QC testing

» Single-use assemblies can be customized to meet defined
application

*Mobius Standard
Component Library

A @ All available

,. I Components

Configurable
Assembly
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Single-use Systems
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These products require components that need to be assembled



Applications of single use In
vaccine manufacturing




—

MERCK MILLIPORE

Single use technology-
Where in Vaccine Process

Media

Preparation

Fermentation/
Cell Culture

Concentration
Diafiliration

/

Cell Harvest/
Clarification

Chremategraphy
Buffer Preparation

Cell Lysis

© -
I| -
DMA Remava Clarification Bicburden
[pest-TFF or cenfrifuge]  Reduction

Formulation/
Compounding

Sterile Finish Fill
Filtration
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Final Formulation Filling Challenges

Limited Flexibility High capital equipment
= Varied product/gaiislio -2
= Fixed capacityg
= Unable to responce

€ and spare parts costs

Long Change-out Ti
* Equipment setstipfiftes SERSIE
= CIP/SIP = - Jow = EgBofintensive

Increasing Regulat
» Product cross
= Environmental}
= Operator safetjis
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Vaccine Formulation & Filling
Highest level of product integrity and personnel protection

w
. |
contained  Class 10,000 = Class 1,000
venting -
] Decontamination
.
. -
= contained
= venting
|
. AP>0
|
|
|
[ 4 Capping
|
[ Crimping
. L : v ] I w 100% outer washing
Air monitoring “Eie HOOITOTYTTOn
[ ﬂ Inspection
|
|
Formulation - Filling Lyophilization
|
: 100% waste decontamination

Total wipe down




Single-use Finish & Fill for vaccines
Example: HIN1 Pandemic Influenza Vaccine

Capping
Crimping
100% vial washing

inspection

100% waste decontamination

Total wipe down
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Formulation and bulk preparation
Example: Trivalent Oral Polio Vaccine

Mixing, transfer and storage



http://millitwister/avimageresource.nsf/7d04883072eb18fa8525690c0049fe9b/707628874abd6f6e85257648005d8d3f?OpenDocument&Highlight=0,drum�
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Aseptic mixing and formulation using

disposable mixer
Example: Mixing of Alum for use as adjuvant

100

95 ~

90

85

Turbidity (NTU)

80 -

75 A

> 48hrs settling

70 \ \

200 rpm

30 40 50 60
Time (min) 400 rpm

70

A Bottom, Run 4 -e Top, Run 4
—*-Bottom, Run 6 -e-Top, Run 6

—-Bottom, Run 5 % Top, Run 5
—+ Bottom, Run2 —Top, Run 2
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Sterile Filtration using single use assembly \

Example: Pneumococcal conjugate vaccine

» Sterilizing filters for air filtration during integrity testing

» Flush bags and bags on vent/drain (operator safety)

» Gamma-irradiated single-use assembly (efficiency)

» Optimized hardware (ease of use)



Sterile Transfer across a sterile barrier
Knowhow is essential and key to success

Container/Bag
approach

Lock by rotation
(80%)

Open the double
door
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Case study: Single-Use Benefits \

Traditional SU Solution

Clean and set-up 14 Hrs <1 Hr

Cleaning validation Extensive Zero

Filling time 24 hrs 10 hrs

Average vials/hr 3,000 10,000

Aseptic connections 50

Operator Training 2 days

Equipment utilization 82%

CAMPAIGN FILL TIME 36 Hrs

16



Considerations for single use
Implementation in vaccine process
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Potential challenges with adoption of single use

Factors that may restrict use of disposables
in biopharmaceutical manufacturing
Percent indicating "STRONGLY AGREE" or "Agree”

0% 10% 20% 30% 40% 50% 60% 70% 80%

Leachables and extractables are a concemn

Breakage of bags and loss of production material is a concemn

High cost of disposables (consumables)

We do not want to become vendor-dependent
(single-source issues)

We have already invested in equipment for current system

18

Source: 8th Annual Report and Survey of Biopharmaceutical Manufacturing Capacity and Production , April 2011



Design Considerations
Typical Final Filling Assembly: Bad Design

Poor flow
] M _'
B

e L@ | i

No integrity

[ ———
- 3 ﬂ_@ test lines

19
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Design Considerations
Typical Final Filling Assembly: Good Design

Closed venting
in 2L bag

= ERD

_,__;:-_'?‘3‘9. dina-bae

Test pre-use &
line Drainage

2=

Closed filter ' -2 . — = _
Integrity test : =
system

cure Inline sterilizing &
Srile filtration -~
nnectlon ImprOVGS yleld s Il

Loop for peristaltic
20 pump




Validation Considerations




Regulatory Agencies Expectations

"Where there is relevant risk, the vaccine sponsor may have to
determine toxicity based on maximum dosage of potential
leachables based on extractables data.”

“If there is no relevant risk associated with the (material in
guestion), vendor data can be cross referenced and a detailed
justification for the applicability of these data and a justification
for no additional testing should be submitted."

Source: Destry M. Sillivan - Senior Regulatory Review Officer, CBER
IBC's 7th International Single Use Applications for Biopharmaceutical Manufacturing Conference, la Jolla, CA, June 14, 2010
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Single Use Validation Considerations

Risk assessment and qualification K~Tamee®E "8 . pioor.

Risk-based Assessment
of Extractables & Leachables
in Single-use Systems

Chemical compatibility

Extractable and leachable

Impact on vaccine safety and efficacy

Bioburden and endotoxin

Stability studies




Risk level vs Process Steps

Safety Risk

Final Bulk
Formulation
Finish Fill

Immediate Packaging Materials

EC Guideline on Plastics
FDA Container Closure

Upstream

Risk Level — 2

Regulatory Risk
Testing Efforts

Additional testing

ICH Q7 for APIs
case-by-case

PDA TR26
Chapter 4.5.1. for filters

|

Risk Level — 1
Extractable leachable evaluation

based on extractables data

Increasing Risk

MERCK MILLIPORE




Vaccine Finish & Fill — A high risk operation

1) Working cell bank thaw and inoculum cell culture

2) Bioreactor cell culture and harvest

3) Purification

4) Bulk formulation and sterile filtration

5) Post sterile
filtration, filling,
lyophilization,
packaging,

patient information,

Distance from
product stream

E delivery to patient
Distance along 3
product stream |

4

Area of

greatest risk System complexity

Source: James Oliver, 3D risk assesment model, JVT, Autumn 2008, page 70-76.
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Guideline for Risk Assessment
Generally applicable for vaccine processes

Initiate Risk Assessment

||

. - No
l Yes | Does material have product contact? >
. . / N
List all rls_k types, e.g., * Process Steps Physico-
- Adsorption « Proximity to Regulatory chemical
- Extractable/Leachable q final product Compliance criteria
- Particles » Development step

\ Sterility ) 1
/ Relevant Risk ? \

Upstream Downstream Final bulk/ Finish Fill
(generally low) (case-by-case) (high)




Initiate

Evaluation

Yes Product
4 contact?
Risk Assessment: materials
compatibility; component proximity to
final product; composition of product;
contact surface area, temperature, time;

No

No

+ No action

Include vendor
. data and make

" justification for
no testing.

Determine toxicity risk based on

pretreatment steps
I » Relevant
risk?
Yes |
v
Available Yes
extractable
data?

No

Extractables

testing
Yes
Leachables testing —» %:tgflile)'lﬁs
Yes

|

~ maximum dosage of potential
* leachables from extractables data.

Submit
niifﬂi{h extractables
maximum No data with
leachables %?_gulatory
dosage? ings.
Submit
N leachables
o » data with
regulatory
filings.
Identify and Submit
guantitate leachables data

leachables and
assess toxicity.

with regulatory
filings.

MERCK MILLIPORE
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Validation considerations

Incorporate QbD by selecting well qualified & safe materials (vendor selection)

>

V V V V V

Risk assessment and qualification

Components connections

Integrity Qualification data
Sterilisation Production controls

Packaging

Shelf life

Sterility Y Certificate / Validation /  Supplier

~of Quality  Guide _ Audit

» Chemical compatibility Defined Product

> Extractable and leachable
» Impact on vaccine safety and efficacy

Drug

82 PHOCESS
manufacturer

CONAILIGRS

» Bioburden and endotoxin
> Stability studies

Performance
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Example: Final Formulation & Fill Finish AssemM

FLOW
—

19909005 429998399092,
r . _ﬁji”; ﬁ\ﬂ _E&TJ_L ﬁﬁﬁj
! 1

100L MIX
Bag

Batch size: 100 L
Max. contact: 24 hours (worst case)
Process temperature: RT
Product: Influenza vaccine
Dosage: 0.5 mL/vial

J




___________________________________________

Component TOC (mg C) & Bags Film
_ : Vendor data
100L Mixer Bag 154 S ———
2L Bag 1.0 l Connectors: Component ‘
i Vendor data !
ConneCtorS 036 ‘\::::Z:::::Z:::::Z:::::Z:::::Z:::::Z::::::”
Tubing 26.7 l Tubing: Component
Tubing Manifold 47.1 i V endordata _____________ )
Filter Capsule with 30.1 (T s
Sterilizing Grade Membrane ' Filter: Val. Guide
TOTAL 120.7
Concentration of total extractables
B 3.01
(mg/L = pg/ml)
P V1 rctable {Assess Risk /1, | Leachables I , |Assess Risk/]
A Ri k/ Ext tabl SSessS RIS eacnables SSessS RIS
| Siicany | W | Ealvation : B e W joradiiona [Ep | Eetent |
I I I |

L K N &N N § J4 R N § N B _§ N 4
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Points to Note on the Analysis / Approach \

Did not require

* An in-house or consultant toxicologist

* The single-use system to be made and supplied
» The single-use system to be tested

» Specific analytical testing

« Parallels with container closure approach

» Anything other than a review of publically available documentation on
extractables and leachables

HOWEVER it did rely on

« A qualified, informed and experienced vendor

An agreed final draft design

An assigned person in the organization to be responsible
A realistic timeline

A multidisciplinary group in the organization
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Risk Assessment Approach to identify Critical
and Specific Service Needs

-1
=% qmmmm \/ENDOR

SN X
» Process and Manufacturing » Material/Component Knowledge
» Product and Patient Knowledge > Assembly Qualification and Design
» Internal Procedure and Controls » Manufacturing and Controls
» Risk Tolerence » Assembly handling best practices
» Past Experience » Experience across many customer
processes

Packaging Testing Shelf Life Sterilization Validation

32




Summary

» Single use adaptation in vaccine manufacturing is growing exponentially

» Single use can be easily tailored and customized to a specific application
need

» Good design practice is critical for success of single use implementation

» Appropriate use vendor/public domain information regarding validation is
essential

» Risk assessment focused on application/ need is the base of single use
Implementation in vaccine manufacturing

» Implementation of single use technologies is a multi-stage collaborative
process between vendor and end-user




Thank You
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