Ultrafiltration — 500 - 10 Kd
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Linear Scale up of TFF
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Cross-Flow or TFF System Schematic

Retentate
Diafiltrate Buffer Control Valve

>

Feed Tank

Cross-Flow

/

TFF

Feed Module
Pump

Permeate
(0]3

= Filtrate
Average Upstream Pressure — Average Downstream Pressure

6onbLie uem'

OBPA30BAHWE




Integrated Clarification train

Filtration based Harvest, Depth Filtration and Concentration.
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Industrial Centrifugation

Separation of a component based on size, density difference and gravitational

Drag

Density difference

‘ ‘ Gravitational force
’ ‘centrifugalforce)
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Virus Safety




Requirement to test and
evaluate the viral safety
of Biotechnology
products from animal or
human cell lines.

Potential sources of
contamination.

6oblue yem'

OBPA30BAHWE

Virus Safety

e |CH Guidelines — Q5A (US, EU and
Japan)

e Endogenous virus that occurs in the Cell line (passed
on between generations)

e e.g. CHO cells contain a non-infectious Retrovirus like
particle (RVLP)

e Adventitious virus introduced during production
e Use of a contaminated animal derived raw material

e Contamination during the handling of cells/ growth
medium during production



http://www.uct.ac.za/depts/mmi/stannard/adeno.html�

Virus Safety Strategy

Virus clearance
validation

Use of specific, robust,
virus inactivation
/clearance steps.

e Demonstrate the
ability of the process
to clear virus.

¢ |Include

Testing for =
adventitious virus in * Low pH Inactivation —
the unprocessed enveloped virus

harvest (every batch) o F|Itrat|qn— S|zg based
separation of virus

particles

chromatography steps

6onblue yem'

OBPA30BAHWE



http://www.uct.ac.za/depts/mmi/stannard/adeno.html�

e Use Small scale models to
demonstrate clearance of
a series of model viruses
across purification unit
operations

Spike
clearance
studies

e Enveloped vs non-
Model viruses enveloped

selected to be

representative
of a broad

range of virus
properties

e Physico-chemical
resistance

e Shape

e Genome (DNA vs RNA)

e Easy to cultivate

Virus removal presented as a Log Reduction Value

6onblue uem'

OBPA30BAHWE

Virus Clearance Validation

Pool virus titre

Known Virus conc

Scaledown
chromatography

|

logn reduction = logn

TOTAL VIRUS g sz
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http://wwwparent.qub.ac.uk/afs/vs/vsd2.gif�
http://www.uct.ac.za/depts/mmi/stannard/adeno.html�
http://www.virology.net/Big_Virology/EM/Adeno-FD.jpg�

Virus Clearance Validation

eVirus Clearance data is presented in the regulatory filing.

e Expressed as an overall log clearance for a given virus type.
—E.g. XMulv 217 logs clearance for recombinant proteins

e Only virus clearance from orthogonal purification or inactivation
steps can be included

eFor CHO cell line used in recombinant protein manufacture there
is a requirement to demonstrate > 6 logs of clearance of
Retrovirus (above the basal level expressed).

o
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http://www.uct.ac.za/depts/mmi/stannard/adeno.html�

How does it all go together....

An example of a Monoclonal Antibody (MADb) Process....




How do we put purification processes together?
MAb Manufacturing:

g-}é-ﬂ:}[ﬁl;

Harvest

(centrifugation and
depth filtration)

<::| Cell removal (Microfiltration/Centrifugation)

Cell Debris Removal

Product Capture
Major impurity reduction (+ Water)
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Cation Exchange Anion Exchange

Protein A Low pH viral
Chromatography iniGchvatich Chromatography ~ Chromatography
Inactivation
- of Enveloped Virus
Protein A

| Virus Clearance

Removal of Protein A,

' Reduction /removal of HCP & DNA

Removal of process Specific impurities

‘ Virus removal >20nm
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Filtration — UFDF

Bulk Drug Substance
Formulation

Product . Final Filling
Conditioning
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