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Overview

v > General Overview on Analytical Applications
In context with Viral Product Development

Focus on Viral Product Assays
— TCID50 Case Study

“v , Take Home Message
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Analytical Services in Support of Production
From a CMO Perspective

SAFC Carlsbad Inc
CMO for Virus Manufacturing
Multi Product Facility

From Development to Phase 3
& Commercial

Analytical Services & Quality Control
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Analytical Services & Quality Control
Support the Production Process

Method Transfer /

= Method Validation
Development

In Process Testing =>» Product Release

Raw Materials Testing =» Stability Studies

Demonstrate that Production Process Is in Control
Demonstrate that Analytical Methods Are in Control 4
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Analytical Applications
Cover Drug Product & Impurities

Category Product Parameter

Strength Particle Concentration
Potency Particle Activity

Purity Host Cell DNA & Proteint
ldentity Virus Genome & Protein
Safety Adventitious Agents!?

1-Outsourced Testing. 2—May require Neutralizing Antibodies

Requires Complex Testing Plan Involving Sponsor,
CMOs and CROs 5
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Analytical Applications During Product Development

Activity & Productivity Titer, Total Particle, Potency
Identity Genome or GOI Sequence & Protein
Safety Sterility, Mycoplasma, Viruses, RCX

Characterization (CMC) Genetic Stability, Size, Potency

Purity Host Cell DNA & Protein

Stability Titer, Total Particle, Potency

Most analytical applications required before initiation

of pre-clinical and clinical studies

© 2010 SAFC Business confidential
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Reqgulatory Impact

Guidelines to regulate product
requirements

Guidelines to regulate testing
— FDA
— ICH
— US, JP, EU Pharmacopeias

Method Validation

Regulatory Guidelines Provide the Framework for Testing
This Leads to Complex Testing Plans
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Sampling Plan
Testing & Production in Context with Development

In house testing vs 3" party testing | e e e
— Extensive Shipping i o
Valuable material vs complete testing & retains = 5 ESSE
— Can't use up all material for testing..... -
Production run size vs clinical needs - — e e T
— Reduce number of runs due to expensive testing = = =
Production run size vs process characterization = —
— Need multiple runs for reproducibility data e ——

Sampling Plan Helps Organize Testing and Manage Cost
Value of Production Runs in Context with Development 8
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Focus on Methods for Strength & Activity
Infectious Titer & Total Particles

Pros and Cons for Selection of Dosing Units
— Total Particles vs Infectious Units

Value of Specific Activity
— Determine ratio of Total Particles vs Infectious Units

Assess Reliability of Methods
— Higher Variability with Cell Based Assay Methods
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Methods for Infectious Titer & Total Particles

Titer Assays (cell based)
— TCID50
— Plaque
— CIU

Total Particles (physical)
- OD
— HPLC

Ratio Infectious Titer / Total Particle Titer
— Should be constant between lots
— May change during purification
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Comparison of Titer Assays

TCID50 assay Plague assay ClU is independent of

— 96 well plates — 6 well plates cytopathic effect

— 7-14 day incubation — 7-14 day incubation — 6 well plates

— Observe CPE — Observe plaques of — Detect infected cells with

_ Either positive or lysed cells virus specific antibodies
negative wells — Variable size and fluorescent readout

— A single well has — Plaques can overlap — 2-3 day incubation
dramatig effect on _ Need to stay within — Count fluorescent cells
overall titer number narrow plague number

range (10 — 100)
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TCID50 Titer Assay Case Study

Assay Transfer & Validation Virus dilution series
Titer Differences with client lab r
Troubleshooting

New cell bank

7 Replicates
A

Improved performance

\
Control

1. Seed Cells 2. Inoculate with virus
3. Incubate for 2 weeks 4. Look for CPE
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Assay Transfer
Side by side comparison with client lab scientist

Considerations:
— New cell bank
— Switch virus reference material
— Change lab location

Reference A Reference B
Assay Transfer Continued Assay Evaluation
1.0E+12 1.0E+12
1 1.40E+11 SRR 1
ELOEHL | il 1.0E+11 - 5.4E+10
8 S 3.9E+10 3.6E+10 3.2E+10
o}
a )
81.0E+10 . (O1.0E+10 -
|_
1.0E+09 1.0E+09 -~
SAFC Client Lab LAB A LAB A LAB B LAB B
" Staff Staff Qual Val Val Eval
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TCID50 Assay Validation
Summary

Intermediate Precision

Precision [Repeatability]
— 14% to 30% [8 assay runs]

1.0E+12

49% 38% 25%

Precision [Intermediate]
— 25% [10 assay runs]

1.0E+11

TCID50/mL

som ojorw o
n
o

Accuracy 5 R
— At 72% of historical data [10 assay runs] L0

+ Client Lab = Qualification a Validation ‘

Linearity & Range
_ W|th|n 25% Of aCtua| Concentratlon Within 25%of Actual Value [Range: 25%to 200%of Ref]

1.20E+11

RObUStneSS 1.00E+11 -
— Passage number, seeding time

6.00E+10

R®=0.9799

TCID50/mL

Specificity

2.00E+10

0.00E+00

0 50 100 150 200 250

® Percent of Initial Dilution
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Lab Comparison

Lab to lab titer difference more L OE+12
than 2-fold <! o ORefC MRefB
+ A
= S
- = & HE
€ 1.0E+11 - S 4
S LB N
Ts) o
-
81.0E+10 y
1.0E+09 -
Client Lab SAFC Lab
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Troubleshooting

cell Passagmg_ Cell Bank Comparison
— Culture density 1 0E+12
— FBS source
— Incubator =)
— Analyst 8 1.0E+11 7.6E+10
— Trypsin removal = 4.1E+10 :
— Trypsinization time E
— Culture schedule '; 1.0E+10 -
— Culture flask =
— Cell Bank >
1.0E+09 -

TCID50 Assay
— Ref. Std. Stability
— Analyst
— Plating Density

s
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Important Criteria for Cell Based Assays

Healthy cells
— Qualified QC cell bank
— Careful cell thaw
— Work in defined passage range

QC cell bank

— Prepare in virus free environment
— Monitor cell viability & recovery

Well described methods and detailed analyst training are paramount
to acceptable method performance
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Cell Based Titer Assays
Treat your cells well!

Cell thaw conditions
— Cells may be sensitive after the thaw

Cell passaging
— High or low cell densities may lead to cell sub selection
— Keep cells within a narrow cell density range
— Use low amounts of Trypsin or EDTA
— Wait with infection until cells have recovered from passaging (lag phase)
— Use cells when acclimated and stable
* Do not use early passages (non-reliable cell conditions)
* Do not use very late passages (cells could be aging)

* For example: passages 5 to 15 may be good
— Test for best passage range early on

]
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Cell Based Titer Assays
Treat your cells well!

Long incubation times
— Maintain humidity
* Loss of media
» Cracked agarose plugs
— Maintain sterility in incubators
* Frequent cleaning cycles
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Comparison of Particle Assays

OD assay

— Particles must be disassembled to release
viral genome

— Measure A260
— Can only be used with highly pure product

HPLC assay
— Separation on ion exchange column
— Requires reference standards
— Peaks may be asymmetric
— Up to 2 log assay range
— Can be used for in-process samples
— Limited sensitivity
* A minimum of 1E+9 to 1E+10 particles required

s
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Comparison of Assay Performance
TCID50 vs HPLC

Precision [Repeatability]
— 14% to 30% [8 assay runs] [HPLC: < 5%]

Precision [Intermediate]
— 25% [10 assay runs] [HPLC: < 10%]

Accuracy
— At 72% of historical data [10 assay runs]

Linearity & Range
— Within 25% of actual concentration

Robustness
— Passage number, seeding time

Specificity

]
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Impact of TCID50 Assay Differences

Specific Activity
— Total Particle Concentration consistent
— Infectious titer differences affect specific activity

Dosing Based on TCID50 Values
— Effect on clinical dose
— Effect on cost per dose

Effect on Manufacturing Yields
— Cost per Production Run
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Take Home Message

Analytical Development needs to be integrated early in product
development projects

— Early efforts pay off later
— Is neutralizing antiserum required for safety testing?

Testing requires well organized sampling plans
— Testing labs need to be coordinated

Infectious Titer and Total Particle Assays required to determine specific activity
— Infectious & Particle Titers as well as their ratio should be consistent between
production runs
Determine method for selection of clinical dose early.
— Use a precise and robust method, e.g. HPLC for total particle
— Choosing infectious titer method may require multiple testing to increase precision
— Robustness more important than sensitivity
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