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LONZQ

Disclaimer

= “Certain matters discussed in this presentation may constitute forward-
looking statements. These statements are based on current expectations
and estimates of Lonza Group Ltd, although Lonza Group Ltd can give no
assurance that
these expectations and estimates will be achieved. The actual results
may differ materially in the future from the forward-looking statements
included in this presentation due to various factors. Furthermore, Lonza

Group Ltd has no obligation to update the statements contained in this
presentation.”
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Lonza is a Life Science-focused
Manufacturer
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LONZQ

What Lonza Does

= Tissue acquisition

= Media formulation

= Process development and optimization
= CGMP manufacturing of viral vectors

= Assay development and validation

= Cell banking

= cGMP manufacturing of both
autologous and allogeneic therapies

= Product testing and release
= Regulatory filing support
= Packaging

= Distribution
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LONZQ

Allogeneic versus
Autologous Manufacturing
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1.

2.

3.

A Framework for Cell Therapy
Product Development

Know your cells; Know your product
Know your cost of goods

Know your process

LONZQ
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Know Your Cells —
Cell Characterization

= Assays

Cell count and viability
Proliferation (MLR)
ELISA

Flow Cytometry
ELISPOT

Target Lysis (CTL)
CBA

Gene array/expression

LONZQ
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LONZA
Know Your Cells —

Cell Characterization
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LONZQ

Know Your Cells
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Developing assays to address identity, potency,
purity and safety: cell characterization in cell

therapy process development

A major challenge to commearclalizing cell-based theraples Is developi ng scalable manufacturing processes
wwhile maintalning the oritical quality parameters (identity, potency, purity, safety) of the final live cell
product. Process development activities such as extendead passaging and serum reductionseliml naton can
facllitate the streamlining of cell manufacturing process as long as the biological functions of the product.
remain Intact. Best practices In process developmentwill e dependent on cell characterization; athorough
understanding of the cell-based product. Unique bicloglcal properties assoclated with different types of
cell-based products are discussed. Cell characterization may be used as a tool for successful process
devel opment activitles, which can promote a candidate cell thera py preduct through dlinlcal development.
and ultimately to a commerclalized product.

K['\"IUOID Ay mll—huudthnﬂ!p’ mlld-mmrﬂmmﬂ wll tharapy  ocallular
ity T

horapy  sdant

Ever since scientists began culruring cells in the
labcratory they have been working oo wars @
characterize the cells they were mai

e afoa. Some ear characrerizarion method s wers
simph analyses of c=ll morphalogy and prowch
rates, but as biochem isiry and malecular biokey

courss of dinical development, however, reflect-
ing in parc the chall=ngss of incr=sing scals for
a liviog bislogic produce. The critical qualin
atrriburss (COMAs], identity, purity, potency and
safery. of cell-based drugs must be maircained
- ar= lined and

becams moare sophiscicated. and undesanding
af procein and gene expression advanced. pow-
cful anslytical mols became availabls for char

scaled up o scaled out 0. Manufacturing process
development must be basol on 2 fFuadacian of
dara. eo cnsure the continuic:

acterization of phenceype and geaccype of cell
culures. The increasingly quantitarive naturs
af cell characterizarion enables cell and malscu-
lar biclopy oo march the rigec of chemistny and
hiochemistry, and is critically important to the
development of living c=ll-based therapics — the
next generation of therapeutic drugs.

Creacing cherapeutic products camposed of

ofqulJ.lr". necessary for GMPe-compliane cell
therapy manufacturing 1.

Cell characterizmtion tocls and technala-
pies ars citical to the successful development
and scaling of therapeutic cell manufacturing

s (4003 The cell characterizmtion aals
available today for discowery research ars now
nesded 6o suppoct the product development and.
aswell Establishing

living cells presents many iall
in todays highly regulated heakhcare eovimn-
mentand considering thar the rgulamey frame-
work was designed for chemical m

which cell characteristics ane che OQAs ot celle
based drugs thar must be maintained during

in the last cencucy 1. Applving cucrens GMPs
to the manufacruce of living bislogical drugs is
hard by sraightfarwand. c=ucuu..m=dpm.-,
sres ane inherently moes compler and less well
cantrolled than small malscule synthesis, and the
praducts themsslves, due oo their living biokeic
nature, cannat be fullr defined. These difficu kies
have phven riss to a philasaphy that *the praduct
is the procsss” in which manufacturers ‘ensurcs
praduct consistency. quality and puriy by ensur-
ing that the manufacturing process remains sub-
stantially the sams over tine’ (o). Cell therapy
‘manufacturing proceses inevitably change in the

WOLZFTHRME 11,1058 2012 Fuluns Madcina Lo

ma process and scales
up is importane so that the cherapentic sfficaoy
scen in proclinical studics and carke clinical
development is maintained in later-srage trials
and upon madet introductian. . A variso of
analytical tools and methods ars available o help
guide czll cherapy product developers. ﬂw
to puide theic i
been limited. This revisw outlinss product qual—
ity parametsrs in the comtext afcell ther pies, and
prowides examples of how these tools may be used
as part of effective process development and in
product rekase. Readers ars encouraged o con-
sult the new glossary of terms used in repenerarive

Bogan. Moed (201F) F{1) B3 -100

Future™
Medicine e

B 17460081

9
11/12/12



LONZQ

Know Your Product

= Target Product Profile (TPP)

= Your cells of identity A, B, C and potency measures X, Y, Z
At a specified viable cell number per dose?
At what volume?
Suspended in what solution?
At what purity?
Stored in what container?

At what temperature?
For how long?

Administered to the patient by who, and with what?

= What is your target indication, and how many product doses are required per year?
By clinical phase and once on market
Yearly production needs

Insert a picture by clicking on the symbol
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LONZQ

Know Your Cost of Goods (CoGs)
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LONZQ

Know Your Costs: Process Modeling

Tool for process streamlining, capacity modeling and
understanding CoGs impact

'Autologous T-Cell Manufacturing Process |
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Lonza
Know Your Costs —30 Day Process

from Isolation to Scaled Up Wave

Isolation Expansion and harvest
Raw Materials; 11% LabIQCIQA, 20%
Lab/QC/QA; 16% FaC“lty, 14%
Labor;
Raw Mater
Facility; 24% Labor: 24%

~30% ~70%
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Know Your Costs: Opportunity to LOohZd
Streamline Raw Materials in Late
Expansion Phase of Process

Materials Breakdown

) Human AB serum; 15%
Expansion and Harvest

Media supp 1; 1%

Lab/QC/QA; 20% Media Supp 2; 4%
processing bag; 3%
V; 14%
TFF filter; 10%
Raw Materials; 42%
or; 24% sposables; 3%

Wawe bag; 4%

Diafiltration b; 1%

Base media; 4%




Know Your Costs: Reducing One Cost Lonza
Driver Highlights Additional Targets for
Process Improvements

Media supp 1; 1%
Media Supp 2; 4%
Processing bag; 3%

DSP Consumables; 10%

Disposables; 3%

Wawe bag; 4%
Diafiltration b; 1%
Base media; 4%

Human AB serum; 15%

rGF1; 5

Media Supp 2; 7%
Processing bag; 5%

DSP Consumables; 19%

Disposables; 5%

Media supp 1; 2%

Human AB serum; :

rGF1; 16%

Base med

Wave bag; 8% Diafiltration b; 2%

1X

rGF

Media Supp 2; 5%
Processing bag; 4%

DSP Consumables; 14%

Disposables; 4%
Wawe bag; 6%

Diafiltration b; 1%

Base media; 5%

0.15X rGF

rGF1; 39%

0.5X rGF
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LONZQ

Know Your Process

Insert a

= Explore process changes that target high cost areagPicture by
clicking on the

symbol

= Minimize raw material risks
Animal origin reagents
Supply risks — secondary suppliers, peak serum
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LoONZa
Media Selection can Produce T-cells with

Reduced Cost and Regulatory Risk
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= Serum free media can reduce cost with improved or comparable
performance, better regulatory profile, and supply de-risk.
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LoNnZza
Serum Reduction Maintains Critical

Quality T-cell Phenotype
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LONZQ

Know Your Process

= Explore process changes that target high cost areas | g¢rt 4

picture by

clicking on the
= Minimize raw material risks symbol

Animal origin reagents
Supply risks — secondary suppliers, peak serum

= Implement closed systems and automated technologies

19
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Lonza
Know Your Process — Large Scale T-cell

Expansion — Closed Systems

\

.4

2L GE WAVE Perfusion Cellbag 2L GE WAVE Cellbag 1L AFC VuelLife™ Cell Culture Bag

= Closed System culture reduces
= Cost (through labor)
= Risk (of contamination)
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Lonza
Large Scale T-cell Expansion. Closed System

with Perfusion Reduces Labor, Increases Media
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Closed System Easily Allows Monitoring

Metabolites

LONZQ

This is critical to optimizing feed schedules, perfusion rates, and
nutrient levels
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Know Your Process

Explore process changes that target high cost areas

Minimize raw material risks
Animal origin reagents
Supply risks — secondary suppliers, peak serum

Implement closed systems and automated technologies

Don’t underestimate downstream process development

LONZQ

Insert a
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Downstream Processing Lonza
Single-use Tangential Flow Filtration
(TFF)

. ) X Lonza
TFF run: TMP <3psi; no filter clogging

;
i

2B3888

8 |

P |
I 1
H [
I8 il
ie \
t A |

24
11/12/12




Shear Rate is a Critical Parameter that
Significantly Affects Cell Viability

Insert a diagfahedl BRERING. dnethd/@atliyDrop

25+
Viabigy Drop (%)
15-
10 -

5,

0 T \ T T \
2500 3000 3500 4000 4500 5000 5500

Shear Rate (sec-1)

LONZQ

25
11/12/12



Viable Cell Density during T-cell TFF
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Lonza
Viable Cell Density during T-cell TFF

Process

No drop in cell viability Phenotype is maintained

Cell recovery and Viability pre-TFF pOStTFF
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Lonza
Large Scale T-cell with Functional Data

at 120 Hours

Viability, %

1000 Cells are stored at 1x10 8/ml

o — ] in Hypothermosol or Plasmalyte with HSA
| o T I at 4C. Vials are sampled at intevals

e i and counted for cell number and viability
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Know Your Process

LONZQ

Explore process changes that target high cost areas gt 5

Reducing Growth Factors levels

Minimize raw material risks
XVIVO-20/15

Implement Closed technologies

Wave Cellbags
TFF

Biospreservation
Hypothermosol
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Lonza
Designing High Impact Cell Therapy

Process Development Programs

= Know your cells; Know your product
= Know your cost of goods

= Know your process

Insert a picture by clicking on the symbol
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LONZQ

Thank You!
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