Biotech

Integrated Solutions for Efficient
Process Scale-Up and Single-Use
Facility Start-Up

Matt Niloff

Director, Integrated Solutions
Pall Biotech

American Biomanufacturing Summit
San Francisco, June 18, 2019

This prese

esentation is the work product of Pall Corporation and
no portion of this presentation may be copied, published,

c o n t i n u o u s Iy I m p rOVi n g B i o p ro c es S es performed, o redistributed without the express written

authority of a Pall corporate officer. © 2018 Pall Corporation.



Agenda

> Aligning Therapy Development to Facility Start-Up Project Execution

» Process Technologies and Platforms for Rapid Implementation and Production Start-up
» Streamlining Single-Use Flow Path Design, Standardization, and Management

> HakoBio Facility Design Tool for Optimal Process Flow Operation

> Scale-up and Optimization Services for Rapid Process Industrialization

> Leveraging Partnerships for Process Improvement and Speed to Production

> Efficient Single-Point Project Management for Integrated Solutions

» Summary of Integrated Solutions Approach

2 Biotech



Biotech

Aligning Therapy Development to Facility Start-Up Project Execution
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Therapy Development ‘
Speed to mfg and new technologies shrink timelines for new facilities

- Early Stage - : . \\
Clinical Trials Late Stage Clinical Trials Commercialized Therapy

Research Commercialization

r : 1

Clinical Studies
* First in man studies « Efficacy studies * Physician education
 Safety studies * Reimbursement * Indication expansion

Expression Close Upstream
System Upstream Process
Determination Manufacturing Scale Up

» GOl variant determination
* Vector design and optimization

Therapy * Animal studies
Development

Process
Development

Downstream Downstream
Process Process
Design Scale Up

Titer Analytical Purity Analytical Pgt;cre]%),/ ’A?]ﬁ?,{'igé&
Development Development Development
” : Ongoing
Initial Commercial | Commercial
Batch ] Manufacturing
|

- Equipment Factory Installation
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Pall’'s Approach To Integrated Solutions Project Execution

Speed, project management, and process expertise are paramount for success...
Delivery

Knowledge Sharing
A

Integrated Solution Design
A

Execution
|

A

| ||

Plant &
Equipment
Layout

Mass
Balance

*Process
Characterization =
« System Sizing
and Equipment
list -

e Customer’s

custom layout

layout or develop [y

Single-use
Manifold
Design

Process Flow

* Demonstrate
interconnectivity
of unit operations

*Use Process
Flow Diagrams

use manifolds

to design single-

Automation
Concept

e Automation
philosophy:
e Islands of

automation
*DCS

\

[

Factory
Acceptance
Test

Equipment
Build

e Equipment
manufactured on =
Pall site

e Customer
present for
testing to ensure
equipment meets
specifications

\

[

Site
Acceptance
Test

* Customer/Pall
ensure
equipment
arrives for use in
facility

Training

*Ongoing support
as factory gets
up and running
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Process Technologies and Platforms for Rapid Implementation
and Production Start-up
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Pall Biotech Integrated Solutions
Selecting the right approach for your biotech journey...
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Pall Biotech Integrated Solutions
Serving the complete single-use value stream

Cell Line

Single Use Bioreactor

Seed Bioreactor

Bioreactor Sampling

v

i Bl-Axial Mixing
Sterile connector &
disconnectors
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Buffer Preparation

Preparation

;j/

Purification

Single use

Affinity Chrom Capturing

Low pH Virus

Cation Exchange

Inactivation n‘x ol i€ o J
< 2 o " — . -
i‘! = lon Exchange Mustang  Single use UF |

Membrane Adsorber  buffer exchange _ .

Sterile Filtration

To Single use
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Single use Vir Final Fillirig
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Pall Biotech Integrated Solutions

Standardized single-use systems facilitate platforms

s

Adhergnt seed .train: Adherent bioreactor:
Xpansion® multiplate ICELLis 500+ bioreactor
bioreactor

Suspension seed train and bioreactor:
Allegro™ XRS 25 bioreactor & Allegro STR
50, 200,1000, 2000 L bioreactors

Clarification:

Purification:

Stax™ depth filter systems Allegro single-use chromatography system

Media/Buffer Prep:

K Allegro mixers
9

Media/Buffer Storage/Handling:

Allegro plastic/stainless steel totes/

Concentration:
Allegro single-use tangential
flow filtration systems

Sterile filtration:
Allegro MVP single-use system

Biotech



Platforms Established from Mass Balance

Cell Culture

Suggestad Call Culture Strategy

= Map all inputs and outputs [ e e =
from each unit operation —— | (Celis 500 pm—
= Allows equipment sizing, — SRR S ==
specifications and R p— | —— : ==
equipment list generation v
[cell clarification / Depth filtration step
= Understanding of e R — i
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IS completely characterize

Virus Filtration - Pegasus

Pre-use Hush 30 Lit
“Yield from Cation Exchange

Toral Quantity of Mabs 234 g
“Wolume Farm Cation Exchange Sl Lt
Buffer chaze for product recover|

Butfer chase valume 25 Lit
Total Volume 62 Liters
Concentration 587 magdml

Fiecommended maz” Capacity *) 50 safety margin
Flus h Prefl W
Time to process

Total Mambrane Area Meeded
Each cartridge = | sqm 516 gL, 1000Lisqm, ¢ Iogs
Mumber of Cartridges 10

Recovery

Flush ¥olame

Total flush volume 451 Liters
Total Frotein 27333 g

Mizer
Product Collection

¥olume (Liters 501
€50 Liters

2090 Livors s

Mizer
Product Collection

1

571

Volume (Liters)

650 Liters

otes
Bufer pH? 14 20" Pegasus Frime Proteot [Autaclave] (DJL may be used)
1410 Prime Fegasus Yirus (Gamma)

Walume 5741 Liters Yolume (Liters 100 SUYF System

Tatal Final
Final Concentration 49 maiml 100 Liters Tore IT@41baraFF
System Flow Fiate Meeded: 328 LPH Back pressure needed to wet Time

0L flush needed Tiain E
Praject to Gamma Pegasus Pratect undsruay? P
]
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Pall Integrated Solution Platforms
2000L mADb Fed Batch Platform CHO 2,5g/L

Mass balance

Complete facility layout
Standard Equipment

Standard consumables
package for complete flow path
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Pall Integrated Solution Platforms
AAV Viral Vector Production Platform; 3e'® vg

[ Inoculation room ]

5. IEX Chromatographie Step }

<t

,’/\ //\X ; = —— = 4. Affinity Chromatography ]
1. Cell Culture | &, Iy & 59 M-."Y @ =| 3. TFF stepone ]

Mass balance
Complete facility layout
Standard Equipment

Standard consumables
package for complete flow path

2. Clarification of harvest
step
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Pall Integrated Solution Platforms
Viral Vector Production

Cell Culture options for adherent or challenging

P, o suspension processes
@“‘“fi@fz‘fa@} Xpansion & ICELLis 500 scalable bioreactors versus flatware or
7 T suspension STR for high k.a / low shear requirements
S, N
< s
W

Cell & Debris Removal
Depth Filtration vs Ammonium sulfate precipitation

Host cell DNA/protein removal
Multiple modes of chromatography vs
centrifugation

Allegro Mixer

Allegro XRS 25
Bioreactor

Host cell DNA/protein

removal

Tangential Flow Filtration vs
Dialyzation

Allegro STR'200 Stax Depth
Bioreactor Filter System

Allegro SU
Chromatography
System

Allegro
SUTFF System
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Streamlining Single-Use Flow Path Design, Standardization,
and Management
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Integrated Single-Use Manufacturing Platform Solutions
Process Flow Diagram drives standard consumable selections
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Integrated Single-Use Platform Solutions
Standard consumables designed for maximum flexibility

Inlet
Inlet . Filtered Product
N Multi-Use J\
Sanitary ACD _
1 . Outlet et Outlet  Aseptic connector inlets
Sanitary ports all Mixer n Filtered and sampling to maintain
round for Multi-Use : Product [ > low-bioburden/sterility
maximum $g”'tafy TC post filtration. Sanitary
flexibility and d 2 port outlet for flexibility to
interconnectivity 5%- Samolina downstream connection
< Connectivity to and from piing (non-sterile operations)

Sampling
\ standard storage /

biocontainers and
Transfer Sets, including
filters

Connectivity to platform
process steps such as

chromatography, TFF
and Virus reduction
operations

Optimized and flexible interconnectivity
Biotech
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Integrated Single-Use Platform Solutions
Standardized consumables for the full process

Benefits
_ _ BEHOO® & RO ®
~ 30% reduction in part codes W—L NEw _{r{%
" B 9 g_r'—"G\—_ ,!:;ﬂ:\ 2)
Save wharehouse space s 4 U. L T =ew
Maximize flexibility VW %@E
Increase batch size modular designs
@
EEEEN
T (13) :Fj
78 consumable part codes used in the 2,000L mAb process i *’%\/
] ; . -l
Conventional design Modular design %7* Oﬁ
i i DRO®, 3 o) @——I @ G
112 articles 78 articles S [ S — P 9
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Integrated Single-Use Platform Solutions

Allegro Component Management System for consumables quality control

ACMS : Quality By Design for Allegro Systems

= A single database which is a repository of all our
design information

= All information is fully controlled and traceable

= Guide our engineer to highest level of validation

and preferred component usage
= For all Allegro systems

— Supplier/ component fully approved

— Joints fully validated

— Suited to application - full review
= On line system

— Information always up-to-date

— No duplication

AR

(1
\‘_JI
I ¢l'LIl

2y x 8 (25

I Il
P 1

Manifold
module

Component
module

Enquiry
module

Joint test
module

Quality
module

Biotech



Integrated Single-Use Platform Solutions
Client-specific process flow and standard consumable selections

USP

Parameters: Parameters: Parameters: Parameters: Parametars:
Bed height: 2XXcm Diameter: VI XL tank Bed height: XXcm diavolume XXL dizvolume XXL
XX¥mm UF/DF: diavelume XXL Diameter: XXmm XX dizvolumes XX diavolumes
Vol. flowrate: XXXL/h ¥X digvolumes Vol flowrate: ??

Flow welocity: XXXcm/h Flow welocity: #?
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Integrated Single-Use Platform Solutions
Standard and flexible design works for all customers

Allegro film

= One Film (Storage,
Mixing, BioRX)

Preferred components

= 4 week delivery

= Component quality info
Presto sterile connectors

= Modular design

= Maximize filter usage

N

?,
':f)"“
edp-o
2 i
o
®
l:_‘-_} — 1Ly

20

Multi-use
Mixer design

P
(8)

Depth Filtration;
Chromatography; Virus
Inactivation; SUTFF; Bulk
Filling Skid...
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HakoBio Facility Design Tool for Optimal Process Flow Operation
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HakoBio Facility Design Program
A powerful tool for optimizing your process layout

S0 Sy s

3D virtual

. - tional
Create your project = < . opera : Mo
directly on your \/ > \éfr\:\égetlgglm S — |
facility layout desi P $ -
esign phase b v =
= i Reports
- o~ Skt 1 S + Surface area
. A —— - ‘ - S * Equipment
Select equipment, > — . List
review specifications, . R + (R S « Dimensions
and optimize location | ' | e § . -
within the suite . Qua.m'tles
rad e Manifolds

Selection of standard consumables
for disposable flow path
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HakoBio Facility Design Program
A powerful tool for optimizing your process layout

Biotech

Play
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Scale-up and Optimization Services for Rapid Process Industrialization

This presentation is the work product of Pall Corporation and
no portion of this presentation may be copied, published,

- o - s . .
Continuously Improving Bioprocesses e e e



Accelerator Process Development Services
Process Development and Scale-Up Challenges

.......
. *.

. »
. .
Seagest

Process industrialization Limited resources & Developing a platform Bottlenecks Implications and costs
Not everything that works expertise Repeated developments Platform versatility Re-creating a process
at small scale can deliver Not possible to be expert for similar therapeutics mmunication Expensiy ismen
what is needed at full scale in everything are not efficient groeakd%w(r:]at © pensive equipment

Delayed clinical trials
Technology transfer

25 Biotech



Accelerator Process Development Services

Co-Developing Your Journey

-----------

Industrialization

Develop integrated and
industrial scale platform

Simplicity and robustness

Incorporating simplicity
and robustness into the
manufacturing process

Increased Speed
Reduce time to market

Decreased Cost

Through simplicity and
footprint reduction

26

Technology transfer

Sucecessiully translating
the process back to you

.i.it‘.ii”‘

Decrease Risk

Leveraging our industry
expertise and platforms

Biotech



Accelerator Process Development Services
Project Phases

Tech Transfer and Process Development Scale-Up and
Proof of Concept Technology Transfer

Biotech



Accelerator Process Development Services
Industrializing Large Scale Viral Vector Production

Conventional Process Industrial Process

Flatware Bioreactor

Ammonium
sulfate Cell &
precipitation

Depth
debris filtration
removal

v

S T
D . . A o
@ Caesium chloride Host cell DNA/protein Multiple modes of o
o gradient removal, full/empty chromatography 7
3 ultra-centrifugation capsid separation -
3 =
o 3
w w
A o
o _ 2
£ Product concentration Tangential flow

@ Dialyzation and diafiltration into filtration

final formulation buffer

Sterile e ; Sterile
filtration/ Sterll_e flltr_atlon filtration/
fill Final fill fill v
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Leveraging Partnerships for Process Improvement and Speed to Production
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Modular Facilities for Predictable Dellvery and Start Up
G-CON Partnership P —

O Turnkey Cleanroom
Prefabricated PODs - manufactured offsite —

1Q/OQ is standard — FAT & SAT — multiple
interior finishes

Definite Price
($‘ Prefabrication = set price leading to

delayed and lowered CAPEX investment

Containment

&
1

—>; HVAC, fire suppression, PLCs are
1
4  standard.

= Delivery

E@ Definitive and set timelines

Biotech



Pall Viral Vector Platform with G-CON PODs
Advantages of Standard Offering

Integrated Solution |
Complete end-to-end viral : m

vector process that is well

integrated and reproducible n |

-----------

Flexibility j)}

Platform designed for multiple |_>
manufacturing scales. PODs
can be moved, reconfigured,

or repurposed

Speed

Ability to deploy full cGMP
facility with process
equipment within months.
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Pall Viral Vector Platform with G-CON PODs

Scale-Out Approach

PD Scale

Proof of Concept

Intended for small scale process
development work and proof of
concept using the iCELLIis nano

mediate PD Scale

Process Development

Ideal for conducting process
development work.

32

cGMP - Clinical

Clinical Manufacturing

Designed with Pall's end-to-
end viral vector platform ideal
for clinical manufacturing

cGMP — Commercial

Commercial Manufacturing

With multiple iCellis 500
bioreactors, ideal for
commercial manufacturing

Biotech



Cell Line Development and Scale-Up

Celltheon Smart™ Expression Platform Partnership
,:’i‘"\

1 CELLTHEON

\ EXPRESSION TECHNOLOGIES

Modified CHOK-1 cells for
expression of
recombinant protein
therapeutics —

Patent pending

Reduced lactate and ammonia
production for improved
product quality (i.e: low
aggregation, etc.)

suPRE™ Elements (Post
Transcriptional
Regulatory Elements)
Patented

Platform fed-
batch process for
reduced time and

high titers

CT Stabilizer™ (synthetic
MAR) Patent pending

CELLTHEON SMART™




Cell Line Development and Scale-Up
Celltheon Smart™ Expression Platform Partnership

Presclinical _ | Stable Pool Production:
material “| 3 weeks

production

.
Stable ’N
Pools

_
o weeksto stable pools (—’
Clone /X

Screening

16 weeksto RCB

c,upto

6 monthsto 200L

T CELLTHEON

\ EXPRESSION TECHNOLOGIES

60 generation stability
assessment: 6 weeks

Biotech
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Pre-Clinical Biosimilar Molecule Development
Aetos Biologics Partnership

(L) Clinical program - licensee
/ \ E I (\')S Risk reduction approach
B |O LOG l C S Large-scale Process

Development

Downstream Process

Development I ) E Biosimilar Platform
Upstream Process mm Biosimilar platform for High CQAs and

High Productivity
Development
Defined Scalability Business Outcome

Scale up = Pall Allegro STR 200 » High success clinical trials
Scale down models accelerate tech » reduction in manufacturing cost
transfer to Mfg

High Titer Clone
Development

Defined Platform

Pall technologies from harvest,
chromatography and, the entire

Al PD Software downstream process optimized

Artificial intelligence tools for titer
enhancement and biosimilarity
matching

Business Outcome

> Fewer large scale bioreactor
runs to validate commercial
scale = Reduced costs

Business Outcome

» Predictable downstream
processes = high quality

Business Outcome » High recovery > 75%

» Faster development with “dead
on” biosimilarity
Reduced risk in clinical
performance

Cell Line Technology

Patented Novel DNA/RNA elements and
engineered cell line = High Titer, High
Quality By Design

Business Outcome
» High titers / High Quality
» ~70% reduced manufacturing cost
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Biosimilars integrated solution through collaboration

Celltheon
SMART™
Expression

platform

—_
4

i:'CEI_LTHEDﬁ

EXMRESS|ON TEGHHOLOGIES

Aetos
Process and
Tech Transfer

AET®

BIOLOGICS

Pall
equipment
and
consumables

Biotech

Supply
Ready to use
cleanroom

POD’s

G- CON

MANUFACTURING

Cell line development
Innovative expression
technology increases

titer and cell line stability

Biosimilar license
High Quality and High
titer process that match
innovator at pilot scale

Process Equipment
with reduced foot print
and fast tech transfer of
scalable process

Ready to use POD
With continuous PD lab
equipment able to make

biosimilar @ 100g/day

36
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Efficient Single-Point Project Management for Integrated Solutions
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End-to-end Solutions Project Management

Design Engineer
Project Engineer

.g"‘ Process Engineer
fah

Project Manager
with Multifunctional
Project Team

A

]

L

e Engineering Design
Technical Review

Early Process &

SLS Technical Specialist
Process Development
Engineer
Regulatory Expert (SLS)

\ 4

Process

Workshops with
customer

\ 4

Initial System
Design & Cost
Budgeting

Overall Process Need

Mass Balance Calculations
System Sizing & Equipment List
Plant & Equipment Layout
Process Flow Diagrams

Document basis for
—® customer’s internal
review

A 4

2"% Phase review
and fine-tuning of
Project details

* Modifications/ suggestions in
P&IDs

e System Process Flow inspections

e Automation concept understanding,
in-depth discussions

* Interconnectivity of unit operations
Single use manifold design
* Automation Concept

e Third party meetings for
handshakes

1

Final System
Design and Firm
Price Submittal

Regular Project
Review & Update
Meetings

Current status of project

Milestones achieved

Alignment with site readiness
Coordination with 3" Party parallel
scheduling (if any)

» Submission of project milestone status

Contract Review
Meeting

A

Document basis for Contract finalization
Project Team / Structure
Project Reporting

| document
System FAT Delivery & SAT : .
{Factory > (Site Acgeptance | Ongoing Training and After Sales
Acceptance Test) Test) Support
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Summary of Integrated Solutions Approach
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Polishing Step 2 Polishing Step 1 MVP & Mixers

Euﬁ"‘ %Y = Component
. Y Process Platforms Experienced Design P&ID s Deiver
A : Project o 2
& . for Rapid - : d

. Implementation ngineering an %

Management Speciicaton kg s
°ngﬁ% . Design
Accelerator Development
Standardized PI‘OCESS Services
1 Development
= Process Services for ‘
FASTER BETTER
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Pall Biotech Integrated Solutions
Working hand in hand with innovator drug developers and manufacturers

brammer @) WxBdies  fRepNE AETOS

MKindredBio  'aveRis et {‘) Replimune’

Best Medicines for Our Best Friends — SER WE H

a1 Biotech
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Thank You

Continuously Improving Bioprocesses



