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Technical Report No. 66

Application of Single-Use Systems

in Pharmaceutical Manufacturing
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Egypt Divided / Pot's Big Moment / Best of 2012 5530

TIME

Want to Know
My Future’?

New genetic tests can point to risks—
but not always a cure

BY BONMMNIE ROCHMAN
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First F2F Contract Project execution
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Strategies for supplying market demand FUJIFILM

Scale-Up

Multiple 20,000-L
bioreactors

Efficiency of scale

Ideal for high-volume
products

Scale-Out

Multiple 2,000 L bioreactors

Options for multiplexing (2 x
2000L)

Flexible strategy mitigates
risks due to uncertainties in
commercial demand

Ideal for lower volume
products

Leverages FDB’s ‘mAb
platform’ technology

Di-synth

bistachnologies

Continuous

Single or multiple 500-L
bioreactors or larger

Improved production
efficiencies

Flexibility and potential to
deliver high-volume

www.fujifilmdiosynth.com



m U.S. Food and Drug Administration www,Fda.goy.

Protecting and Promoting Public Health

FUJIILM

Di=synth

bictechnologies

Advantages of Continuous Manufacturing (CM)

+ |Integrated processing with fewer steps . .
— No manual handling, increased safety FDA Perspectwe on Continuous

— Shorter processing times Manufactu ring
— Increased efficiency

« Smaller equipment and facilities

— More flexible operation IFPAC Annual Mesting

— Reduced inventory | | Baltimore, January , 2012

— Lower capital costs, less work-in-progress materials

— Smaller ecological footprint Shamista Chatteriee, Ph.D.
« On-line monitoring and control for increased product quality Ny

assurance in real-time

— Amenable to Real Time Release Testing approaches
— Consistent quality

Potential for reduced cost .

http://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDER/UCM341197 .pdf www.fujifilmdiosynth.com



Quality Advantages FUJIFILM

e b
* Shorter contact time 18138 wone” T-J"}EMAHKE
 Time at 37°C in complex media — 14 days vs 3 days SRl T gy 05T
. . . . Yy SEb -‘EEEU _'iEIh'aJ-
* Protein/resin interaction — hours vs minutes £ BUSINESS = 5 s W\ \ve ZPR

Shorter processing time
JFACTURING DEVEL

{lQUALITY) .
)i

* Less/shorter intermediate hold times 0 LU WO X
/ N G222l Gl
* Real time process control -j.E,:ff:;,iZE G5z RS iNAN
ElienT WA T O LASS 2 2 o
* Fast response time to process drifting and deviations ADE 12 'fE;ﬁADN%ﬁf*JT’D}GE.] 1}
35 -_Er s lﬁk EEHIGHZ 5002 £ 3 o THING 1

* Generation of large amount of data
* Option for increased process understanding Increased Process Control

Option for real time release
* Build in quality vs testing in quality

* Increased reproducibility and control
* Aim for a state of “in control” rather “steady-state” conditions

www.fujifilmdiosynth.com
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Product Lifecycle
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Maturity
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Iwtroduction

This when you need to build the facility, knowing
that the product has a 90% chance of falling

www.fujifilmdiosynth.com



What is currently holding back implementation of CBP?

* Precedence - someone else needs get it through the FDA/EMA first

Robust PAT tools, defined regulatory path, robust single use technology

Comfort level and lack of PAT and control tools

Lack of experience anad co

FUJIHILM
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CBP doesn't easily fit into existing infrastructure / facilities / Quality systems
Economic justification and adaptation of current Quality/Regulatory programs

Unit operations not fully developed for continuous processing; not a standard platform

ncern

of authorities point of Vi

Key conclusions from Survey performed by BioPlan Associates in 2015

W

www.fujifilmdiosynth.com



MaruX™ - end-to-end automated and integrated Fuuﬂiﬂ

upstream and downstream processing .

High cell density
perfusion culture

Apollo'&

ADVANCED MAMMALIAN EXPRESSION

Automation our 30 years of experience from operating

FU.."F"_M Culture MaruX™ strategy and process based on
£ media cGMP facilities

3i:8 IvineScientific

In-house Innovations &
Collaboration

(FUJIFILM Irvine Scientific) Standard

symPHON Y
mAb

purification

www.fujifilmdiosynth.com



Multi-functional

Disposable Flowpath

Buffer Management

Automation Software

SymphonX™: in-house DSP technology platform

J

FUJIILM
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All standard purification steps
Simplifies and de-risks operations

Irradiated, functionally closed
USP Class VI compliant flow path
Chemical compatibility &
mechanical robustness

In-line point-of-use dilution,
conditioning or blending
Isocratic and gradient mixing

CFR21 Part 11 and GAMP5
compliant

Data Integrity
Networked/integrated

www.fujifilmdiosynth.com



Same flow path different unit operations F”"f!ﬂt’.!
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Mixing
Chamber
*Chromatography Titration/Viral Inactivation A

symphan

Pressure/
Sensor blocks

To Unit Op or
o - bypass

D e i
. o B ,l"'_“:l_
. i r
: s &y
A I [ 1‘" | J’
4 i A
N =le ¥ . 3

*  Conductivity :,-h-

1‘/ Sensorsﬁg‘?&g
2 4 f"\
A~ pump J*‘-’r -
¥ Outlets
. >
L \!4_‘.--‘-.__!; ,TI_'-*._::.-
/ e 7} bf‘.‘ ﬂ\ I%
L |
r_ ; Inlets
k. *-Hk}.
ﬂf'

www.fujifilmdiosynth.com



Delivery of Advanced Buffer Management FUJIFILM

) Di=synth

* 4-way SMART valve block upstream of a single pump with /l
proprietary static mixing chamber downstream of pump
* SMART Valves either open or closed W e
: i T Ny
Only one valve open at a time L_f i
* Buffer dilution or blending of stock solutions to generate |, @
isocratic buffers or buffer gradients R\ »»;%
- Mixing chamber converts the time separated aliquots of each buffer = '

into a homogeneous buffer for supply into the unit operation

‘ I 'Oru >< www.fujifilmdiosynth.com
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Buffer Management

* Point-of-use in-line dilution
using SymphonX™
* Buffer Strategy

* 5x buffer concentrates for buffers
on all 7 unit operations

* 4x buffer stock for high salt and
formulation buffer

* 1x buffers used for CIEX gradient
* All pre-made and 0.2 um filtered

* 1,600 L 5x buffer conc / week
800 L 4x buffer conc / week
° ("'13’500 L 1x buffer / Week) > 50% Buffer footprint reduction

‘ I 'Oru >< www.fujifilmdiosynth.com
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Continuous Monoclonal
Antibody Manufacturing:
IgG1 (lambda) case study

www.fujifilmdiosynth.com



MQrYU )¢ Continuous mAb production facility FUJiILY
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* 400 m? non-GMP suite (Billingham, UK)

* Functionally closed end-to-end ki
disposable flow path '

..........

* Semi-continuous operation | V | ‘

e Upstream: 500 L Perfusion bioreactor and
ATF cell retention device using ApolloX™
perfusion cell line and FUJIFILM Irvine
Scientific media

* Downstream: intensified batch processing
with SymphonX™

* Intermediate break bags on load cells

* Viral clearance and analytics are aligned
with current fed-batch processes

Integrated USP and DSP generates >15kg purified mAb in 30 days

www.fujifilmdiosynth.com



MAQruv )( Process Flow Scheme FUJFI;IYI
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. Perfusion ready FUJIFILM
Apollo & :
cacmiice - CHO cell line B e Scientific Feed Automated
= ™ cllbleed
e
.l, Subcultures 2 z

5 B B Y] High cell density
wam—" | SEES inoculation
WAVE25™
(perfusion) 2 ™

500 L Perfusion
3 ", 5y y < :Bioreactor 53 £

Purified

Anﬁbodyﬁéli

SyMPHON Y

www.fujifilmdiosynth.com
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USP

"~ DSP (5)
= * Viral Filtration
4 m? Planova BioEx

1 cycle

500 L Bioreactor
14 day production run
120x 10° cells/mL
2x 10 m?2 ATF devices
1.8 g/L/day mAb

CIEX column
3.1 L CV Poros XS
1. 27 cycles
2. 41 cycles

.I I ....- _‘#
al Eluate pooled
(upto 6 days '_'_",
perlot).
_..-ﬂ, L
. ) -..l, ; ..:
£ '\l ". :i

" Protein A column
3.1 L CV Praesto
1. 22 cycles
2. 27 cycles

USP-DSP

Load conditioning
30 kDa hollow fibres
2x 3 days

DSP (2)
1 Viral Inactivation
=== 2 tank low pH hold
1. 10 cycles
2. 14 cycles

AIEX membrane
1.2 L Sartobind Q
1 cycle

UFDF
5m230kpa 320 K8

cassettes mAb/lot
3 cycles

l ' .Qru >< www.fujifilmdiosynth.com



MQU ) Upstream Performance FUJIFILM

bt d b
) 120 AN =3 Fe T [ '
* 24 day run £ o0 j . T 60
* 1.2 vvd (600 L perfusate) £ ol £ w0
s M 4 S I
* Very high cell density s 27 | EZ | 1 |
° 120X106 Cells/ml_ ilo% 0 &5 10 15 20 25 0 5 10 15 20 25
¢ V|ab|||ty >90 % ' Day ) Day
* Productivity S . e
* 1.8 g/L/day +10% g s [ [Pk e
* 15.4 pg mAb/cell £10% Foa
* mAb supply to downstream g 05| ;,i”
* 0.96 kg mAb/day £ o=

0 5 10 15 20 25

Day

www.fujifilmdiosynth.com
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° a Gatch DER ifooumer) (=] Comillmocus DEF [pdupome ) T Barch D58 HG0E 3 Continugns DS {G0F
A0 - - -t Batch D5# {Manb) -—— Conflnucus DEF {Mans|

900 & Sl B A il

* Comparable quality between i

fas]
1

man

0

batch and continuous purification
process

* Consistent quality attributes
across purification process w0 | Bt o

on [ — i e s Q

5.0
50.0
50,0
0.0
40,0
0.0

Average Purity [

Hin
30

N-Gylcon Species [%]

&

* Residual Clearance |
* Expected clearance of residuals Rl e e G s o -

- —&—— Batch USP [Bacic) —=&—— continweus DEP [Basic)

through process __ oo

* 3.25 kg BDS from 6 day production @ £
* 56 % Process Yield (without £ o | = ——

process optimisation) T e

www.fujifilmdiosynth.com



Theoretical Example FUJIFILM

Di=synth

Yield variation impact on column loading e

* Column loading impact on:
* Residence time e ST "\1
N

* Pool volume n _
\

* Processing time

* Resolution ?
* Total yield ? ~ -~
* Impact on CQAs ?? SR =

* Typical solution — run a number of cycles on each column
* How many cycles (sub- batches)
* Longer hold time before loading and after pooling —impact on CQAs ?
* Criteria for pooling sub-batches

www.fujifilmdiosynth.com



Theoretical Example FUJIFILM

Yield variation impact on column loading Dissynth
Process step Yield Range Amount of Product Column loading range
(Gram) (g/L resin)

500L Cell Culture yield 2.7-3.3g/L 1.350-1.650

Harvest 80-90% 1.080 —1.485

Prot A 75-85% 810-1.262 16.2 - 25.2 (50 L)
CIEX 85-95% 689 -1.119 6.89-11.2 (100L)
AIEX 80-90 % 551-1.079 5.51-10.8 (100L)

Theoretical typical standard MAB process. One cycle per column

www.fujifilmdiosynth.com



Theoretical Example FUJIFILM

Yield variation impact on column loading Dissynth
Process step Yield Range Amount of Product | Number of runson a 2 Column loading range
(Gram) L column (g/L resin)

500L Cell Culture 2.7-3.3g/L 1.350-1.650

yield

Harvest 80-90 % 1.080—-1.485

Prot A 75-85% 810-1.262 20-32 20

CIEX 85-95% 689 —-1.119 35-60 10

AIEX 80—-90 % 551-1.079 34 - 68 8

Theoretical MAB process. Running the column steps in a continuous mode

www.fujifilmdiosynth.com
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 Successful demonstration of 500L manufacturing scale continuous
mAb production in a non-GMP facility
* End-to-end functionally closed disposable flow path
* Data supports moving to 2000 L scale
* Data supports using N-1in 20.000 L scale

* USP Highlights
* High cell density: 120 x10° cells/mL
* mAb productivity: 15.4 pg/cell equivalent to 1.8 g/L/day
* DSP Highlights
* Just-in-time in-line buffer concentrate dilution strategy
* Generated 0.54 kg/day purified mAb

Apollo® symeHoN ) MAru X

ADVANCED MAMMALIAN EXPRESSION www.fujifilmdiosynth.com
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“The secret of
getting ahead is
getting started. The
secret of getting

started is breaking Morten Munk Charles Heise, PhD
your comp lex Director, Alliance Management Senior Staff Scientist
overwhelmin g tasks FUJIFILM Diosynth Biotechnologies FUJIFILM Diosynth Biotechnologies
intosma | | Biotek élle 1 Belasis Avenue

3400 Hillerad Billingham, TS23 1LH, UK
manageable tasks, M: +45 40742254 M: +44 (0) 7557 896209
and starting on the E: morten.munk@fujifilm.com E: charles heise@fuijifilm.com

firstone.”

Mark Twain

www.fujifilmdiosynth.com
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rom the norm, |
progress 1s not possible.

-Frank Zappa
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Learn more at
Spiritual Cleansing. Grg

www.fujifilmdiosynth.com



Courses

Networks

Disciplines

Aboutus Get smarter

Driving Digitalisation in Pharm

Learn to use data and digital tools in Pharma Production

REGISTER GET COURSE INFO

COURSE CALENDAR FOR: 30. OCT - 14. NOV 2023

30 Oct 2023 9:00-16:45

DAY 1: ARTIFICIAL
INTELLIGENCE

= Al and the technologies
importance for production.

» The authorities perspectives
on the importance of Al
Technologies for the GMP
environment

* Machine Learning

31 Oct 2023 9:00-16:45

DAY 2: DATA AND DATA
ANALYSIS

* Industry (| 4.0) and data
understanding (Why and what
- Data science projects and
processes)

» Effective use of different data
sources to solve problems in
production

» Data analytics - methaods and
tools

13 Nov 2023 9:00-16:45

DAY 3: 10T AND XR

» Operational Performance
Support through digitalization,

Fuji Film

Internet of things - the
technological possibilities and
limitations

Xtended Reality - In the field
between available hardware
and solving difficult technical
problems

14 Nov 2023 9:00-16:45

DAY 4: DESIGN THINKING
AND USER EXPERIENCE

+ User Interfaces - A UX
approach to better
technologies

* Operational Performance
Support through Augmented
Instructions

* Cyber Security Awarenes -
challenges and handling

FUJIILM
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