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Industry Situation

$30 Billion in Revenues Are At Risk For the US Pharmas
in the 2010-2012 CIiff Period

» Patent cliff for small moleculesis reality and

affects large molecule industry with !
biosimilars =]
= |
=1 =
» Regulatoryview is changing and supporting -~
agile, efficient, and flexible manufacturing -
p l d tfo rms FDA's Pharmaceutical Quality for 21%

Century Initiative

. Vision
> Global expansion push to secure APIs and iyt i fee a
capture local markets jonimmvenoatusll /

» Process volumes become lower and
manufacturingrequires more flexibility for
better facility capacity utilization

e NETWORK

: : et CHANGE < #oe-ABL T RAPI
» Single-use equipment can lack flexibility =LAV IRl
when used in a traditional facility lay-out. -
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Future Indicators

>

Aging population on therise with further
needs for capacity to avoid stock-outs/drug
shortages

Rising middle class in different countries
require in-country/for country
manufacturing capabilities

Changingviral and microbial diseases require
fast response possibilities utilizing new
technologies and deployment methods

Regenerative/personalized medicines require
specific processing systemsin accordance
with any possiblelogistichurdleand robust
containment needs

Continuous processing further reduces
process footprints
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Past Facilities may not fit New Needs

Change
- High CAPEX (>$500M) A
« Long time-to-run (3-4y) Needed

*  Product dedicated
* Inflexible/non-scalable

» Extensive qualification
needs

» Difficult containment

» Difficult to clone

ANNUAL MEETING & EXPO
18-21 SEPTEMBER 2016 ATLANTA, GA




Some New Concepts may be Lacking

“‘Until now, modular facilities have
reproduced traditional architecture
with regard to embedding utilities
piping and HVAC ducts in the
interspace between the physical
module limits and the suspended
ceiling making refurbishment, if
required, extremely complicated.

The new approach is to segregate
pre-assembled modules into
laboratory and utility modules, which
are designed such that they permit
even simpler and faster construction,
qualification, validation and
maintenance, respectively....”

Alan Pralong (2013)
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FLEXIBILITY is KEY I

Brick &
Mortar

S N

Modular

Stick Built Predesigned
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The Future requires...

v" Speed
* Abbreviated design phases
* Time-to-build/Time-to-run
 Adoption of new technologies

v Agility
* Scaling up and down w/o interruption of
existing processes

* Rapidlydeployedin multiple locations (in-
country/for country)

v’ Efficiency
* Higher yield per footprint
* Faster turn-around/Set-up time
*  Multi-product and parallel operations
* Infrastructures for multi-purpose use
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The Continuous Manufacturing Paradigm

» Continuous processing was developed as
early as the late 18 century (eg. Pig iron
blast furnace, Fourdrinier paper machine)

» By the early 20t century continuous
manufacturing processes were common in
the food, chemical, and automotive
industries

» The pharmaand biopharmaindustrieshave
relied heavily on the traditional batch based
manufacturing processes developed over 50

years ago
Pharmaceutical Manufacturing: The Path Ahead..
» Inthe past5 years, significant progress has o g st o e 050 v
. processes of today. It is predicted that manufacturi‘ng will
been madein the development of
CO n ti n u O u S p ro Cess es i n p h a rm a more efficient continuous manufacturing.”

ANNUAL MEETING & EXPO
18-21 SEPTEMBER 2016 ATLANTA, GA




OSD Manufacturing Advances

» Collaborations are driving technology
advances and adoption
» Novartis-MIT
» Janssen-Vertex-Rutgers (C-SOPS)

» Pfizer-GSK (PCMM) C-SOPS Industrial Partners
R [ i (osk] - ohmen.fohmon
e TR
» Companies are combining resources to [ ey e
effect the fastest path to success e m".‘i”“ :"‘"“f" =
» Compete on products, not manufacturing "" m
technologies S ———
Specialized expertise for new technologies ;;a;;;grg;'untgc;?t;nvgggtg;e

Makes Tablets

Regulatoryleverage

Establishingguidance and standards ih -t
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OSD Manufacturing Advances

r ™~
CM
. . . . traditional pharma manufacturing:
» Continuous OSD manufacturingequipment is =
. . . . V4
commercially available from multiple suppliers

- .
Incorporation of real time release testing (RTRT)
and process analytical technology (PAT)

v
» Process Analytical Technology (PAT) is being o
implemented to provide feedback and feed forward S s
control of processes resultingin improved product o
quality -
> Ti . ‘> @
ime and costs required for process development o —
and validationare beingsignificantly reduced enonmetigace
© &
» 0OSD products manufactured by continuous ComankY o
processes have been approved by FDA and are
currently on market :‘o_ __
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OSD Manufacturing Advances

» FDA Approvals

» Vertex — Orkambi, Cystic Fibrosis Drug

(July 2015)
» Janssen — Prezista, HIV-1 Drug (April FDA urges companies t geton board it
2016)

) —
VERTEX  Janssen J
or ohmonJohmon
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OSD Manufacturing Advances
Portable Continuous Miniature & Modular

» GEA ContinuousOSD Process integrated into
G-CON portable cleanroom POD

» Prototype builtand installedin 2015 at Pfizer
Groton, CT site within existing grey space
warehouse

» System designed to be used for process
development, clinical manufacturing, and/or
commercial production

» System can be redeployed to different location
in futureif required

GEA @2 GCON ]
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OSD Manufacturing Advances

Traditional Facility

i LSS
St S

70,000 ft3 per process train

30,000 ft3 per process train

Investment

Timeline

Agility

Responding to a new product launch or Emerging Market tender with uncertain forecast

- Traditional Facility PCM&M

Facility constructed for best case forecast. Modules and
equipment are fitted out as required
High up front investment (V$40MM) .

24 — 36 months for facility .

» 12-18 months for modules / equipment .

Facility and batch equipment oversized or undersized .
A change in business case can result in stranded assets in = *
targeted market

Purchase new PCM&M POD & equipment or redeploy
existing system
Lower up front investment (V$15MM)

12 -18 months for new POD and equipment
3 - 6 months to relocate existing PCM&M

Continuous system output is scalable
PCM&M systems can be relocated if market conditions
change
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OSD Manufacturing Advances
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PCMM Prototype Design

ANNUAL MEETING & EXPO
18-21 SEPTEMBER 2016 ATLANTA, GA




OSD Manufacturing Advances

Total
Granule 15 TN | HSWGWet Height
Conditioning i+, a=d Granulation ~14.5 ft

Continuous Mixing _ £
& Direct Compression ConsiGma™ WG
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Biopharm Manufacturing Advances

» Single-use systems now being utilized in I P ————
commercial processes after being used E B n
in clinical manufacturing for over 20 210 o e . &
years it
> Process understanding, technology i
advances, and improved controls have T s Prsent
resulted in process intensification of
USP
> Perfusion upstream processes were - WZ@“”“Q
developed over 25 years ago and are e G e e e o
currently used in manufacturing of ,Cg o
. 0 I'_I
commercial products (< 10%) % i Z@ﬂuﬂ
» Continuous downstream processing has Hybrid Solution
been limited by the technologies =" 100
available 1 G G U
Ultimate Goal Source: Charles Coon &y, Konstantin Konstantinov
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Biopharm Manufacturing Advances

Existing Developing

Alternating Tangential Flow (Xcell™ATF) | Acoustic Wave Separation Cell Clarification
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“About five years ago, as the industry matured, the manufacturers were focusing on
flexibility, cost, and capital efficiency in manufacturing,” he says. “It was at that point
that continuous technology was considered for downstream processing, so we
are really at the early stage of a normal technology adoption cycle.”

Andrew Sinclair, President and Founder of Biopharm Services
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Biopharm Manufacturing Advances

» Challenges ahead but industry investing

» Immaturity of technologies for continuous
downstream processing

» Significant upfrontinvestmentin process
understandingisrequired

» Need for effective PAT includingon-line
instrumentation and real time monitoring of
processes

» How to perform quality assurance/guality
control with products manufacturedthrough a

continuous system as well as defininglotsand
batches

» New facility concepts and layouts needed to
support end to end continuous processes

Market Alert

Will your site Expand, Introduce or Not Pursue
Continuous Processing this year?

Expand
Introduce 27%
Not Pursue 42%

Aspen Survey of the Bioprocessing Market

Market Alert

Which of these best describes your sites
interest in continuous chromatography?

‘We presently have a funded or ongoing 25%
program

‘We plan on starting a program in the near 29%
future

‘We have no interest at this time 46%

Aspen's Survey of the Bioprocessing Industry 2016

Market Alert
Which of these is most important to you?

Continuous Processing  36%
QbD 32%
PAT 15%
Other 10%
Six Sigma 7%

Aspen’s 6th Annual Survey of the Year Ahead for
Bioprocessing
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Biopharm Manufacturing Advances

Transition to Future Concepts

Fed-Batch

-‘-' !-.‘ ﬁ ‘D-ﬁdﬁ' -y -= Stainless
= [l © !LOH = E -B»ﬁ-ﬁ.ﬂq . =p Intensified Fed-Batch

Hybrid Stainless /
Single Use

Feed *ﬂiﬁ'“k‘ Continuous
.:' sMB SmB

Fully Single Use

A= R Enabled

A continuous manufacturing facility footprint is smaller than
traditional process facility for a given output
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Rethinking Facility Design

» Pre-fabricated modular cleanrooms
integrated into new or existing shell
structure

» Build offsite and assemble onsite into
facility

» Support of multi-product/tenant
facilities

» Redeployed orrepurposedin futureas
needed

» Platform facility designs allow for
cloningand accelerated deployment
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Rethinking Facility Design

The combination of continuous processes and single use technologies
integrated within a pre-built modular cleanroom system can help meet
the future need for smaller and more agile manufacturingfacilities that
can be cloned and rapidly deployed throughout the world.
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Summary

>

Traditional process and facility designs are straining to meet
pressingindustryrequirementsand application needs

Future facilities will need to be smaller, more agile, and
deployed morerapidly thanin past

Significant advances have been madein OSD continuous
processing through effective collaborationsand technology
advances which have resulted in the recent FDA approvals

While the biopharmindustry has used continuous USP
manufacturingfor manyyears, the development and
technologies for continuous DSP is still in the early stages

New innovative facility designs have been implemented for OSD
continuous manufacturingoperationsand are being developed
for a broad range of biopharm applications
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Thank you for your attention!

dpowers@gconbio.com

“The arrogance of success is to think that what you
did yesterday will be sufficient for tomorrow”

William Pollard
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