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New textbook to come in December 2017
Gunter Jagschies, Eva Lindskog, Parrish Galliher and Karol tacki

58 chapters covering
v'Disease priorities
v'Biopharma business
v'Process capabilities & designs
v'Principles & Methods
v'Equipment & Facilities
v'Analytics, Quality, CMC
v'Industry case studies
v'Economics of bioprocessing

With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,
Elsevier December 2017
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Times they are changing!

Fantastic opportunities
Fundamental challenges
Fierce competition

GE proprietary and confidential 6 December 2017 3

With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,
Elsevier December 2017

Steady growth of novel medicines
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Biopharmaceutical proteins, plasma products, and vaccines: a $ 230 billion industry
Growth driven by monoclonal antibodies and by diabetes management

Growth from new product introductions (NPIs) but also from price increases

Threat on price levels from healthcare systems and from biosimilar competition

GE proprietary and confidential 6 December 2017 4




Pipeline strength
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Key pipeline molecules

Many trials for line extension
of cancer immunotherapies
Further immunotherapy Mabs

Vocci
M Musculoskeletal decine from AZ, ROChe...

60% .
= Infectious Antlbpdy theropy of

50% o Alzheimers continues the

enetic .
0% N Trial phase Journgy '
Pre-Mktg Practical cell therapies of

30%

20%

10%

0%

M Cardiovascular

m Cancer
11}

B Autoimmune

cancer around the corner
Gene therapies catching up
Vaccines for Ebola

6 December 2017

GE proprietary and confidential

With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,

Elsevier December 2017

Challenges for new medicine development

..and then: diagnostics - early-on, cheap, precise!

GE proprietary and confidential
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With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,

Prevention instead of treating the sick

Infectious disease could be vaccine preventable and >60% of = Avoid the failures, copy only the successes of Western
non-infectious disease is considered preventable too healthcare systems

Three mistakes (in US Healthcare) that
emerging economies can’t afford to repeat

* Focusing mainly on treating the sick

* Basing the system on “fee-for-service” concept
* Prioritizing physical infrastructure (hospitals)
Design healthcare systems for prevention

* Front line care via local (!) nurses and general
practitioners (France, Scandinavia)

 Basing the system on outcome

Figure 1-10: Estimate of impact on mortality from risk avoidance (dark areas
represent percentage of deaths associated with controllable risks for each mortality

cause shown); Graph used with permission from Institute for Health Metrics and 1 1
Evaluation (IHME), GBD Compare. Seattle, WA: IHME, University of Washington, 2016 ¢ F(.)CUS 0|:1 health ed_ucatl.on' early and preCIse
(http://vizhub.healthdata.org/gbd-compare/, accessed Jan 2017; red = communicable d|agnOS|s and mOblle, dlglta| health Su pport

disease and newborn - maternal - nutrition conditions, blue = non-communicable
disease, green = injuries)
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Increased competition leads to market fragmentation

Redundancy trend is seen for key
indications

*  6-10 mAbs plus 10 biosimilars available
for psoriasis in the coming years

* Likely complementarity to a certain
extent even those against the same
target

» Affordability vs therapeutic effectiveness?

Market fragmentation has implications for the supply chain and facility
requirement.

GE proprietary and confidential 6 December 2017 8




With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,
Elsevier December 2017

Most popular biosimilars

Reference |Company Therapeutic area 2016 revenue | # of Biosimilar | Biosimilarapprovals,companies
product [$ M) PI'O]eCtS&

Infliximab Remicade Janssen Autoimmune diseases 8,057 Celltrion/Hospira (Korea, EU, USA, Brazi, Japan, Russia,)
Nippon Kayaku (Japan)
Ranbaxy/Epirus (India*
Samsung Bioepis (EU, USA, Korea)

Bevacizumab Avastin Roche Bowel, breast and colon 6,681 15 Biocad (Russia)*
Hetero/Lupin (India)*

Gelesy Reliance Life Sciences (India)*
Etanercept  Enbrel Amgen/Pfizer  Arthritis 9,265 27 Sandoz (EU)
. Samsung Bioepis (EU, USA)
Psoriasis
Trastuzumab Herceptin ~ Roche Cancer 6,680 16 Celltrion (Korea)

Shanghai CP Gujian (China)*

Shanghai Henlius (China)*

Biocad (Russial*

Biocon/Mylan (India)*
Adalimumab  Humira AbbVie Autoimmune diseases 16,524 17 Amgen (EU, USA)

Torrent Pharmaceuticals (India)*

Zydus Cadila (India)*

Rituximab Rituxan Roche Cancer, 7,190 23 Celltrion/Hospira (Korea, EU)

@i g Sandoz (EU)
St elEEeEEE DRL, Hetero, Intas, Zenotech (India)*

Probiomed (Mexico)*
Biocad (Russial*

Insulin Lantus Sanofi Diabetes 6,324 5 Biocon (India, Japan), EMA submitted Nov 2016
: Wockhardt (Indial*
Glargine

EliLilly / Boehringer Ingelheim (EU, USA, Japan, Australia)
Samsung Bioepis / Merck(EU)

&Source: GaBi Online April 2017
(http://gabionline.net/biosimilars )
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With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,
Elsevier December 2017

Five components drive biosimilars

Three positive and two negative factors

Despite of cost reductions, quality Treatment cost
demands will not slip and patients With financial crisis still lurking,
will honor the brands that come healthcare systems around the globe
with quality facts and reputation. . "
will not let go of any cost reduction
option and legislation will (have to) pave

the way.
Lack of
interchangeability
Totality of evidence approach (FDA)
requires advanced development
capabilities and effectively excludes Beyond the regulatory challenge
weaker players from the market.. smaller biosimilar players just took
another hit to their business cases
. by multinational players’ initiatives
Regulatory guidance for biosimilars..
With seven years delay after EMA, the
FD_A has just IaTun_ch.ed their initial IP & Legal Large Biopharma players strategy
guidance for biosimilar developers and delays With Novartis (Sandoz) leading since 2006,

begins to create predictability for the

several multinational players have recentl
US market (the largest of all). pay Y

started initiatives to fill R&D pipelines and
manufacturing sites with (lower risk)
biosimilars.

GE proprietary and confidential 6 December 2017 10




“Made in China 2025”
Priority in current 5-year plan

Manufacturing initiatives in Asia

The world’s largest CMO in Korea, the two companies with most approved biosimilars in Korea, the world’s first
“future facilities” in Singapore and China, CMO with world’s largest single-use capacity in China

* China strategic economic growth and investment plan: biopharma will receive
major portions of the $1.7 trillion available investment

* China is spending an additional $11.8 billion to advance biopharma innovation
through 2020

* China revenues from biologics sales expand at double digit rates, projected to
reach $ 20 billion within the coming five years

* Expected preference for China manufactured biologics in China market

* China has joined the ICH as its eighth regulatory member and plans to gradually
transform its pharmaceutical regulatory authorities, industry and research
institutions to implement the international coalition’s technical standards and
guidelines

Recommended reading: BioPlan Associates, “Directory of Top 60
Biopharmaceutical Manufacturers in China”, 2" edition, February 2017

GE proprietary and confidential 6 December 2017 11

Conclusion #1

Market dynamics

*Biopharma is a dynamic and lucrative market offering significant
opportunities for countries to develop an industry and a job market

*There is a risk that the pace at which we learn about disease is not
matching with the very fast revenue developments, huge R&D
investments required

*Developments to treat the sick may not lead to solving the core
problem of healthcare, the lack of prevention

*Competition between companies is enormous, business cases may
be inflated, drug improvements may be incremental

*Competition between nations begins as everyone plans to build their
own capacity and competence

GE proprietary and confidential 6 December 2017 12




Financial aspects in biopharma

GE proprietary and confidential 6 December 2017 13

With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,

Biopharma annual reports - financial info

GE proprietary and confidential 6 December 2017 14




With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,
Elsevier December 2017

The uses of revenue in biopharma

GE proprietary and confidential 6 December 2017 15

With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,

Basic cost structure - classic facilities

GE proprietary and confidential 6 December 2017 16




With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,

Case study - Genentech Vacaville CA

GE proprietary and confidential 6 December 2017 17

With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,
Elsevier December 2017

Capital cost for existing facilities

GE proprietary and confidential 6 December 2017 18




What is a realistic cost target?

1 Modelled large scale plant
2 Small plant, single-use technology
3 Continuous processing with single-use

Brian Kelley
Genentech

10 tons: $201 / $232
1ton: $1101/ $532
100 kg: $1,010% / $ 3452

Andrew Sinclair
Biopharm Services

1-2 tons: $23-363
100 kg: $102-1383

1-1.5 tons (batch): $ 221
1-1.5 tons (continuous): $ 173
100 kg (batch): $ 1,232

100 kg (continuous): $ 2423

K. Konstantinov
Genzyme (Sanofi)

mADbs 1:5, 443-452; Sep/Oct 2009

* CapEx for small single-use 25%

» Small facility offers significant advantage
with small quantities

http://dx.doi.org/10.1016/j.jbiotec.2015.05.010

» CapEx for conventional batch approach 2-
4x higher

» Continuous processing uses much
smaller footprint, cost savings mainly
driven by that aspect

and commercial judgement

* Expert consensus that $20-50/ g is achievable
through a number of different routes
* Solution choice depends on risk tolerance

* Ifyou do not expect to need tons, don’t build for it

GE proprietary and confidential
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The importance of cost...

:

A 20.2 16.5
B 13.5 7.4

L]
C 21.2 12.3

* Deduction of royalties paid and
other reported cost non-core to
manufacturing

Cost as we think
about it is at 5-7%* J
for drug product

and 3-5% for drug
substance

*% of revenue for the product in question

Further cor(ection to getto core
manufacturing cost as we discuss it
here:

Overhead costs (senior management,
corporate quality as well as regulatory
and business strategy groups)

Product write-off costs

Supply chain positions such as shipping
and carrying costs of inventory
(warehousing)

Property taxes for production buildings,
or amortization.

GE proprietary and confidential
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With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,
Elsevier December 2017

Pricing and production cost is not related
N

Lucentis (Roche) 3,940,000
EYLEA (Regeneron) 980,000
Stelara (Janssen) 164,000 45000 Medicare price trends
Yervoy (BMS) 137,000 32'500
Humira (Abbvie) 34,050 30'000 In (rjecent f5 yrs,
i i . r ri
Simponi (Janssen) 24,000 27.500 increuagsgs flzve
Tysabri (Biogen) 16,000 25.000 accelerated
XGEVA, Prolia (Amgen) 15,130 22500 In recent 10 yrs,
Enbrel (Amgen) 12,440 — 20,000 production -
Vectibix (Amgen) 10,000 517'500 i CD;Z/g;Zr:CfiC:eUJd) ;ZTZ
Herc'eptin (Roche) 8,700 p<1 15000 41— 10fold .01
Remicade (Janssen) 7,700 12500 A
Rituxan (Roche) 7,480 10.000 f
Avastin (Roche) 7,000 7500 AR B0-
Cimzia (UCB) 6,000 so00 I :l B :I :I |
Xolair (Roche) 5,800 2500 AR B | ~I :I = |
Erbitux (BMS) 5,400 0 ) T T T 1 T ﬁ
@ & P @ RS S P P
Actemra (Roche) 3,873 \2\0@\ 90\\&*40 Q/(\\OA@&O \bquqg@\ Q.\@* v‘\* C&W 4 (é&o@«\
Orencia (BMS) 3,600
GE proprietary and confidential 6 December 2017 21
Conclusion #2
Financial performance of biopharma
» Once corrected for costs that are not core to the manufacturing
operation itself, it becomes obvious that COGS of monoclonal
antibodies is already a low cost operation relative to their market
price.
* Currently, there is no link between manufacturing cost and price to
the patient. In the last decade manufacturing costs have been going
down 5-10 fold dependent on who you ask. At the same time prices
to the patient have gone up 20-100 percent.
* The argument of manufacturing cost vs. affordability will begin to
play a more obvious role when drug prices start to come down (50-
80%. Cost reduction is important because we all need to get
prepared for this moment and because careful use of cash is always
a requirement
GE proprietary and confidential 6 December 2017 22




The apparent inefficiency of the
pharma development approach!

GE proprietary and confidential 6 December 2017 23

Efficiency in bio/pharma R&D

Adopted from: JW. Scannell et al. “Diagnosing the decline in pharmaceutical R&D efficiency”, Nature Reviews, Vol 11, March 2011

100,00 A

& Progressive &
- 80 fold decline of R&D o TR
i3 efficiency creuns doulo srommataly
32 000 cvery twe years
£g Powerful forces have
gé 1,00 - outweighed scientific,
s technical, and managerial
%’ improvements
3 over the past 60 years

00—

1950 1960 1970 1980 1990 2000 2010

(Moore’s law backwards: not all technologies
improve exponentially over time)
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Forces outweighing technical progress

Combinatorial
chemistry:

fol
800 fold up on 3-dimensional structures:

molecules / scientist .
e ih th h 3 orders of magnitude
Narrowed clinical search High throughput . 00/ scientist

Bigger clinical trials screening:
Multiple clinical trials 10fold cost reduction
A to screen candidate
10,00 -+ Longer cycle time

against target
1,00 1 :
Primary Cautious regulator
problem
forces “Better than the Beatles”
problem

“Throw money at it” “Basic research - brute force”
tendency bias

0,10 I e e e e e B B L B e o e e e e e e e e e e L e e e e e e e e e e e e A B LI B e e e e e e e e e
1950 1960 1970 1980 1990 2000 2010

100,00 1

DNA sequencing:
1 billion fold faster
thanin 1970s

)

Number of drugs per $ billion of R&D spending

Adopted from: J.W. Scannell et al. “Diagnosing the decline in pharmaceutical R&D efficiency”, Nature Reviews, Vol 11, March 2011
and from: S.M. Paul et al., “How to improve R&D productivity: the pharmaceutical industry’s grand challenge”, Nature Reviews, Vol 9. March 2010

GE proprietary and confidential 6 December 2017 25
Companies may
Cost model for R&D expect toachieve
2-5 launches
Discovery Phase | per year
Candidates Phase Il
onvalidated — —> —> Preclinical : é Phase IlI
target ! : j Launch
Probability of success ----------------- 35% -t 54% 34% 70%
Work in progress >
4 —> —> —> 12 | — —> > —>
required for 1 launch I:I
\ \ |
\
Attrition rate ------------e-meoooee- = Lower demand -~ \ I 66% I Reduce
onpipeline __ M —-= :
COSt per proJECt ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, $15M $4OM $150M E
(out of pocket) f
costperlaunch . §281M ~ronmsreneeeenes $128M $185M $235M |
(out of pocket) A ;
\ A :
Cost distribution ----------=----mmmmmmmoooees > Use cash to do \\I 48% I Reduce
better, earlier _ N, __ =7 g
Costperlaunch $82AM ---oscasosroeeae- $273M  $319M $314M  $1,778M
(capitalized)
— Adopted from: S.M. Paul et al., “How to improve R&D productivity: the pharmaceutical industry’s grand challenge”, Nature Reviews, Vol 9. March 2010
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Key flexibility demands

GE proprietary and confidential

High uncertainty of project

portfolio

Many candidate molecules

Many process variants
R&D cost budget

:

Few molecules

Platform proci;s_::#

*~Scheduling un

Reduce failure

and cost of
late failure!

6 December 2017 27

Process development prlorltles

mprovement OQQOI‘tUI‘IItIe

* Stay off the critical path,

no delays from material
delivery or quality

* Help to increase time
available for study of
drug candidate

* Drastically reduce cost
of clinical material,
especially for phase Il

Estimated PD cost*:

Clinical development#
Attrition: $ 000'M
Time: $ 000'M

Process Development?
Cost: fraction of $ 000'M

# Different elements are
inter-dependent, not additive

[$ M]
-600

-400

-200

$1,778M

0 200 400

600

Attrition Phase Il
Attrition Phase Il
Cycle time Phase llI
Attrition Phase |
Cycle time Phase Il
Cost Phase Il

Cost Phase Il

Cost Phase |
Attrition Preclinical
Cycle time Phase |
Cost Preclinical
Cycle time Preclinical

Average PD team: $ 42M -
Material to clinic: $ 45M

Cost or time: -50%
Attrition: -10%

* Worst case cost assumption:
PD team: 50 FTE @ $ 200/h full cost, 2 years on project
Material, mainly for phase IIl: 30 kgs at $ 1,500/g

GE proprietary and confidential

B Savings potential

Cost or time: +50%
Attrition: +10%

—— Adopted from: S.M. Paul et al., “How to improve R&D productivity: the pharmaceutical industry’s grand challenge”, Nature Reviews, Vol 9. March 2010
6 December 2017

B Risk for increase
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Alternative models for biopharma R&D

GE proprietary and confidential 6 December 2017 29

Conclusion #3

R&D performance of biopharma

* Collaborative R&D models are emerging, single companies
cannot solve the problems of the future

* Failure rate of new drug candidates introduced into human
trials is still around 90%

* The cost of that failure is not only reducing the cash
available for new developments but increases the prices of
drugs reaching the market significantly

» We are paying for the learning

GE proprietary and confidential 6 December 2017 30




Technology options for
economically efficient

Improvement strategies

GE proprietary and confidential
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The desired outcome...?

> Facility utilization

5 3
5 : S
V3 Always meeting market demand &
10.000 Always responsive to novel scenarios
]
1.000
1.000
100
100
Continuous efficiency improvement
Careful use of corporation’s financial resources 10

10

e ————
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..or more like this?

Low cost even

Facility utilization

for low volume

$/gram

manufacturing Always meeting market demand
10.000

—

1.000

100

Continuous efficiency improvement
Careful use of corporation’s financial resources

10

S ——

Always responsive to novel scenarios

Kg/year

1.000

100

10

GE proprietary and confidential
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With permission: G Jagschies et al., “Biopharmaceutical Processing:

Ce”S and resin improvements Development, Design, and Implementation of Manufacturing Processes”,

Legacy Multi-
plants product

(utilization improvement)

Elsevier November 2017

USD/gram

> g/L bioreactor titer

Cells, culture media, and conditions

=
o
o
o
o

kg/year

g/L binding capacity
1000

1000

LSO Resins, capacity, and throughput
usb

100

10

100

10

1995-2005
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Typical observations

* Improve capacity based on a plant
fit investigation

* Tanks often are hot spots

* Installed size of steps could be
limiting (e.g., DSP)

* Step speed could be limiting (e.g.,
cells used, seed train and bioreactor
processes)

* Utilities, buffers, waste handling etc.
could be limiting

* Reduce cost based on economic
modelling studies

* Facility utilization is the main driver in
legacy style facilities (stainless)

* Increasing market demand or multi-
product usage is the antidot

* Removing issues listed under
"capacity improvement” is a
requirement to meet demand

* Balance increased variable cost
against the longer term value of higher
output (NPV)

There could be robustness issues, e.g., bioburden related

GE proprietary and confidential
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With permission: G Jagschies et al., “Biopharmaceutical Processing:

° Development, Design, and Implementation of Manufacturing Processes”,
Elsevier November 2017
Scale-down and single-use
Scale-down
c opportunity
© I &
& . >
a Single-use E
3 .
10 000 opportunity
Make
1000 sSame
S quantity in a
e ma exiple
S”caled-do'}/vn facility facility design smaller
flattens” the cost facility ‘
100

curve

10

Integration of productive and flexible tools.
Substantial savings even for "small products”.

Higher consumables cost! J

2005-2015

Technology still maturing

GE proprietary and confidential
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Biotherapeutic proteins production 2015

Estimate based on published manufacturer revenue, Medicare and “Rote Liste” pricing info, and package leaflet information, assuming
Medicare / “Rote Liste” include a 20% markup on manufacturer pricing, assuming manufacturer has to scrap 15% of produced material

. O Interferons ¢ Growth Hormones
00000000 ™ Coagulation factors ® Monoclonal Antibodies
(o) O Growth factors, other © ADCs
= - Factor VIl O Esas A FcFusion Proteins
E 10000000 o Fo o) ./ Ervthrondietin ® Enzymes, raredisease © Fab Fragments
© o Ao (0] y P O Enzymes, other ® |nsulins & Diabetes
oo
K X E
S 1000000 [ 8 . (o] Pegfilgrastim
o %, o
] (o | '. g O. Adalimumab
2 100000 ) (o) ° 2 > | Etanercept
8 ‘%3 ° Infliximab
=1
g ® (2] @ .* e / Trastuzumab
S 10000 () .. @ /_ Bevacizumab
B .‘. [ (5) ..A @ —Rituximab
. & e,
= | .. .
E 1000 { ] @ Insulin glargine
100
0,01 0,1 1 10 100 1000 10000
Estimated Production Scale [kg/year]
With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,
Elsevier November 2017
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Change the dogmatic rules that cement high
clinical trial manufacturing cost

“Phase Il needs to run at production scale” to “Production needs to run at Phase Il scale

Turn high bioreactor
productivity into

scale-down of
manufacturing

GE proprietary and confidential 6 December 2017 38




Advantage Single-use Technology

$10s-
100s M

Lower capital cost

» Companies present
30-50% lower capital
investment numbers

* Cash flow advantage from
2-3 years delayed
investment

* Combined advantage from
scale-down and SUT up to

75% for similar productivity

Lower operating cost

* Yes, with low batch
numbers

* No, with high batch
numbers?

* Higher consumables cost
compensated by:
* Reduced depreciation
* Reduced cleaning
ILC for buffer preparation
* HD seed train & 5:1 turn-
down rate with XDRs

With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,
Elsevier November 2017

Lower opportunity cost $ 100s M

* Enabling simplified
reconfiguration

* Low cost multiproduct
implementation

* Fast and low validation
effort upon scale-out

» Fast and lower cost
duplication in new markets

Lower financial risk profile with uncertain demand and strong competition

Improved NPV of R&D pipeline projects

GE proprietary and confidential
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Cost reduction with single-use technology
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Productivity & intensification

USD/gram

.
o
o
o
o

1000

100

10

Higher CapEx!
Payback in 1-3 years

Maximize
uptime, delete
non-productive
activity

With permission: G Jagschies et al., “Biopharmaceutical Processing:

Development, Design, and Implementation of Manufacturing Processes”,

Elsevier

November 2017

Efficiency

*Shorter
upstream time

Column
packing
automation

Breaking through
bottlenecks

Process breakthroughs*
and automation lead
beyond initial facility capabilities

In-line buffer
| | preparation

*Continuous
product flow

opportunity

kg/year

1000

100

10

2015-2025
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Leaving the comfort zone

With permission: G Jagschies et al

I, “Biopharmaceutical Processing:

Development, Design, and Implementation of Manufacturing Processes”,
Elsevier November 2017

USD/gram

10000

1000

100

10

| Facility of the future partial or entirely continuous processing }7

Future

Ballroom

2015-2025

Analysis at-line
Extensive data trending

Ballroom concept
Closed processes

Scale-out, not scale-up
Concurrent multi-product

Shared resources (hubs)
Outsourcing non-core

10-20 USD

kg/year

1000

100

10
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Investment at the right time

High capital risk
High economies of scale

[Commercial certainty]

Global supply

Samsung, Songdo

5Bn USD + investment

* 360000 L capacity

e 20-30 ton output?

* With Celltrion, 800 000 L capacity in Songdo
25 Bn USD of new large facility investments

Low capital risk
Somewhat less economic

[Fragmented markets]

[Niche products]
[Regional supply]

Amgen, Singapore

+ 200 MUSD investment

* 6% 2000 L upstream

e 25% less CAPEX, 70% less OPEX

* 80% less energy and water

* 75% smaller footprint

* 1ton output?

Many ongoing small facility constructions

Based on data from company press releases, CAPEX = capital expenditures, OPEX = operating expenses

GE proprietary and confidential

6 December 2017 43

Financial hierarchy of improvement strategies
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Incremental improvements - modern tools

GE proprietary and confidential 6 December 2017 45

Diminishing returns for improvement projects
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Conclusion #4

Technical improvement options

* There is a clear financial hierarchy of improvement options

* Improving facility utilization is the prime driver: right sizing
the facility for demand, multiproduct strategies, and
productivity improvement of processes are key aspects

* The rule of diminishing returns applies: the more advanced
a facility or a process design already is, the less return from
improvements can be expected

* Integration of all aspects yields significantly better results
than isolated improvements
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The Cost of Quality
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The cost of Quality Systems

(adopted from Jon Coffman, Wyeth @ Recovery XlIl Quebec, 06/08)

Quality systems scale with Develop solutions that decrease need for quality oversight
*  Number of steps * Process understanding

* Complexity of operations * Modular process steps

*  Number of raw materials * Modular, flexible hardware platforms

*  Number of solutions * Fewer, less complex process steps

* Number of operations per step (batch record) » Continuous / Straight-through processing

*  Number of changes from product to product * Few and automatable feed adjustments

*  Number of key and critical parameters * High throughput analysis

* Number of deviations (robustness) * Multi-attribute analytical methods

* Number of release tests * Trending of data, automated PAT solutions

The amount of paperwork and personnel used to assure quality
GE prop does not scale with the size of the manufacturing process ember 2017 49

Conclusion #5

Quality

* Quality of biopharma products is designed into the process and the
product, it is not created via analytical testing.

* Once the manufacturing process itself has been optimized, analytical costs
are one of the highest cost positions in manufacturing.

» Cost reduction begins at the development stage and includes an advanced
analytical strategy (study Amgen Singapore papers and presentations)

* Short cycle time for analytical information driving real-time decisions on
manufacturing floor

* In-line testing, rapid microbial methods, multiattribute assays, at-line
testing, intense data trending and use for on-the-floor decisions

* Consider latest detector technology, e.g., MALS (multi-angle light
scattering) for in-line peak evaluation and advanced fractionation
opportunities

GE proprietary and confidential 6 December 2017 50




New textbook to come in December 2017
Gulnter Jagschies, Eva Lindskog, Parrish Galliher and Karol tacki

58 chapters covering
v'Disease priorities
v'Biopharma business
v'Process capabilities & designs
v'Principles & Methods
v’ Equipment & Facilities
v'Analytics, Quality, CMC
v'Industry case studies
v'Economics of bioprocessing

With permission: G Jagschies et al., “Biopharmaceutical Processing:
Development, Design, and Implementation of Manufacturing Processes”,
Elsevier December 2017
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LIy—Fke | T>JLLe Eaz5e DURZ—C | FOTLT® | FLULT® | DLUTC
s FASBE/HO— | LETS—FcRE | EFEIE/90—F | EREIE/SO—F | EMEE/VB—F | LET2—RIES PEG-Fab
FILHE AU INyE JLERUR JLERLR LA VINVE
EMDF TNF-o TNF-a/B TNF-a TNF-a IL-eLtEF4— CD80/86 TNF-a
TNF-aH 01 TNF-af#0 TNF-a 7] IL-6FRF 3
SFE(Da) 144,000 51.200 148,000 148,000 148,000 92,000 91,000
- - - 55~108 (=) | 8~258(m=i#)
R 8~10H 48 10~20H 7~208 168 (i) 13T 1480
= - - - - 8mg/kg/[E (=) 500mg/E 400mg/[El
RE 3~10mg/kg/[E] 10~25mg/[E] 40~80mg/[a] 50~100mg/[A] 162me/El(EF) (K E60kgLL ) (GBET)
wE% REEE BT BT BT RIEFE(EE) | RERE/RT BT
xF 0~6 1~2[E/8 1[El/2:8 1[El/458 B TE(1E/258) (0~458) (0~458)
PR SIS SyLs NAT IV
b:1bi2 AT Ry e PP <- PP PP
NATIL - - Ry
BOES Gl ) a] ) a(ETEF) a(ETiEF) )
MTXED B WA Al Al Al a] a] Al
- 20084F4 A (sH) | 201049 A ()
ERNER 2003478 200543 A 200846 A 2011478 2013438 (K F) | 2013468 (EF) 20124128
() 83,243(100mg) 15,746(25mg) 65,144(40mg) 126,622(50mg) 39,143(162mg) 27,947(125mg) 63,494(200mg)
(2017) (IXLTIL) (o) (o) (D) (D) (D) (o)
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HAETHRTESN TL S KRERE S HR(ADC)

x@E | masg —w& | 978 W mawm | XEE g opm | -
ErMEHICD33E/ P O—F
FLYRITH WHURIZAV T T4y B8 A HEA
XAAZ—5 JhA<AIw # FEATHLHMRGEEN Pyiagey S
2005 Mylotarg Gemtuzumab 153,000 NEEEMEAIH<A NSO 247,984/ 5mg ﬁ%‘);ggﬁ% 7717
Ozogamicin UK UH—ENLTES
SERAEYESHE
RN PUHER2EMEE/VD—F
piras | mree | g | WBEESRYZRI)E ZS0BA00M | weratgts o F i
2013 35BN LR Y CHO THEX ZEHE | ol
Kadcyla Tr;:;t;:;ﬂzb 151,000 (OML)EY S H—E AL THE 373,94;/150m ARA
ABEE-RAEYEER
p7 R0y
TLovELT HERCD30% ASE/HD— ot ‘éﬁ;‘f
TEEMZ TREFY # FIHUKIZARF U (MMAE) e g -
2014 Adcetris Brentudmab | 153,000 | EULh—EALCREASE | O | 465701/50me ;;E'J,{{’t‘j%?ﬁg R ERR
Vedotin =R EE & R e
Y@
L L S At o = /-
RAREFEESRIAADCRED/SA TS/
mBE A—F MR haE BAFE ERBE E=La
Glembatumumab vedotin  |GPNMB FLAA P3 Celldex/Seattle Genetics
VFEAMEKREBHERY > /\[E )
SAR3419 CD19 BRI M)~ S TR £ P2 Sanofi/ImmunoGen
SAR650984 CD38 n&RES P2 Sanofi/lmmunoGen
BT-062 CD138 ZHEBHEE P2 Biotest/ImmunoGen
Pinatuzumab vedotin CD22 FERDF ) RE P2 Genentech/Seattle Genetics
Polatuzumab vedotin CD79B RS F ) RE P2 Genentech/Seattle Genetics
Lifastuzumab vedotin NaPi2B JE/MERaRE AN AL BREDA P2 Genentech/Seattle Genetics
PMSA ADC PSMS ISR A P2 Progenics/Seattle Genetics
IMGN853 ERMZAK (FRa) |[IEAA P1 ImmunoGen
IMGN529 CD37 FERTFE P1 ImmunoGen
IMGN289 EGFR BEFEE AN A P1 ImmunoGen
SAR56658 CD38 E R A P1 Sanofi/lmmunoGen
SAR408701 CEACAM5 E A P1 Sanofi/lmmunoGen
BAY94-9343 mesothelin hRRRE. JREMNA P1 Bayer/ImmunoGen
AMG595 EGFRvII R E P1 Amgen/ImmunoGen
AMG172 CD27L ZHRA A A P1 Amgen/ImmunoGen
ABT-414 EGFR RELELA., BEFHEEE P1 AbbVie/Seattle Genetics
BAY1129980 C4.4a Bz H A P1 Bayer/Seattle Genetics
Vandortuzumab vedotin STEAP1 BISLARDY A P1 Genentech/Seattle Genetics
RG7841 Ly6E Bz H A P1 Genentech/Seattle Genetics
GSK2857916 BCMA SRMUEEHE. MEHNA P1 GlaxoSmithKline/Seattle Genetics
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