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Digitization is transforming our world...
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By 2020, there will be 00% Each day we create

21 billion of the world’s data today 2,500,000,000,000,000,000
connected devices in a has been created inthe last (2.5 quintillion) bytes of data. This
global Internet of Things, 2 years only would fill 10 million Blu-ray discs, the
producing an ever- height of which, stacked, would equal

increasing amount of data the height of 4 Eiffel towers
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The limits of what‘s possible are continuously moving

GPU Image/second training speed 0 Image Recognition Error Rate
60X 28%

5%

10x <5%

1x 2X

2013 14 15 2016 2010 2013 2015
60 times faster

Accuracy of various Machine Learning algorithms Speech Recognition Error Rate
Accuracy -@ Memory-based -#&— Perceptron 27%
-l Naive Bayes Winnow

1.0
0.9
0.8
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Amount of data 2010 2013 2015
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The vision

Video to be added

How would
Amazon
redefine
pharma
quality
operations?
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Digital & Analytics will drive a paradigm shift in Quality towards

real-time release

Digitally enabled
guality operations

WNW

Real-time release

AA based

product mastery

Quiality control operations
supported by advanced 4.0
tools

"Efficient testing”

Deep understanding of product  Quality outcome prediction
quality behavior based on through real-time batch data-
process data fingerprint monitoring

> "Reduced testing” > "No testing"
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Digitally enabled quality operations

Examples
Digital twin QC Digital twin QC
scheduling scheduling
Digitally enabled
guality operations |OT- enabled data

transcription Automation & robotics
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Quiality control operations
supported by advanced 4.0
tools

"Efficient testing”
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Many innovative technologies also emerge in quality operations

e

Sample preparation
automation

New technologies in Pharma Quality (QA and QC)

/IE\

Enabling
Paperless

Instantaneous
Microbial

detection

@

Automation
of microbial
analysis

/\

Automating
intangible
workflows
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Digital twin scheduling enables a step change in Quality control

productivity

X Demand and

' @Manual production data
fed in real time to

QC Schedule optimizer (digital twin) 0ol

Scheduling model _
automatically generate Sta”d%j time the model
0
optimized schedule 010100011101 kil X Equipment
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for manual

Live tracking of test
~  adjustments and

completion on performance

b(')fi.r.d S ff!':] T - | building scenarios
;f' L - ,T_a_b_let | Start  Finish -'
i B TV .
Analyst Analysts track individual '__ ' B +40-50%
tasks on tablet application - Prod UCtiVity
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SCHEDULE" /

o Mod. 1

Beverly H.

Debra R

Howard B.

Kevin H.

Amy L

Keith C

Catherine P,

Henry K.

Lawrence G

Angela R.

DRAFT | Vv

15 - MONDAY

Ormnicil 0,5 MG
Disso
5153

Validation

S1065

Valdation

S1070

Sageneilt S00 MG
HPLC/ Assay

S128

Sageneilt 500 MG
T - FE
Ti-FE

Valhdation
S178

Sagenedt 500 MG
Desso
S1067

Omnicil 0.5 MG
HPLC/Assay

Sageneilt SO0 MG Caryxrun 1MG

16 - TUESDAY

Omnicil 0.5 MG
Disso_machine, Disso
S$1078, 5153

Caryxrun 1IMG
HPLC - PD
5261

Caryxrun TMG
Disso
5178

Sageneilt 500 MG
HPLC/Assay

S128

Sagenailt S00 MG
N-FE
TFE

Caryxrun TMG
Disso
S176

Sageneilt SO0 MG
Disso
S1067

¢ Ommncil 0.5 MG
t HPLC/Assay

Traciigan 0,.2G Exodricy 10 MG

17 - WEDNESDAY

Omnical 0.5 MG
Disso_machine, Disso
S1089, 5153

C Tradigan 0.2G
H Disso
S Sioes

Caryxrun 1MG
Disso
S178

Tracigan 0.2G
HPLC/Assay
S128

Sagenesit 500 MG
Tl - FE
TFE

Caryxrun 1MG
Disso
S176

Exodricy 10 MG
Disso
S1065

¢ Carywrun IMG
+ Disso

18 - THURSDAY

Omnicll 0.5 MG
Disso_machine, Disso
S1078, 5153

Caryxrun 1MG

HPLC -PD
S170

Training
sion
Tradiigan 0.2G
HPLC/Assay
S128

Sageneilt 500 MG
N-FE
TWFE

Caryxrun TMG
Disso
5178

Exodricy 10 MG
Disso
S1065

Caryxrun 1MG
HPLC - PD

yCHEDULING INP

Omnicil 0.5 MG
Disso_machine, Disso
S$1089, 5153

C  Caryxrun 1MG
k Disso
S S176

Train ng
S1on

Tracigan 0.2G
HPLC/Assay
S128
Traciigan 0.2G
Dissa

S1067

Validation

Caryxrun TMG
Disso
s178

b

Video to be added

Unscheduled steps

Evovinavi 1, Omnicil 0.5 -

Disso_machine step 1

Unscheduled batches

Exodricy 10 MG - Production

Omnicil 0.5 MG - Production

Caryxrun 1MG - Production

Tracilgan 0,2G - Production




Augmented/assisted reality is a great tool to optimize
standard times, and strengthen process robustness
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Smontare la parte in plexiglass che
copre gli scivoli, pulire gli scivoli

e la parte in plexiglass secondo
SOP000

" o o~
immagir

Augmented/assisted reality
helps

Reduce standard times through
highly efficient performance
dialogs on task level

- Ensure fast best practice transfer
B and consistent quality
-20- 0

standard time Train new employees quickly




Examples

Advanced Analytics based Product Mastery

Automated data-
trending analysis

AA enabled Deviation
rootcause analysis

rarring s thee cerky

AA based e
product mastery ‘
Real-time deviation
Quality Bots prediction
- Deep understanding of product
quality behavior based on
process data

Uoper
spez. Ik

i
"Reduced testing” L IE”" “ "lhl

X

@An
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Advanced analytics opens new paths to understand and reduce

quality deviations

Approach for pilot Impact Datasets we extracted and analyzed
Extracted data from 17+ data sources 67% People & shift data _ -7 Raw material data
Of - | — 2 ot
Modeled 1,000+ variables including deviations @ : ’DeV|at|on SEBETEE
process, data, people, environment, _ s /
process parameters, etc. explained (
,/ . Process parameters
& 3 T~ - =1 |
Generated drivers of deviations usin 0 L X r( "Uf- ﬂ J [ 1
J 36 /0 e Do —
machine learning algorithms that partly = \| Fl Jd% y 7 Ef%g s
leverage expert hypotheses iati Environmental data 4 '
ge expert hyp Deviation e ggp TF L' J ,ﬂ
reduction j =y g /
-, v A 4) %  Batch genealogy data
Worked very closely with the SMEs on — /'\ N L\ s /
root cause analysis on drivers of v tf.“) ) A I A A A ’
deviations, quantified benefit and Equipment Data e )///'} Ul Medlums and buffers W\
developed action plan |\~ >4 - -

e ;___/—A —

I -
\ -y -
iy P
4 -
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Machine learning algorithms identify significant drivers
of deviations...

B Not significant I Significant

Model coefficient per variable — Primary Recovery

Complexity Feature 1 0,38
Feature 2
Feature 3
Feature 4 -0,30
Feature 5
Feature 6

Equipment Feature 7 -0,16
Feature 8 0,15
Feature 9 -0,09
Feature 10 -0,16

Materials Feature 11 -0,20
Feature 12 0,18
Feature 13
Feature 15 0,19
Feature 16 0,20
Feature 17
Feature 18
Feature 19

People Feature 20 -0,20
Feature 21 -0,19
Feature 22 0

Reduce risk of deviation Increase risk of deviation

A
\4

McKinsey & Company 14



... and uncovers previously unknown product

and process behaviors

Insight 1. Consuming media that has been
stored for a shorter period of time (median less
than 2 days) leads to more deviations

Avg medium storage days < 3
Avg medium storage days >=3

pH decreases more slowly (less risk of
deviation), when older media are used.

Insight 2: The relative difference between
output and input of stage 3 is higher for lower
column loading, leading to yield deviations

 Inmed = miFmt NAArG e Fropnesd mimmom inadinn

Output versus input column loading

2.000

Output - actual IgG

1.800 |

1.600 |

1.400 |

1.200 |

1.000 |

800 |

600 -

400

400

600

800

1.000

1.200 1.400 1.600 1.800 2.000
Input - IgG loading (estimated based on harvest)

Currently 20% batches below (85% loading)
can be eliminated by adding more harvest

McKinsey & Company
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Automation of deviation investigation process leveraging Al

... Topic description
: Amount
. oo / packing
s A ™
Packing

deviation

Lo

Deviation type

S

QC :
deviation = ~

-90% QA

investigation
leadtime

McKinsey & Company 16



Real time release

Examples
Distributed quality control

v N W
\n&}\\\‘\\w‘)\?

Real-time release

Al based Quality outcome ‘
prediction

H 4 ; Quiality outcome prediction
8 5 ﬂ 4 through real-time batch data-
£ P fingerprint monitoring

S "No testing"

McKinsey & Company 17



Quality outcome prediction leveraging Advanced analtyics

QC assay test result

Environment . Process par. . Raw material

B octest [ IPC test

Understanding of key model drivers can be leveraged to

Leovmat Upzer
spac, limit span, limit
a 12
T g
]
ER
@
T 8
T4 o
3 l
oL TN _
18.0 149.5 200 20.5 21.0

Advanced predictive modelling of assay results

Q increase process capability

Drivers, relative importance in %

205

R2 = 0.65 ,.

T T
19.0 19.5 20.0 20.5

200
|

Predicted assay in mg
195
|

19.0
l

Actual assay in mg

Uniformity of dosage

|

Minimum thickness

|

Dissolution

|

Water content of granules

|

Total time granulation

|

Yield after granulation

l

Assay of raw material API

ol

Disintegration

Average weight of tablet

Yield after compression

Weight of raw material

L

Source: Disguised example

McKinsey & Company 18



Product Mastery

a,

Video to be added

M

B Pioduct Mastery

L2 = Ly
_ [#] fuctive Start computation
Probability of assay raw AP outside spec.; 0 -
Sampla size
Maan
% -
a3 m 121 LD =
20 —
£ 15
= Prob of Assay outside spec.: 0
] Std. Dev
= 10+
: .13 : o
5 - 5
o- 1 .
Ban 2B.5 a0 |5 100.0 1005 1010 1015
ASS3Y rEw maen _
i 7 —
£ 1
£
. @
[ Activee =
Prabability of granulation pressure outside spec. 0 7 -
k'] Maan
a0 . s " 1+
- 25 -
é n 0 - 1 1
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=
10 o 2] _ ALEay
: K T
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30
25
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g 1
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] 1 I
0 2000 4000 6000 2000 10000
Total ima granulaion
u Artive
Probability of disintegration cutside spec.. 0
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Distributed quality control sets the basis for Al enabled real-time

product release

New Biogen Solothurn API plant

Foundation

Extensive understanding of raw materials, process, and product
characterization

A fully-integrated control system

RM Raw Material

PQ Product Quality
MA Multiattribute Assay
DS Drug Substance
RLS Release

RM lot screening
and genealogy, Media/buffer  Bioreactor: in-line
Rapid ID control Raman, capacitance

. I - 4
\" i ;m

iB:L

Prospective Consistent cell growth = Refel X0

RM control consistent PQ and Titer

or model)

assessment (LC-MS

HIC: Aggregate control UF/DF: in-line protein concentration

! ilmn rmm:l7 é
reactor

DS
Release

Product Quality predictions Rapid

PQ assmt at right time

'—i-—' -

Multivariate analysis for process monitoring and disposition
decisions Predictive model for quality and/or feed forward control

Realtime moni-
toring and control

Variable input OISR -~ oy Variable output

Robust

and adjustable
process

Source: OSISOFT — EMEA Users Conference 2017 London
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The opportunity is substantial

Digitally enabled
guality operations

AA based
product mastery

\\&\\\\\‘y/‘
Real-time release

Status quo
Release lead- 15-20 10-15 5-10 1
timel
Days
Quality 3 sigma 4 sigma 5 sigma 6 sigma
robustness
(% RFT)2
Cost (indexed) 100 60 - 75 40 - 60 20 - 40

1. Bulk release lead MME
2. E2ERFT

McKinsey & Company
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More than half of companies have not started pilots yet, and risk

tolerance or aversion has not made a difference to progress
Companies, n=13

Bold innovators
rewarded

Experimenting
frequently

Risk taking rare

Only true and
tested

Progress

Not started

Early
discussions

Pilot Implementation
roadmap

Fully delivered
strategy

McKinsey & Company
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How to make this a success

ROZ  Make it a business opportunity, not a technology problem. Keep your eye on

Il the business value.

This is an innovation project which should have a vision — not just pilots

Give innovation a home — lighthouse, CoE

) EID@E@

B

Make Quality digitization strategy a cross-functional exercise — lead by
quality, but involving R&D, production, IT,...

L

A

Build an IT architecture strategy, but don'’t “boil the data lake”...

years. AND define the new operating model.

@@ﬁ] Understand the ‘digital skill and resources’ you need to build over the next

...and do not forget the change management!

McKinsey & Company 23
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Thanks to digitization and technology advancements, 60%
of operational tasks can be automated

Time spent in manufacturing on activities that can be automated by adapting current technology

%
87
78
60 60
37
15 19 I
m O
14 8 | 8 | 22 on 34

s | R S .

Ma-  Expertise Inter- Unpre- Collect data Process Predictable physical Total
nage face dictable data
physical

Current automation: 3%
(US, Germany, Japan)

Source: US Bureau of Labor Statistics; McKinsey Global Institute analysis , WEF, International Federation of Robots; World Bank McKinsey & Company 25



Digitization and automation will transform quality control work in
the lab and on shop floor by introducing new ways of working

Digitally enabled labs + Automated labs - Distributed quality control
QC LAB o NEXT GENERATION PHARMA
: 1 MANUFACTURING LINE

water / air

S
g — Instantaneous G raalti
Automated microbial ]— Parametric real-time release
SRS detection for 5 ol lalul Lt b
Prooucy } :‘,7 -
o — -

Automated settle-
plate handling

Robotic Process |
Automation for
CoA creation

Automated Al /
machine learning

.y Automatic —\ ‘ enabled process
_ o sample ' and product
L5355 W preparation & |- Real-time capture of process "

parameter control

processing and product parameters



