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10 years with RT-MSPM in biopharmaceutical manufacturing using SIMCA-online: The Journey...
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You need to
refine it to
increase its value
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HOW RECEPTIVE IS YOUR COMPANY TO DIGITIZATION?

AMGEN
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YOUR JOB IS
“DIGITAL
TRANSFORM-
ATION.”

IT'S NOT JUST
ABOUT
DISRUPTIVE
TECHNOLOGY.
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WHOLE NEW || ENTIRE

WAY OFf ORGANIZATION.
THINKING.
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DIGITAL TRANSFORMATION IS UNDERWAY IN OUR INDUSTRY:
SLOWLY BUT SURELY

Are businesses ready for
the digital future?

In partnership with Intel and Vanson Bourne, we polled 4,600 business leaders

across 40+ countries and 12 industries to assess their digital transformation
efforts.

This Digital Transformation Index maps today’s digital business maturity levels.

Digital Digital Digital Digital Digital

Laggards Followers Evaluators Adopters Leaders

No digital plan; Very few Gradual digital Mature digital plans,
limited initiatives and investments; transformation and investments and

: i ; A i 5 in DNA
investments tentative plans planning innovations in place

2018 .
9% 30% | - 33% 23% 5%
of total f‘espaﬂdenfs of fotal féspondé'nfs of total reﬁpﬂndé‘nfs of total respon dents of total respﬂnd&'ﬂ is

www.DellTechnologies.com/DTIndex

Digital ingrained

A mere 5% of
organizations have

been categorized as
Digital Leaders, the
same as 2016.

AMGEN'
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http://www.delltechnologies.com/DTIndex

AMGEN’S MISSION
IS TO SERVE PATIENTS

OPERATIONS:
ENSURE SUPPLY

RELIABILITY

Deliver Right-First-Time on commitments

EFFICIENCY

Utilize s optimally

i el

AGILITY ' .
Ay

Speed and adaptability

DIFFERENTIATION

Design and deliver superior products and se
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OUR STRATEGY IS INNOVATION
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Patient Centric, Progressive |\ Data & Digital Partnerships Talent, Infrastructure

Attribute Focused Manufacturing & DErnaterialil'z,:"*..,il_un Jechnologies
Drug Delivery




PEPTIDES

SMALL MOLECULES

THERAPEUTIC PROTEINS

MONOCLONAL ANTIBODIES BISPECIFIC ANTIBODIES CART CELLS FUSION PROTEINS BiTE" ANTIBODY CONSTRUCTS

PEPTIBODIES ONCOLYTIC IMMUNOTHERAPY VIRUSES ANTIBODY DRUG COMNJUGATES LISTERIA-BASED IMMUNOTHERAPY RNA INTERFERENCE



Data Generation is Everywhere

POTENTIAL TO INCREASE EFFICIENCIES AND AGILITY OF PROCESS &
PRODUCT DEVELOPMENT USING DIGITAL PREDICTIVE TECHNOLOGIES

Commercial Process Commercial Commercial
Pre-PT FIH Development Clinical Support
P PP Development Advancement Support
Design | Qualification | Continued Verification

Cell Line
Development &
Selection

Increased data flow, digitalization and predictive computational models used across the product lifecycle

Planning Patient Centric First principles - . Robust design Process and
predictive modeling Predli:)l\rlz_rrnpzdelmg (6 Sigma) Pfroduct
(reduced wet exp.) Performance

Analytical data on Management

attribute levels

AMGEN'
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WHILE WE ARE DECREASING THE FACILITY FOOTPRINTS, DATA
SIZE IS INCREASING WITH ADVANCED SENSORS

PLANT SIZE
echanica .-.
- . DATA SIZE
~80% size reduction . g
Flexibl y
120k sq ft
Conven tional Facility
750k sq ft
AMGEN'
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WE TRANSFORM DATA INTO ACTIONABLE INSIGHTS

The Impact
The Challenge The Outcome ‘ P
o ® AN
.. . . o _.- [ Actionable data analytics ]

. aa

®
Different data at different

® sites on differentsystems

@,
oco0°
IS Infrastructure
Investment

N

N

- —

[ Productand process insights ]

Accessibility and
aggregation of data to
drive innovation

[ Differentiated processes and products ]
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BETTER DATA IS GENERATED DAILY:
“DATA-RICH TO DECISION-SMART”

MODALITIES )
i t Y # )mw Technologies

&f@.’mﬁblﬁ'PRODUCTS Corlanor.

Amnesp 1M LYGFggadmpem} oo
""!"'D ensipar Re

B &N{EPOHINW ‘HZVLE(%ASTJ ﬂﬂﬂﬂﬂ ﬂi?h}wm‘"
N lat .mm i

Prate YGEVA 'ossiol %orolia

h Computational
Power

~800,000,000 new
data points per day

Learn from data across scales, sites, products

Decrease variation, potential NCs and experimental effort, increase quality and productivity



SIGNIFICANT AMOUNT OF DATA IS GENERATED DURING THE
MANUFACTURE OF OUR PRODUCTS

Upstream Cell Culture Process Downstream Purification Process Drug Substance Testing > 5 OO
1

\_*" i,i@ﬂ — %n n gé QC Entries
> 2000

Batch Record Entries

> 500 Million

Continuous Data Points

Drug Product Testing Drug Product Packaging

AMGEN'
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BEFORE: THE RT-MSPM TRANSFORMATION

* No real-time statistical monitoring of multiple
process variables and steps

* Limited capabilities to anticipate/prevent
issues that could result in NCs and downtime

* Missed opportunities for quickly identifying
process improvements

* No network-wide remote support for real-time
process monitoring

We embraced the challenge to address these gaps with a GMP-capable monitoring platform

AMGEN
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TECHNOLOGY ROADMAP:
A STRONG PROCESS MONITORING FOUNDATION

Value Chain Optimization
Fully integrate data from supplier through patient to control
and optimize desired outcomes

Supervisory Control
Optimize performance across all unit operations
via distributed adaptive controllers .

Adaptive & batch-to-batch control
Yield and Quality optimization, Real-time release;

«
leverage PAT and first-principles models o

A

Predictive monitoring
Operational, performance and quality predicti
Batch-to-batch Improvements, CPV

We are evaluating technology and advanced modeling
approaches to advance along the curve in 2019 and
beyond

Process & equipment

consistency monitoring
Prevention, fast troubleshooting

Program focus has been on operationalizing RT-MSPM as
a GMP system across nearly all Amgen plants

Improved Control, Reduced Variation,
Reduced COGS

Technological Maturity AMGEN

Digital Integration &
Predictive Technologies
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TODAY: AFTER THE RT-MSPM TRANSFORMATION

RT-MPSM is a monitoring platform across our manufacturing network

A GMP-enabled global platform using multivariate
statistics to generate real-time process insights from
large volumes of data at our manufacturing plants Success by the numbers:

- Launched at Amgen years ago
- Deployed at " manufacturing plants
- trained users

- models covering operations

RT-MSPM has enabled monitoring equipment and process variables to detect weak signals




RT-MSPM TIMELINE

Completed a

pilot in DS MFG First cGMP
Upstream instance went
* Amgen OE live at ARI!
Assessment

“Best Practice”

Offline MSPM Approval to
models implement at
introduced for ARI single-
troubleshooting product DS
cGMP

* Amgen OE
Award Winner

CIOI00

* ClO100

Award in

Technology eCPV and Data Lake
Innovation in connections made for

Healthcare advanced monitoring

First use of the tool for First Completed
an NPI Tech Transfer Commercial DP network-wide

[ PROVIDENCE BUSINESS NEWS Implementation rollout

RRRTIION

AMGEN'
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ON THE FLOOR EARLY WINS

Perfusion Bioreactor Viability RT-MSPM detected pressure
Decline (~1sd=3%) was fluctuations. Actuator
investigated and a potential root assembly on pressure control
cause was highlighted, quickly valve was fixed averting a
isolated to a single skid and contamination in skid and
eliminated eliminated

|dentified a high variability in a
bioreactor control point in real-

time, replaced flow controller
and reduced variability in the
next batch

MV Chart of a Batch with ions Contribution Plots to the Variation = Major contributor is identified o e | J ’ l
|_ P r (Aeration) . . i L] Tk i — s - .
| 4- WY A 2 1 ||
] "y ! e § | - 3 . .
> : Rl — ' : / .| RT- Diagnosis
® — 11 P
- . Py oo
; | 5UD i C TR : ‘ g A :
Faed Temparature and Retentate Temparaturs are [ e et vt s 138 1) -] b =R
MV Chart of a Batch After Issue is corrected higher than average for the batches with low final VCD e 9 17 b — e
. (following batch(es)) ! x AU Sy, “Ret. Temp. : S
‘ : u : Correction
Fa. ;D — -1 i
b - S ——————
| Real-time diagnosis RT- inspection
|
Mk,




ARI 2009: FIRST CGMP IMPLEMENTATION APPROVED

3 people + big dreams, demonstrated:
- Built avisionary, innovative

Iead er SponsorSh I p Administrator: Command Prompt
. Microsoft Windows [Version 16.8.14393]
Perseverance {(c) 2816 Microsoft Corporation. All rights reserved.
- Business potential with real data C: \WINDOWS\system32>

- QOrganizational agility
« A committed software partner
« C:\>pipe || DOS prompt

MSPM Provides Efficient Means of Process Supervision

Be careful what you wish for, you might get it!

AMGEN
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OPTIMIZING TIME-TO-MARKET IS ESSENTIAL TO CAPTURE VALUE
MANY RT-MSPM TECHNOLOGY SUSTAINMENT OPPORTUNITIES EXISTED AFTER GO-LIVE

FIGURE 4.1 Traditional Cost Behavior and Approach to Process R&D in Pharmaceuticals

T Product
Launch
nit Manufacturing E
Costs i
g | Initial total cost of
o P Capacity .
= 1 Increases to
4 Unit costs fall with cumulative ' meet peak year Capital Expenditures O W n e r S h I p (O r
2 experience, increasing scale, — i demand . n "
-§- and process optimization : \ expend ItU reS) IS typlcal Iy
Y ! c c c -
48] ]
Process engineers focus on ! hlgh In IntrOdUCIng neW
getting process transferred — ! : .
and adapted to plant Processdcelpgmeers focus teC h NO I 0 g |1es
; on adding capacity
' il New process developed as
Process R&D : generic competition looms
e . eooe . : . . . . : >
Discovery I 11 111 \/ 1 2 3 4 s 6 7 8 9 10 -
R&D Preclinical Clinical Trials Regulatory Years after Launch
Development Approval
* G. Pisano, The Development Factory, HBS Press, 1997. AMGEN'
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RT-MSPM: HOW IT WORKS

L] o P WA T | - el N

N i VA e B ) .,},\/M/‘ Leorf NN

2. - i
N g\

V 'J'“.Jru" Oy Basq i

Trained model builder collects
representative historical data

Multivariate stats are used to go from
many to few variables for monitoring

% st
| l: §

Model is loaded to plant server and
connected to raw data sources

B ren
T WY .,
| L | 1.-"""'-J o
o it s e

5
1 1= .
AL
GIRTRIETE & e bt
UV Sy g et/ o

Software applies multivariate
algorithm to real-time data for
monitoring new batches

Trendss are viewed live on plant floor

monitors, individual computers and NOC

Variable Contribution

Multivariate alarms highlight weak
signals; users drill into data to explore

25
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RT-MSPM: REALITY — THE CHALLENGES

Resourcing

N

Expertise

26



WHAT DOES IT TAKE?

The foundation
e Hardware and software enabled & functional

e Validation and supporting documents in place

g
. @
The experience s .
== ¢ On-demand models for relevant products & *
processes ¢
e Optimal alarm strategy .
e Exceptional user experience
(& The people .#.#. The business
=% e C(lear roles and responsibilities ‘INH\ e Business processes for monitoring,
e Support for models and systems responding to signals, and communicating
 Feedback mechanisms in place findings

e Users are trained and empowered; desired
behavior is rewarded AMGEN
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CASE #1: LOWERING TOTAL COST OF OWNERSHIP

LEAN PRINCIPLES APPLIED TO PROCEDURES TO IMPROVE MODEL AND SOFTWARE ROLLOUTS

Value stream mapping and waste reduction exercises led to several significant

Improvements:

Systems/documents
Consolidated from site-based to global system

/5 > 13 documents

Model launch
Removed conservative and unnecessary SOP steps

2-4 weeks > < 1 day

Software upgrade
Leveraged vendor testing and global structure

5 > 2 months

Automated modeling
Used Python/SIMCA to reduce manual modeling

28

Update a model in < 5 minutes
AMGEN

Digital Integration &
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CASE #2: A CONCIERGE SERVICE FOR EVERY PLANT

LIAISON PROGRAM INTRODUCED TO IMPROVE ENGAGEMENT, COMMUNICATION, AND SERVICE

Structure put in place to ensure

©
strong connection between o £

@)
program team and local plant < £
teams/users, and to empower p—

plant staff to take program
ownership

03 Onsite
Hardware

04 Training

08 System
Trouble
Shooting

05 Modeling
Initial

09 KPI

Reporting

10 Observ ation
Reporting
—
29

G

£ Iant teams

(1x per plant){

M

AMGEN
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CASE #3: IMPROVING MODEL COVERAGE

USING A MACHINE LEARNING APPROACH TO ADDRESS THE SMALL DATA PROBLEM
FOR TECH TRANSFERS

Hardware ! \  Software \
Generate Low-N —>  Med-N > large-N !
data in silico "
" A R Il i
i

O Real data (:) In Silico data

O Time-variant scaling

“u . ” ©
IntelllgentlY ° .///. to expected data
scale-up sending

trajectory at

& - .
site data o destination site
Sending site Receiving site
*A. Tulsyan, C. Garvin, C. Undey, “Advances in industrial biopharmaceutical batch process monitoring: )
Machine-learning methods for small data problems,” Biotechnology and Bioengineering, 2018;115:1915-1924. AMGEN
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CASE #4: FORMALIZING A RELATIONSHIP

[ Training ]

Next-Gen Stakeholder }
[ Platform POCs Engagement
Model }
Coverage
[Strategy/Roadmap RT-MSPM
Alignment @Amgen Program
Advancement

Software Evaluation
and Feedback

User Experience
Improvement

[Transparency]

AMGEN

sartorius

How we engage with Sartorius

Shared goals to drive both companies’

visions

e Amgen-conducted POCs will help test
next generation of software

Increased transparency
e Site visits (ARI, ATO, ADL) have led to
improved understanding of customers

Re-initiated Sartorius product-focused

meetings with key Amgen users
* Has led to collaboration on prescriptive
maintenance application

Customer Advisory Board participation



PLATFORM IS PRIMED FOR FURTHER ADVANCES
IN 2019 AND BEYOND

RT-MSPM platform is lean and » Esxmgfeeé ?ne(?(!lc;yl/rl?peg;ctgsmlnutes
efficient Rapid response to user needs
‘ii‘.‘l'r. We have driven significant growth Nearly 1000 users ( in past year)
ﬂ of users and models and 350 models ( in past year)

- Relationships have been ‘Ligison’ program implemented to
./;\. established with key users and » improve program-to-plant support,
“—* vendor; staff are empowered to communication, and feedback loops;

T A Sartorius SRE pillar established

AMGEN
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User Experience &

Total Cost of
Ownership

AMGEN
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MANUFACTURING 4.0 STRATEGY

Simplify, digitalize and
digitally integrate

De-materialize: Miniaturize,
virtualize, smart and wireless
Sensors

Advance predictive
technologies and Al (including
intelligent robotics, AR)

Invest in talent: Acquire and
develop new skills




TECHNOLOGY ROADMAP:
A STRONG PROCESS MONITORING FOUNDATION

Value Chain Optimization

Fully integrate data from supplier through patient to contr.
and optimize desired outcomes

Supervisory Control
Optimize performance across all unit operations
via distributed adaptive controllers

Adaptive & batch-to-batch control
Yield and Quality optimization, Real-time release;
leverage PAT and first-principles models

Predictive monitoring
Operational, performance and quality predictions

Batch-to-batch Improvements, CPV We are evaluating technology and advanced modeling

approaches to advance along the curve in 2019 and

Process & equipment beyond

consistency monitoring
Prevention, fast troubleshooting

Program focus has been on operationalizing RT-MSPM as
a GMP system across nearly all Amgen plants

Improved Control, Reduced Variation,
Reduced COGS

AMGEN'

Digital Integration &
Predictive Technologies
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THE FUTURE - EXAMPLE #1
OPEN-LOOP CONTROL WITH HUMAN INVOLVEMENT — SMART RECOMMENDATIONS

Real-time model detects an Cognitive computlng alg(_)rlthr_n “Smart” recommendation
atypical multivariate signal during searches company-wide historical provided to decision-maker
L bioreactor operation data for S'Tgi;epx"’t‘ttems and who determines next steps

e .
Iy 3

@j Action is taken as needed

by manufacturing staff

AMGEN'

36 Digital Integration &
Predictive Technologies




THE FUTURE - EXAMPLE #2
CLOSED-LOOP CONTROL WITH FULL AUTOMATION

Real-time final yield prediction

Model inputs (batch conditions)

: a - -
Raw materials Seed reactor Production reactor Column 1 Column 2 Bulk DS

= ‘\_—A—J

Instructions to process equipment to optimize yield
(loop continues throughout process)

AMGEN'
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WE LOOK TO SARTORIUS FOR... oomnoiute:

ML and first Easy to develop, deploy and

Integration principles models sustain multi-block,
with AR hierarchical models

Explore beyond
traditional

monitoring

Flexible, open
platform

Integration with
Improved KM, control systems
intelligent alarming

and recommendations

to users '

Fit for our lloT
framework and

seamless integration of
g AMGEN'

Excellent and -, advanced sensors and Digital Integration &
Configurable UI PAT Predictive Technologies




Parting
Thoughts

AMGEN'
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WHAT SUCCESS SOUNDS LIKE

This is a really
RT-MSPM provides powerful tool that
staff with process allows us to better
knowledge where and understand our

when they need it. processes.

SIMCA is engrained in
our plant culture. | set
the expectation that
we use it as part of our
daily routine.

RT-MSPM is
aligned with our
vision of the
manufacturing
plant of the
future.

Manufacturing staff to VPs regularly use RT-MSPM to monitor operations and make informed decisions



WHAT SUCCESS LOOKS LIKE

Potential Production Bioreactor Contamination at ARS
Enbrel SFF is prevented using SIMCA-Online
0 Contamination avoidance in bioreactors T g 3 - i'
0 Early detection of Lyophilizer heater failure before product intro Vi Il = lh_—l
. "'\-\... | - 1} e = |n‘mliu“
g 0 UF/DF leak detection i e T
N O Bioreactor vent heater failure early detection v
8 After Induction Timing Awareness, induction related
o oscillation ceased. ~3% increase in normalized Titer
7, O Titer increase due to bioreactor seeding density optimization _
o) e s . . . e .. | Zecrense postindection fihing awarendss
= O Titer increase due to induction timing optimization 0 A a5 -
g O Optimizing batch production output while minimizing PQ risk e \[§=k ‘**\ &
n — E
(aa] “
(o) O Quick troubleshooting of mfg issues in real-time - R AR
. s Monitoring in ASM with ATO data
3 O Faster NC resolution due to ease of access to data and ability to . g -
o compare to historical batches . | Al |
|Z' 0 Downtime avoidance on filling line due to detection of = |
equipment issue during decontamination cycle T — ' ‘
. | pe—— | 1
O Tech transfer support | Al
O Preventive/condition-based maintenance 4
AMGEN
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SUCCESS IS A PARTNERSHIP...

Y7

SKILLS 2
—' PROCESS

TECHNOLOGY ™

Predictive Technologies



CONTACT US

CENK UNDEY

Executive Director, Amgen

Thousand Oaks, California, USA
T: 805.447.0955 e E: cundey@amgen.com

CHRIS GARVIN

Principal Engineer, Amgen
West Greenwich, Rhode Island, USA
T: 805.447.9617 e E: garvinc@amgen.com
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