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EHMHER Compliance

!WEGVVE!'ECH Flus MR FDA Quality Good Manufacturing Practices
Risk Management i cGxP GMP MedWatch Plus 21 CFR Part 1271
CFR11 Risk Assessment Quality Assurance
eMDR Pharmaceuticals Change Management

FMEA ISO 14791 21¢crr11 Gxp
Good Manufacturing Practice GMP
FDA Submissions Blood Services
Regulatory Compliance Software
Complaint Handling Risk Assessment

Medical Device 21 CFRPart 1271 Compliance
Failure Mode Effects Analysis 1ISO 14791
Llfe SCienCES Blood Services

21cer11 @Validation
Quality Assurance Software
15013485 Good Manufacturing Practices
Pharmaceuticals 21 CFR Part 1271
Risk Management FDA Submissions

Medical Device Regulatorl){ Compliance
Complaint Handlingjevaiidation

18881

Life Sciences Regulatory Compliance FDA Submissions

rvea Medical Device Reports
Pha.rmaceutlcalsz»] CFR Pal’t 1 1cGMP

Biotechnology
eValidation Failure Mode Effects Analysis

Complaint Handling
Medical Device FMEA
FDA Regulations
Biotechnology
Electronic Submissions

2 1SO 13485 G

CER 11 Compliance

Biotechnology Llfe SCie NCes 21cr11
21 CFR Part 1270 ¢GMP FDA Submissions

Medical Device svea MedWatch Plus
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SEPARATED FROM THE PAST.




=F

Expertise, Resources and Technology
Brought Together for YOUr SUCCESS
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Population Additional Chronic
to increase by 20+ year olds diseases
billion million of all illnesses
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Healthcare spending to double’
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Moie-breakthrough
drugs and devices ﬁ.‘.l.l.’.*ﬂ.%
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OPTIMIZED APl | ...
PERFORMANCE
Improve the
bioavailability
DRUG ..................
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Therapeutic % Orphan drugs

competition

Complex

medicines Personalized
medicine
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WAVE OF INNOVATION

Future
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Process
understanding

CcMC
regulatory
oversight

CGMP
regulatory
oversight

Company's
quality system

Postapproval
change

Process
understanding

CMC
regulatory
oversight

CGMP
regulatory
oversight

Company's
quality system

PAC to
continuous
improvement

Process
understanding

cMC
regulatory
oversight

CGMP
regulatory
oversight

Company's
quality system

Continuous
improvement
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Sales & Marketing

‘Self service’ (the patient
as an integral component
of the supply chain)

---

Patient

‘Assembly line" production Distribution E-prescribing (POS
Formulations that are (disposable companents, Quality by structure and  Flexible data for supply
easier to manufacture Design & PAT) and continuous manufacturing  technology ~ production  chain planning)
: b ecmameees b s ;
'|,II'I.II i .II', : i . | 'l. i | II'.
i Planning'and Collaboration! ' |
| o ¢ \ I', I'l I'| ¢ ' . |}
\ \ \ | | \ \|
- 1 \ IIII \ LA (R 'lll'
\ Vol | LA I \ W
& g '-,H'.I Raw \ | | Secondary/ | \ | ‘ \\
7 r | Materals/ || API || Packaging |/ Distribution /|  Service ||
L. /| Intermediates | | [ [ [ /]
{f / 'I i |I || II ! |I
{ | II I I { |I |I {
| | | / / lll I| /1
ll T lII i , ,'I { .'I [ ..‘ .'I |III , ? | .':
| , | | People and Skills ! : e
T i Information Systems ~ # i | xl
Computer modelling Flexible Dynamic sourcing, Aligned New ‘patient Internal and
(‘.fer_'.-al process de'u'Eprﬂ_Eﬂt- production micro-processing performance  interface’ external
facility design and validation, technologies and management  technologies collaboration

Quality by Designj aumbering up
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Primary (bulk drug substance) manufacturing Secondary (drug product) manufacturing

APl manufacture < Blend/mix

Continuous manufacturing’

Small
molecule

Process analytical technology

Products with improved drug
delivery systems

Green chemistry
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“Upstream’ "Downstream’”

|
|
Cell culture/ - |
fermentation Purtyite A | n U H mf

Continuous manufacturing'

Large

molecule
(biologic) Process analytical technology

Sinole-use systems? Combination products

Alternative production] Alternative DSP?
inethods techniques




Continuous
manufacturing

Process analytical
technology
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Combination
products

New products

Single-use
systems

Products with
improved drug

delivery systemi_

Alternative downstream
processing techniques

Alternative vaccine Other advances
and therapy

production methods

Green
chemistry
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are your facilities
up to speed?
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} Product Automation Process Compliance ‘
Solutions Solutions Systems & Validation

=)

o Impact of FoF

ARRI) B




PROCESS
TECHNOLOGY

Process equipment,
process infrastructure (clean
utilities, CIP-/SIP-systems,
chemical supply),

piping technology,

emission control,

waste water treatment,
waste handling

CIVIL, ARCHITECTURE

Structural works (concrete,
steel), civil construction,
finishes, cladding,

site development

LOGISTICS

Warehouse- and storage-
management and -control,
transportation systems

BUILDING SERVICE
SYSTEMS

Cleanroom technology,
ventilation, utilities,

fire protection installation,
building automation,
electrical and
communication systems

PROCESS CONTROL
ENGINEERING

Instrumentation, process
automation, manufacturing
execution system (MES),
vertical integration

LAB FACILITIES

Equipment and furniture
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Higher titers, smaller batches, higher
potency products, complex delivery forms
all challenge the traditional paradims in
the way we design and operate
manufacturing facilities.
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Air Handling Environments Solutions

* Make-up air handling e Ceilings, floors, ® Design & engineering
e Filtration walls, accessories * Production

e Clean air ® |solators * |nstallation & service
¢ Decontamination e Compounding solutions e \alidation

e Air showering ¢ \Weighing solutions * Monitoring

e Special solutions e Biosafety (BSL) ¢ Maintenance

containment solutions
e Modular construction
¢ Mobile solutions




Sampling Area ——
(Goods receiving)

Design and construction of entire
process manufacturing steps to
total production lines.

GMP-Layouting

Filling Area

Packaging Area ’

Storage / High Bay Warehouse
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Process Flow Supporting C&Q

DESIGN

Risk Assessment Phase |

URS & Design

SOP/Legacy

FAT

SAT

Risk Assessment
Phase I

CP

C Test Plan

CP

STM

M

Report
M

v

W

QP

Q Test Plan

QP
Report

—> DOE

Enhanced Design Review
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More companies expect that
their production processes will be
largely or completely
automated/computerized
in the years to come.
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sneedvz5 Pharma 4.0

Manufacturing

Technology

.y Quality
:’garma- g < Regl."atory

souticals Collaboration omp" ance
4 v with the .\‘\,
4 Continuous ‘Regulators S

: :
¥’ New input devices ~Manufacturing
;" & operating concepts
(augmented réality)

o,
5 Drug \
CRYV

/ Shortage %
Biotech— . Initiative

. Manufacturing ~ Quality Metrics',
. “(APR, PQR)
’ . Single Use . E-l : ti
Y,;Llfecycle Sma'rt v Mobile, Systems N b !ons
Control Equipment  devices T
‘ , . ¥ ._Data Integrity”
Best § = — . Drug Application System"i‘
- snt > S— A% g g } |
Giobal ‘ ' Practice content ‘!\ ' .CMO ]
Process I ;e N I ! . : “"
Integration®gs e _Integration " Personalized medicine l‘g

!

Harmon;zation Standardizdion-_q P h arma ‘
Standardization 4.0

—
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More manufacturers will invest
over 25% of their
New plant total budget for plant-floor
IT/Operation systems.

Process Automation*
¢ |[nstrumentation
e P C systems

e SCADA systems

e PCS/DCS systems

e MES/ERP systems (SAP)
e | IMS systems
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ERP
Enterprise
Resource
Planning

MES
Manufacturing R
Execution
System

Plant Level

Operational Planning
and Decision Making

0CS Unit Process Level
Open Operational Monitoring
%"‘f” ol and Control System
Dystem
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More and more companies will give up to
make-to-stock (MTS)
and will be heading toward
make-to-order (MTO).
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Plant Data Warehouse Is the “Single
Version of Truth” of Plant Data Integration

Batch IJ roces |Productu rouble Plant sC Proces IJ
Iliv—en;)-w lfﬂ” 'Lﬁ‘ﬂﬂm Lfﬁ_ En/t"j] Decision MOH Improvement Optimization

Business Reporting Plant Analysis Function Analysis

ISA95 Level 4

Supply Chain and Quality Supply Chain Engineering
Enterprise .Res. Planning Data Warehouse Data Mart Data Mart

Deviation Mgmt Supply CAPA Quality

QMTS Chain Data Mart Data Mart

ISA95 Level 3
Plant Data Warehouse
Manufacturing Execution

MES :
Batch Analytical

Asset Mgmt Testing
(CMMS)

Laboratory Info Mgmt Confinuous Hsset

(LIMS)

Data Acquisition

ISA95 Level 2/1

Process Control

Continuous Historian

Plant Data Warehouse Function Data Mart

Souice Sysiem

TR 25— JuRFE | HiE T8N




* Active Pharmaceutical Ingredients

« Biotechnology o -

+ Disposables . Commlssmnmg & Qualification
+ Oral Solid Dosage * Containment

* Process Analytical Technology & Lifecycle Control Strategy * Critical Utilities

+ Product & Process Development * Sustainable Facilities/HVAC

+ Sterile Products Processing : EaQKa?i'\f;'Q t
+ Project Managemen

* |nvestigational Products
| * Operations Management

* Process Validation Teams
« PQL|
« Regulatory & Compliance Committee
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F DA & I C H QbD / Risk & Science based Approach of the FDA & EMA

ICH Q 8 (R2) Pharmaceutical Development
Roadmap ICH Q9 Quality Risk Management
= ICH Q10 Pharmaceutical Quality System
m L o e Ty M i ICH Q 11 Development and Manufacture of Drug Substances (planned end 2016)
> ICH Q 12 Technical and Regulatory Considerations for Pharmaceutical Product Lifecycle
Management (planned for June 2018)

FDA Quality Related Guidance and Initiatives

Initiatives
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Process Control Strategy 5
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EERUCHTRESREN

Formulation Development

Analytical Services
Project Management

Technical competence

Process Development
Clinical Supplies
Commercial Manufacturing

Cost-effective solutions

Irﬁplementmg .
in Sterile
Manufacturin

] nllh”l“ll” { .

McPherson, USA

= Biologics & small molecule fill & finish e

/
/

El'

# (linical & commercial supply to 45+ local markets o \
Zagreb, Croatia

Liscate. Italy ﬁ

e On-site development and bio-analytical expertise &

® Advanced lyophilization capabilities ®-
o Flexible labeling and packaging
® (old chain management @

® (P Release services @




FoF -- Smart Factory — Pharma 4.0

Manufacturing

Technology

Quality

Pharma- . \\ _ Reg u |at0ry

couticals Collaboration & Compliance
; with the :

C,gnti‘hdbﬁé B ‘Regulators

P’ New input devices . -"Manufacturing ‘ ‘
~ & operating concepts Drug

(augmented réality) : Shortage 2

__Bioteeh- i *_ [Initiative
. Manufacturmg S Quality Metrics™, : “_
/ (APR PQR) “%
1,5“' 4 3 \ % .
. i Single Use ‘ A
f ifecycle Smart ’ MOblle sygStemS E |nspectl0ns Sma" |Ot Sizes VI.\I BUS|ness
Control Equipment devices B : More product
. Data Integrlty \
. Best  we \ . Drug Application System
\ < \ g |
Global Practice content y \ | “\
Processgi ' lntegr% ™ 4 \ 7% .ICMO . .p |'  drmedic: i
Harmonization | Integration ersonalized medicine |
Standar iz on ' Ph arma! | | ”

Standardization | 4.0




technologies.
better outcomes.




Automated systems Sterilization

cleaning

Water systems Depyrogenation

Process utilities Automated cleaning

iInspection

Automated inspection

Implement processing

next horizon
of operational
effectiveness

Disruptive /\ Transform
' into a digital

technologies
company

Adapt business

models to capture
shifting value

pools

Pharma 4.0




Data, computational power, Analytics and intelligence

and connectivity = Digitization and automation

= Big data/open data of knowledge work
= [nternet of things/M2M = Advanced analytics
= Cloud technology

Pharma 4.0

=FT

Human-machine. interaction Conversion to the physical world
= _Touch interfaces.and = Additive manufacturing
next-level GUIs (i.e., 3-D printing)
= Virtual and augmented reality = Advanced robotics (e.g., human-
robot collaboration)
= Energy storage and harvesting




Pharma 4.0

Technology driven People driven

Insight

Translate and connect  |dentify value driver | Derive action plan  Track progress and financials

H
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Environmental Monitoring System (EMS)




Operation Systems

it
#
&

Corporate ERP/MES Asset Adv Analysis Corporate
Storage Management § & Simulation KPI
) [E— ) () () [

Energy Information

Contactless
Software
Marshalling

EMS Application FMS Application Corporate Energy Management

with peace of mind ' Embedding (CEM) Application
Validation Good Engineering Practices (GEP)

- Critic T.:.nmm
| - - ! EMS
. {wired or wireless)
Mo =rE L
K \
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Industrial
Automation

NISE Aut@mation

N~
Smart Factory

Industry 4.0
Intelligent System

Internet of
Services
oS




Internet of
Services

<>
S
Smart
Material

Sical productio”
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Smart
Product
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Management
Level

NISE 3600
PBOX 520A
APPC 1930

Operations &
Monitoring
(Control Level)

MNIFE
HMI
APPC /IPPC

HMI & Remote
1/O Field Level

PLE
MNIFESSEMAT
Distribuitted IO
IWE

Plant Network / Ethernet

Citect SCADA x

:gg:émﬁ . PBOX 500+ MISE 3600
|j|n|ng MES SCADA Server |-|
Scheduling I

I I I Industrial Ethernet

m NISE3640 A N::IE 3:40 -y ? NISE 4000
PC-based Redundancy Front-Access
' = m Controller m CODESYS

IPPC 2160
Industrial l

Controller Controller Workstation N
EXOR HMI SoftPLC Fieldbus
— Gateway
PROFINET
Ethernet]IF' FieldBus I FUTEL A

SIEMENS / HIFE 2310 NIFE 100

AB PLC - PC-based Controller Outdoor AP
[ | IWF 3552
= ol Industrial Wi-Fi u —
e e I ' Distributed 1/0 m ViPA o, P—-*"i_-::_; ~ T -
| " F | =
PROFIBUS/MODBUS
DeviceNET

= el Drive Controller Safety Module Speed Driver

I NISE 105
MISE 4000 E

Motion -
Controller

Equipment Controller




NISE Automation

\Ece‘\ 131-3 SOFtLOg/
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window
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Embedded ,
Computing |

Technology
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SCADA/HMI

WinCC® Wonderware® Intellution® 95 IREteic et

okt Schneider Citect EXTR  NIFE
IPPC
I e ————— R —
IEC61131-3 SoftPLC C F Y e - B = e -E 3
CODESYS - —
_— - — | -

PIrRIOJF] I M ® :
i%%%%q DeviceNer 2> EtherNet/IP- EtherCAT

PLC & Remote I/O " 111 N 5N
SIEMENS Allen-I-r£e[ BECKHOFF ABB Schneider E ﬁ] 1‘t

4 NEXCOM PC-based Factory Automation Building Blocks E‘ %
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ODESYS
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NISE 3600
SCADA/HMI N
Station CF L =
Fieldbus EthercAT~ \‘b‘::'
Concentratos

& NIFE Series Fieldbus Integrated Solutions

§ =

Fieldbus Remote 1/O & Fieldbus Devices




PC-based Automation Controller

EHIRZBRE R

MNIFE 2310
NIFE 4000
NIFE 100
MNISE 91
APPC Series

.-u
0C b Larry Ewing

EEEN"° %ﬂa
BjU/S

EtherNet/P2> DeviceNet-2>
EthercAT™ Modbus
- 9
hilscher coDESYs
comMmmMuUuNICATION
IEC61131-3
SoftLogic

-

Fieldbus
Remote |/O

PC-based Automation Total Solution Package &
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Fieldbus Concentrator

== =

NISE 300 A

— NISE 301
DeviceNar>> r i (¢ O EtherNet/P-2>

EthercAT a Multi-fieldbus Concentrator




EHEIRGRANTE

SCADA/HMI Station

-~ -... NIFE 2310 W/ Fieldbus | = - :
“S;_——" - Interface N -
\ L e—
EthercAT™ P EtherNet/IP-2>




NEXCOM SCADA/HMI Solution
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Virtual supply chain control tools

Mobile i Industrial i Social

Analytics interfaces | apps listening

Cloud-based
information architecture

Digitally enabled physical supply chain

S re A e irarmieaiea e e,

Collaborative ' Smart
i : Sensors : H loT : H .
network i warehousing

3D printing RFID Drones

Suptilioss orchion Wientalineall BWholesalers ~ Hospitals/

(and their — network — _logistics —» and ——> pharmacies/ —> Patients

(In:tr::-l,;?d partners distributors physicians

suppliers)
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Step 1 Step 2 Step 3
Scout the Define digital Design

technology strategy and solutions and
landscape for prioritize launch pilot
opportunities opportunities projects

Step 4

Scale up
successful
projects and build
capabilities
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Plan

— Real-time supply chain monitoring

Near-real-time scheduling

Demand management

Inventory replenishment

Compliance management

Supply chain optimization

Source

— Automated order processes
— Online/mobile approval

— Enterprise-level spend analysis and
dashboards

— Supplier relationship and quality
management

— Contract management

dliy

77
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Make

— Real-time shop floor and production
flow monitoring

— Automated, real-time process analytics
— Equipment downtime monitoring

Predictive maintenanece

Additive manufacturing/3D printing

|

Deliver

— End-to-end product visibility
(supporting track-and-trace initiatives)

— Automated product stocking

— Automated inventory and delivery via
drones

— Improved internal logistics via
automated guided vehicles




Productivity increase
by 3 - 5%

10 - 40% reduction of
maintenance costs’

=FN

20 - 50% reduction
in time to market’

simulation Service/ Resource/
Concurment
e process

Customer s Remote .
cocreation/ L e | 30 - 50% reduction of total
control machine downtime?

open innovation

\ o utilization
Data-driven - [ ' ~ Predictive
design to value LT B maintenance
Forecasting accuracy
increased to 85+%°% i Augmented
reality for MRO3

Human-robot
collaboration

Costs for quality

- 209%8 ) -
reduced by 10 - 20% 45 - 55% increase of productivity

in technical professions through
automation of knowledge work*

Costs for inventory heolding
decreased by 20 - 50%°

Pharma 4.0 {93z B¥5




for Biopharmaceutical Applications

>
. LifeASSURE™ _ 4
-¥J Vent/Air Cell
o Filters Culture —
Series Clarification
e Sterilizing DL el
Grade

Filters Column

Diverse g

gl Portfolio of  Joues Juceon
Solutions /e

Single-Use
Bioprocess Storage
Monitoring

Tools

HE MBI R RR TS R
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Product

Process

Timeline

Capacity
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~In God we trust, the rest bring data!™

W. Edwards Deming

Pioneer in Quality Philosophy, W. Edwards Deming is widely held to
have been one of the leaders who helped create the Total Quality
Movement. Deming's 14 points and his book “Out of the Crisis™ are
key documents in the development of Quality Systems for Business
management. Dr. Deming is best known for his revolution in the
quality and economic productions in Japan where from 1950 onward
he taught top management and engineers, methods for
management of quality. These teachings dramatically altered the
economy of Japan. In recognition of his contributions the Union of
Japanese Science and Engineering (JUSE) instituted the annual
Deming prizes for achievement in quality and dependability of
product.

hitp-/fwww resourcesystemsconsulting com/blog/reference/glossary
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Pyramid

Good
Engineering
Practice



The factory of the future will be
measured according
to its production capability and
flexibility.
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Manufacturers will have to achieve the
globally- standardized plant floor,
harmonizing, supervising, and
coordinating execution activities across
the company's and suppliers’ global
SCM network .
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More companies expect that their
production processes will be
largely or completely
automated/computerized
in the years to come.
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HWEMFTZ HEEE
SEFES.




More manufacturers will invest
over 25% of their

New plant total budget for plant-

floor IT/Operation systems.

AT B,
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Pharma 4.0
Related to Pharma Industry

e Importance to Pharma Industry

e The Role of Innovation in FoF
Development

e The Role of Enabling Technologies

e The Next Generation of

Pharmaceutical Manufacturing Facility
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Driver for Pharma 4.0

® To be efficient & cost effective.

® FoF is a contributor to the overall Pharma Business.

Patient safety and
efficacy.

BARE, IFER

Pharma Business
success.

Safety, Efficacy Imperatives:
Product Quality

Excellence and Compliance

Business Drivers:
Capital Investment
Utilization
Operating Costs
Flexibility and Resilience

New Markets




EERRA BEMA

In terms of pharmaceutical manufacturing facilities, the
overall cost of manufacturing a product can be viewed
as a combination of operating and capital costs.

With the current cost pressures on the industry as a
whole, understanding and controlling both of these
costs via Pharma 4.0.

Pranfi B




Solutions

= 1 storage aisle for frozen
storage

= 3 aisles for ambient storage

= Goods to Person picking in
ambient and in frozen

= AGV'’s to / from production

= Goal: cold storage and
safety under control

2nd floor

\




HEE =T Solutions

Cool storage -2-
8° C
8400 pallets

Packaging

.

Picking 2-8° C

= Analysis of the existing
concept

= _Detail planning, cost
calculation and
submission

= Realisation of the

logistics part incl. WMS
extensions

Product
manufacture

AGV Passage




Despite the growing
plant automation,

the flexibility,
People,

With the
decision-making

capabilities
will stay as
the core competency.

Pharma 4.0 5 A
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WAVE OF
INNOVATION
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Pharma 4.0
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Pharma 4.0 § RIS
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' Control

Manufacturing
Technology

3D
Pharma-
ceuticals

A ) Continuous
/ New input devices Manufacturing
~ & operating concepts

(augmented péality)

Biotech

‘ Manu%uring

O Single Use
Smaft Mobile, Systems
Equipment  gevices

= Q
\

Best '
.. Practice content
Global '«

'Lifecycle g0

Process'

. E-Inspéctions

More product
. Data Integrity

Integration

Hagnomeftion Standardization

Standardization

.y Quality
[ Bl Regulatory
Collaboration % Compliance

with the
Regulators

LN OD,UQ

Shortage N
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