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THE BIG PICTURE
INNOVATION AND TRENDS IN GMP AND GEP

« CHANGING PRODUCT PORTFOLIO

« FACTORIES OF THE FUTURE: FLEXIBILITY AND AGILITY

« TECHNOLOGY PLATFORMS AND END TO END INTEGRATION: PHARMA 4.0
* QUALITY & SAFETY : FALSIFIED MEDICINES, DRUG SHORTAGES

« READINESS FOR INNOVATION: PRODUCTS AND PEOPLE
« REGULATORS VIEW ON INNOVATION

HOW CAN ISPE HELP INDUSTRY




CHANGING PRODUCT PORTFOLIO

BIOLOGICS
« mAbs — Monoclonal Antibodies
* Biosimilars
« ATMPs — Advanced Therapeutic Medicinal Products
* ADCs - Antibody Drug Conjugates (High Potent Drugs)
MERGERS AND ACQUISITIONS
* Product Transfers, Know how transfer
SHORTER PRODUCT LIFE CYCLES
 Market demand variations
BLOCKBUSTER MODEL OUTDATED
« Higher complexity of product portfolio, Orphan drugs raise
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Top 20 Specialty Medicines: Mainly injectables
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Next generation injetctables includes biosimilars
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Remicade

J&J

2 applications
Immunosuppressant

Humira

AbbVie

4 applications
Immunosuppressant

Enbrel
Amgen/Pfizer

2 applications
Immunosuppressant

Lantus
Sanofi

2 applications
Diabetes

Rituxan
Roche

2 applications
Cancer
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Fig 1.1: Investigational Drugs: Large Molecule (Protein Therapeutics), Worldwide, 2010 - 2015
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Orphan Drug Sales Growth

Worldwide Orphan Drug Sales & Share of Prescription Source: EvaluatePharma’ February 2017
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FACTORIES OF THE FUTURE

FLEXIBILITY AND AGILITY

Shorter product change over times

Modular factories (ISPE conferences)

Operational excellence (ISPE guideline, Training ITEM)

« Business processes
» Technical processes
o IT supported documentation

Good Engineering Practice (ISPE guideline)

* Project management capabilities (ISPE guideline)

 Workforce of the Future

Pharmaceutical

Connecting Knowledge
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Agility Challenge: Isolator Technology Example

PN prbi] Cycle Time
e down to

- 1ppmin
Evolution of Isolator Technology approx.

Pioneer Days - the first steps in Isolator Technology ‘ 1 hour

» First Hardwall Barrier System in late 1980's

» No Biodecontamination System included

» Surrounding Cleanroom Class B

» Manual Spray and Wipe Sanitization Evolution of Isolator Technology

215t Century - Nowadays high-end solutions

> Total Cycle Time down to 0,1 ppm In approx. 135 Minutes (2 Hours 15 Minges)

» Total Cycle Time down to 0,05 ppm in approx. 195 minutes (3 Hours 15 Minjtes)

& 'sPE

Evolution of isolator technology over the last decade ~ and its influence on biodecontamination
Matthias Angelmaier, Bosch Packaging Technology, ISPE Aseptic Conference 2017
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Enabling technology examples for a paradigm shift
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Pall Allegro filling nedles Ompi EZ fill tub solution Bosch Flexible Assembly Platform Google, Novartis SmartLens
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~ Facilities of the Future in APIl, OSD and Biotech

What is Continuous Manufacturing?

Conbnuous Manufacturing
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= maximised material processing in a smallest process room

Spece process
Best pes @

' wovastis

Solution
ot

Bos: of Plart. Moduansaton a Aotk

Commercial Line - Line Design

Valldate the product on the Ilqh vohume commerclal ine Conslgma 100 and
develop the Operational mode!

1, Layost Orents and
Verteal corkguraton

2. Le trsaghigast - 10
[0

1. % Metmsnatic smjoution
e

4. BUn of e bee CIRSWER

o RN e Wb Stas
Maternl Handling sea 1Y

Systems e 0Cre e
low Wi twe Puogie

& sPe

Markus Krumme, Novartis: Continuous Manufacturing -
what is unique about it and how to control quality,
ISPE EU Annual Conference Frankfurt 2015

Flavien Susanne, GSK: Implemening a Three Stage
Continuous API process to IG Grade
ISPE EU Annual Conference Frankfurt 2016

Leonardo Panetti, Janssen/JnJ: Continuous
Manufacturing of OSD at Johnson & Johnson
ISPE EU Annual Conference Frankfurt 2016

Frank Streil, Teva: Continuous
Manufacturing of Direct
Compression Tablets

ISPE EU Annual Conference
Frankfurt 2014
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Stefan Sievers, Bayer: A
concept for the biofacility of
the future,

ISPE EU Annual
Conference Frankfurt 2015




TECHNOLOGY PLATFORMS AND END TO END INTEGRATION -
PHARMA 4.0

End to End,

Automation Vertical & Horizontal
Integration

PHARMA 4.0

Quality Workforce 4.0

- Knowledge
Predictive Control Management




Industry 4.0 and Pharma 4. 0 DIGITIZATION

Information available everywhere
In the company

In all countries

In all business units

In all departments

In all involved service providers

In all involved regulatory authorifies

Electronic data interchange
Within the company

With all involved countries

With all business units

With all departments

With all involved service providers

With all involved regulatory authorities

Connecting Pharmaceutical Knowledge
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Digitalization Entering the Pharmaceutical Industry

Change the Way of DoingBusiness The Future...

- Transforming to semi-software Envision the unified data pipeline

companies

- Everything will be connected

» Unified ERPs with Real-time
User Experience

* Next level eCommerce
& Digital Marketing

*» Smarter Lab and
Devices' Management

Connecting

Consistent, real-time correlated
access to results

Lab inventory & order management
Safety & Compliance

Bioinformatics & data analysis
On-premise commerce &
collaborative shipping

Pharmaceutical Knowledge

Digitalization at Merck
Life Science

Four connected platforms

- SAP NEXT enables

*» E2E commerce

« Digitization for lab & bioprocessing

« Future digital business models

2184

P




ISPE has started 2 Special Interest Groups
to define a practical way
from industry 4.0 o pharma 4.0

1. HOLISTIC MANUFACTURING CONTROL STRATEGY
2. PLUG AND PRODUCE




HOLISTIC MANUFACTURING CONTROL STRATEGY
What We Need: Best Practice Implementation Methodology

Pharmaceutical Technology Commercial
Development

Control Strategy:
What we submit

Transfer Manufacturing

[\ Holistic Manufacturing Control
Strategy:
What we implement

Best Practice Methodology

Business Process Harmonization

Process Maps

Process Data Maps & Data Flow

Vertical & Horizontal Data Integration

Risk Based Approach / Critical Thinking
Transfer to CMOs

Applying Data Integrity by Design

e ISPE Connecting Pharmaceutical Knowledge ispe.org | 16




Problem Statement for Plug and Produce: Veﬁizd;‘;i::m.

Complex and Cost Intensive Equipment Integration,
Pharma Standard is Missing

PHARMA40
Today: Tomorrow:
Individual Solutions Plug&Produce

Simplify, reduce engineering & increase usability

ERP
A
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REGULATORY
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loT Integration Layer
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READINESS FOR INNOVATION

LEGACY PRODUCTS

Developed for different target profiles
Noft suitable for automated processes
Upgrading or re-development needed
Portfolio pruning as a condition




QUALITY AND SAFETY

FALSIFIED MEDICINES DIRECTIVE

* Mass serialisation on pharmaceutical packaging

« End to end integration along the value chain: verification of originator
product based on ISPE GAMP standard

DRUG SHORTAGES
» ISPE Drug shortage survey
» ISPE Drug shortage prevention plan
» ISPE Drug shortage gap assessment tool

Connecting Pharmaceutical Knowledge ispe.org | 19




REGULATORS VIEW ON INNOVATION

NO COMPROMISES FOR QUALITY AND SAFETY
« Continuous manufacturing to improve market availability of drugs

 API, Biologics, big volume products
« Small products: personalized medicinee¢

« Avoid contamination (ISPE Containment Manual)

* Single use technologies

* No cleaning validation

« Containment

* |solators

« Aseptic processing (Annex 1 EC GMP Guide)

& |SPE.
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Consequence 1: Continued Growth of Single-Use
Manufacturing

Smaller annual
production needs
(10-100’s kgs/yr vs
1000’s kgs/yr)
Multi-product facilities

Manufacturing flexibility
& efficiency

=

Less capital : ' '
expanditure Evolving bioharm portfolios

# (Orphan drugs, non-mAbs, more
targeted therapies, personalized
medicine)

2 l S P E Connecting Pharmaceutical Knowledge

MRRCK
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Consequence 2: Process Intensification towards Continuous
Processing

Standard mADb Process Template

( AL l \ AN A~ — g N
| A & = = 1Y) LS S
<2°17 Ls—; x | "‘;'L_#JE; - 1 - | | = .# 1 — Jo‘gl l — - b HSJ
€€€c XY [ \ U = 1 |22
L J J ) B o C o 8

Banking, Bloreactor Clarification Affinity Virus Purification Polishing Viral Concentration

Seed-train Chromatography Inactivation Chromatography Chromatography Clearance & Diaflitration

Inoculation

Improved upstream process efficiency
necessitates Higher productivity

downstream solutions

@Peﬁusion% } ﬁ If‘:pc:'uvr:a :'! Js! ' g cexa :5,:' p o

Further needs for cost reduction
driving fully connected and
continuous process

2017 -
2020+
€€cC

Requires:
* In-line sensors
* Holistic process

controls MERCK
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SUMMARY
INNOVATION AND TRENDS IN GMP AND GEP

« Product portfolio drives speed to innovation

« Factories of the future need careful investment consideration, there is no
more a standard solution but a lot of elements to combine

 Digitization will disclose potentials never achievable before
« Quality and safety cannot be compromised

« READINESS FOR INNOVATION: PRODUCT design AND PEOPLE capabilities
are of the essence

ISPE offers the platform for dialogue with all stakeholders !
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