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S Peter Boogaard

YAutomation

* |Independent consulting to address harmonization,
integration and consolidation in science based processes

* Degree in Analytical Chemistry

* |ntroduced to Lab automation since 1981

30+ years @ international companies
 Founder of the annual Paperless Lab Academy
* |nternational publications

* Active ISPE member (GAMP DI SIG & QbD/PAT)
e After work... Sailing & Music

@ Paperless Lab Academy® 2018
e Milan, March 20-21

www.industriallabautomation.com
peterboogaard@industriallabautomation.com
cell +31 654 263516

LABORATOR

INFORMATICS
GUIDE 201

QbD & PAT
The Scientist IsiNo Longer In The Laboratory, -

L Inférmatigs: ¥
The&iue to BuildEntefprise Kngwiedge

I (]

RN - )

i [P

Is less more in a

Facing Cross-Industry Challenges 4
in the Food and Pharma Industries

-’

@

skt
G M P]oﬁ}nal GAMP® Data Integrity 1

Special Interest Group



Empowering the eData Life Cycle

Delivering scientific evidence to data consumers

"eConnect, eManage, eDecide, eArchive"

"eConnect"

o Effective workflow based self-

documenting data capture strategies

o New data capture approaches to
embrace Internet of Lab Things IoLT

o Models to embed intelligent software
in instrumentation and sensors

o Integrating external collaborators and
scientific literature knowledge

"eDecide"

o Adopting data analytics and
visualization tools to materialize
scientific knowledge

o Strategies to ease access and reduce
complexity to non-scientific data
consumers

e Enabling the power of Industry 4.0 to
the laboratory

//Il\ldustrial Lab

YAutomation

"eManage”

e Innovative methodologies to manage
scientific master and meta data

e Concepts to prepare for new
regulatory and data integrity
challenges

o Strategy to harmonize / reconcile
taxonomies and ontologies to boost
insight

"eArchive"”

o How to reduce the struggle finding the
right data in the growing digital
universe

o Essentials to secure long-term multi-
departmental archiving

e Approaches to manage cost,
sustainability and infrastructure
processes

Milan, March 20-21

Paperless Lab Academy® 2018

Experiment templates, Controls

Lab Inventory

Columns, Mobile Phases
Standards, Log Books

Test Specifications,
Sample Inventory,
Stability Study
Management

LES

Test Procedures, GMP Controls
. Data Form, Review Criteria

Lab Resource Management, Analytics & Metrics

Lab & Data Interface

www.paperlesslabacademy.com




PUBLICATIONS Peter Boogaard - Industrial Lab Automation

Free Download @ www.industriallabautomation.com/Publications.php

Data intensive science is becoming mainstream, and new technology will change the dynamics
of how scientists will work together. Many cross-industry best practices can be used to enable
cross-functional collaboration between internal information silos to transform scientific information into actionable

insights. What will the Internet of Lab Things (IoLT) bring in the fguture?
M P ez Trends In Laboratory Informatics. Just like almost anywhere else, informatics is the normality in
Journal lab operations. Data intensive analytics create gap-less knowledge management systems also
facilitating the cross-sectoral collaboration.

ELN means many things to many People. ELNs mean many things to many people.
This article starts with the end user in mind and look at the application from a user
centric perspective. What is an Electronic Laboratory Notebook (ELN)? What
function does it serve? Where does it fit within my laboratory informatics strategy? Do we need an ELN, and if so what
would be best for my company’s needs? When should | use an ELN, or a LIMS or both?

El lectronic & aboratory N, otebooks
ELN Means Many Things to Many Peeple

Data integrity is currently one of the highest cited areas in regulatory observations. Yet, data
integrity is not a new requirement. In this article | will highlight the how can reduce data
integrity inconsistencies

Linking an Instrument to a Tablet For how long do we need to be professor to link an instrument to a tablet in the

laboratory? Why can we connect almost any smartphone using Bluetooth in our
personal I|ves ourselves and why do we need a professor to transfer simple results in the laboratory to our ELN, LES or
Lms

g In this article, | will share experiences and observations how the scientific high-tech
community, can benefit from adopting paperless processes in the laboratory. Is it
because paper doesn’t require any significant investment budget, or is it the low
barrier to access, since paper even works without power or the need to have access to
an information infrastructure, or is it just simply that the “what’s in it for me” question
hasn’t been answered satisfactorily for the scientists?

&
BioPharma

The Paperiess Laboratory:
Awty Into Process Optimisation
copd

. Asia

New scientific data consumers are increasing the value of laboratory. Research,

manufacturing and regulatory procedures have been unchanged for years. There is an urgency

to revisit these. The need to integrate the legacy silo based departments is becoming a top
priority agenda item in many boardrooms.

It is pure waste to perform labour-intensive hunting for information across multi-vendor,
multi-technique databases, manual transcription checking and to manually create reports.

What are these challenges to create value for the consumers of the laboratory data?

When considering data integration, we must first stop thinking ‘technology’. Integration is not
just about instruments or other software platforms. Instead, it is about integrating processes,
accelerating ideas and facilitating mandatory compliance requirements more economically.

Lesg is-More; pting a - The power of a Paperless Laboratory is the ability to enable organizations to
ocu Paperiess M"ﬂiﬂg implement self-documenting processes that produces GxP-compliant
documentation to support corporate Cost of Goods Sold (COGS) optimization

Considerations for Headaches about upgrading your software? Considerations for software expansions and
Software Expansions and Upgrades ypgrades. Before you decide to rock the boat, several key decision-making steps can help to

o e ensure a smooth and successful upgrade. The last thing to do is to start is a project to change
a working enterprise application

Inférma It is time to put more emphasis on the preventing facet and re-order the sequence
““Q“e to BuildEntg of the CAPA abbreviation into PACA. It is proven that his theory to adopt
continuous lmprovement strategies to decrease variability resulted in significantly better products and financial
performance.

rise Kanledge

Food companies are becoming pharma companies. In this publication several overlaps and
differences are discussed to spur a discussion on how both pharma and food industries may
benefit from adopting the best practices.

Facing Cross istry Challenges
n the Food md thmdlnduslnes

Publication Download pages
www.industriallabautomation.com/publications

// Iémﬂiﬂhﬂ Lab

AutomIEO  ation



What general technology
needs to be
, to accelerate
the acceptance to work
electronic?




Batt%




Lab informatics expectations (2016)

4 I
ELN 4

Experiment templates, Controls

. Lab Inventory
Test Specifications, Columns, Mobile Phases
Sample Inventory, Standards, Log Books

Stability Study
Management

Lab & Data Interface

LES

Test Procedures, GMP Controls
. Data Form, Review Criteria

Lab Resource Management, Analytics & Metrics

\_
B Increasing data usability in and out of the laboratory 58.3%
. I Implementing a laboratory informatics system 54.2%
~ (LIMs or ELNs)
[l Investing in practical software/hardware 39.6%
solutions to increase efficiency of the workflow
B Access and data mining 35.4%
I Migrating data into a new system 25%
Integrating legacy systems 20.8%
Integration of other non-informatics software systems 16.7%
Data security 16.7%
B Mobility integration 12.5%
B Other 8.3%

//Il\ldustrial Lab Source: IQPC & SLE 2016

YAutomation




Data-intensive
sclence IS
becoming

mainstream






utomation

Scientific Application Landscape (total 374)

Doc Mgt Tools, 28

ELN, 50

OPEN SOURCE ELN, 7
KM Tools, 57

LIMS/LES, 45

Biolnformatics, 68

Data analytics, 67

Chemlnformatics, 40 Data acq - non CDS, 12

mELN

B OPEN SOURCE ELN
® LIMS

B Data analytics

B Data acq - non CDS
B ChemInformatics
® Biolnformatics

m KM Tools

Doc Mgt Tools

Source Atrium Research website 2017

10
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Research

Scientific Software landscape

Process
Efficiency

Innovation

Development Manufacturing

11
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Scientific Software landscape

Innovation Pr.o.cess
Efficiency
In Silico ]
Tools . Recipe/ PLM

Analytical

Warehouse

ERP
Visualization '« _ :

Therapeutic

Warehouses |
MES

Data
Management PAT
Product Quality LifeCycle Implementation (PQLI) - Knowledge Management >

Research Development

Manufacturing

Source: Accelrys

12
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Industry 4.0
The Digital Revolution in Manufacturing

Mechanization,  Mass production,
water power, steam  assembly line,
power electricity

Computer and Cyber Physical
automation Systems
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Scientific Information Landscape

A rapidly evolving ecosystem

Big Life

Science

Innovation
Model

IT

Data

Portfolio

Company

Innovation inside

Internal apps & data

Mostly inside

Internally driven and owned

T vestorday  Today Tomorow

Searching for Innovation

Struggling with change
Security and Trust

In and Out

Partially shared

Heterogeneity of collaborations. Part of the
wider ecosystem

Cloud/Services

Distributed

Shared portfolio
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Typical LIMS manufacturing workflow process

MANUFACTURING ENVIRONMENT

Z
N
AN 2 A .
©, @ ® ® ® ® @
Raw Materials Materials Raw Materials Raw Materials Manufacturing Final COA Report Completed lot/batch
Delivered to Lab Analysis Approval Samples QC Check Generated Samples to Inventory

Samples
delivered and
registered

in LIMS

Sampling Plan
selected

Skip-lot testing
initiated

Assigned
Analyst Worklist

Analyst
certification

Instrument
calibration

1

LIMS checks
against product
specifications

> ANALYTICAL INSTRUMENTATION <

Cleared to
manufacture —
to MRP

In-process
samples to LIMS
for testing

Environmental

monitoring
samples

1

Results approval

Multi-level
specifications

g-signature

lot / batch records

I

Approval
sent to MRP

Stability
testing




// Thdustrial Lab

YAutomation

Documentation

Example of

@ AProject has Assets that are
—’ made from Materials used in
various Studies.

Each

Pm,eet —has—p!
People

Goals

Money

Capital

has
l that supports®

Status

Candidate Selection
Stability Report
Certificate of Analysis
IND

NDA

DMPK

Compounds

Formulations

Marketed
Products

Stability

Safety
Assessment

Clinical

Laboratory Data Life Cycle model

@ Materials are sampled and analyzed for a specific Purpose using an Analytical Test that is executed by a Measurement System.
The Measurement System produces Results that support an immediate Process. Results can also be combined (aggregated) for
use in Data Mining or Documentation, both of which create Knowledge that is used to improve the Asset or Process.

that produces—i l—

Sampled

Starting
Material

Isolated
Intermediate

Substance

are analyzed

for a specific _¢

Purpose

Identification

Quantitation

Metabolite
Excipient
Tablet
Parenteral
Capsule

Packaging
Material

that generate knowledge about the Assets.

Characterization

Assay
Impurities

ety
Structural Elucidation
Residual Solvents
Elemental Analysis
Heavy Metals
Phase Transformations
Water Sorption
Melting Point
Polymorph
Solubility
pH
Particle Size
Residue on Ignition
Water Content
Counterion Content
pKa
Metals
Appearance
Turbidity
Birefringence
Crystallinity

i ted by a
using an—+ execy

Analytical Test

Person
ravimetric Balance
issolution

HPLC-UV

HPLC-MS
MS
IMS
NMR

R
NIR
Raman
DSC

TGA
Optical Microscope
ICP-MS
GC-FID
pH Meter
Potentiostat
SEM
Light Scattering
XRPD

Results

String
Boolean

that creates
Knowledge

e rr—

Scalar
Vector
Table

that are
aggregated
for

about the
Asset
or Process.

that are used in

that support
an immediate

Process

Material
Acceptance

In Process
Monitoring

In Process
Control

Rigstration

Release

Stahility
Assessment

Data Mining

Business
Intelligence

Chemometrics
Visualizations

Statistics

16



#1 CHALLENGE

UNDERSTAND DATA
CONSUMER NEEDS
& THEIR OBJECTIVES



“We believe that the /
largest drug is the food

that you eat three times !2";/
a day, every day of yo

life” /
|é Health Science - Brett Gundlock for The Globe and Mail Sept 6, 2012

Read full article




Defining the holistic process

_ Developing
Planning how we systematic
can ensure that Thinking i manufacturing
we deliver the Strategic : that
i hect aualit About  _J---"""S==20 Provide processes tha
ighest quality Qualibf’/ Quality SS Measurement deliver product
~
pr?dtUCtﬂ g PIanning ~ which is right first
consistently Plzj\,nﬁmg AN time, every time

Furl:ﬂcltjilgnal Develop Develop

Qualit Prq'cess Process

- FeAtures Controls
Planning =

r

Understanding
what our customer
wants, and how we

can deliver it

\
The laboratory
provides scientific
evidence to supports
the overall corporate
process

\_ J

//Il\ldustrial i Source: Gawayne M. Jones & P.J. Boogaard
(/7 :

Automation 19
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4 ’
'FINDING the SPEED to INNOVATE WEa

Strategies to effective materialize laboratory knowledge

Create “Strategic Speed”

Minimize Time to Value; Maximize Value Over Time

Automation



Create “Strategic Speed”

Minimize Time to Value; Maximize Value Over Time

Incremental
Value

Value
N
—
3
D

Y 4 Distraction

// Industrial Lab Strategic Speed: Mobilize People, Accelerate Execution by Jocelyn R. Davis, Henry M. Frechette, Edwin H. Boswell




Value of lab data will be expanded by understanding the data consumer need

A 4

Manual workflow

Automated data capture workflow

v v

Data consumer workflow

In silico
Exploring

Data lake repository
Self Cocumenting

Processor Converting
to structured data

Unstructured data
Scientific workflows
System of record

Sceorecards
Dashboard
Manual data entry

|

Automated data
capture

S

Targeted
Reporting

DATA CREATORS

Data mining
Management

Patent/Legal
/ Industrial Lab

YAutomation

DATA CONSUMERS

22



#2 CHALLENGE

USING THE RIGHT
TOOLS




Non regulated ELN Regulated LIMS

Procedural Execution
Paper-on-glass execution
QA/QC SOP execution
Quality GxP studies

R&D analytical support
Analytical formulation
Self-documenting data capture

Chemistry
General chemistry and reactions
Medicinal chemistry

Synthetic chemistry
Cheminformatics
Process chemistry
Analytical chemistry

Engineering
Design engineering
Test engineering
Materials simulation
Process engineering
Process manufacturing

QC Manufacturing
Analytical instrument capture
Quality manufacturing
Repeatable analytical
processes

Lab resource planning

R&D analytical support
Paper-on-glass execution
R&D analytical support
Data analytics

Structures & unstructured support

Core ELN capabilities
Documentation of Experiments
Non procedural / free form
Robotic Automation
Electronic Record Keeping
Patent Evidence Creation
Security and external data access

Core LES/LIMS capabilities
Compliance

Secured Lab Information hub
Enterprise content feeder
Electronic SOP’s Paper-on-glass
Self documenting Paperless lab
Simplifies repeated operations

Biology
R&D assays
Computational biology
Bioinformatics
Omics research
Pathway exploration
Protein modeling

Formulation
Formulation development
Design transfer

Pilot production

Materials blending

Analytical services
Method development
Stability studies
Environmental monitoring
Inventory management
Instrument maintenance

Enterprise integration
Empower/CDS integration
CAPA processes

ERP integration

MES integration

CRM integration

Translational Medicine
Healthcare informatics
Clinical trial analytics

/h‘ulusu‘ml Lab
JAutomation



Requester workflow

, <
Pre formulation < Analytical Research " Regulatory
y Y Analytics (stab)
A
Project < IVIVC
\ 4 v T A 4
Formulation —»{ Physical Analysis |<
1 Manufacturing
Y y v batches
—| Prototype analytics [~
l \ 4
—p GC Analytics <
HPLC method —
development Validation
v VY
Wet chemistr <
CRO > Y
// Industrial Lab

(" YAutomation Requester




In its simplest form, an Electronic Laboratory Notebook can be thought
of as for an electronic embodiment of what is currently being done in a
paper laboratory notebook.

It is a tool that facilitates workflows that play out in laboratories.

Having said that, Laboratory Information Management System (LIMS),
Electronic Laboratory Notebook (ELN) and Lab Execution System (LES)

applications all support this basic definition, to a greater or lesser
extent.

So why bother?




Automated

Degree of Automation

\ERTTEL

Unstructured Structured

Data infrastructure

Courtesy Atrium Research




The role of Lab Data management software

Chemistry
Biology
Formulations

=% Procedural
by Execution

IP Protection
Knowledge re-use

Research Efficiency @
Collaboration

Electronic SOP’s

Compliance ‘
Self documenting Paperless lab
Simplifies repeated operations

Secured Lab Information hub
Compliance

Enterprise content feeder
Scalable

28



Summary - Behavior of Lab Data management software

& Procedural
4 Execution

Experiment centric

User centric / Adaptable free form
Scientific databases, Instruments
Legal & Scientific communities

SOP workflow centric

User centric / Natural Language
Act as paper-on-glass application
Strong Quality Assurance aspect

Sample centric

Organization centric / System defined
Repeatable standard process workflow
Regulated manufacturing

29
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Study |SAMPLE GRCUP
Study Datagroup |GLOBAL
P
Submission 1D 100000246

Log Priority

Sample Plans

[+

haterial Type |[CRYSTAL GEYSER

Sample Plan

Material Mame

Material Datagroup [GLOBAL

Titration Worksheet

Product: PROPOFOL | LotCode: |
SoP 20070219 _rev05 Current?
Balance ID Calibrated ?
pH Meter ID Calibrated?
Titrants
HaOH Hormality Expiration
H2504 Hormality Expiration
Blank
Blank mL Titrant mL
NaOH H2504
Sample + 20 mL 1 N HaOH Weight (mg) Titrant 1 H H2S04 in mL
Sample 1
Sample 2
Sample 3

%RSD = (SDfaverage)*1 00

Calculation: ((Blank — Sample)(180.2XN H2S04/ N NaOH) = mg Product

Sample

Sample 1

Sample 2

Sample 3

//h\ldustrial Lab

[ RINSEVATER

Sample ID Uszer Sample I |Priority | Gty | Location
B 2

WATER 200000929 My Sample 1D 2 Average
[ MIXER SWAE WATER 200000930 My SamplelD3 3 5 %RSD
7ol
[ WaLL SWAB WATER 200000931 My SamplelD 4 1 G
[ FLOOR SWAB WATER 200000932 My SamplelD S 8 7
Performed hy: Date:
[ WATER PURITY WATER 200000933 My SamplzlD6 6 1

LRI LR L

Log Al sttrioutes |

S e e e e e e

e e [ o e o [ e o [ e o |
L2 22 [ Ll L (]|

&l

Grid Attriotes |

S0P 20070219_revds




Typlcal Objectives for LIMS/LES

Validated source for regulatory compliance
Automate manufacturing workflows
Electronic Batch Record (EBR) support
Facilitates self Documenting processes
Enables cross functional KPls

CAPA / PACA evidence

Complement manufacturing/ERP processes
Achieve data integrity quality data consistency
Stability studies

Environmental monitoring

Complements CDS systems

Resource to enabling workflow optimization

31



Typical Objectives for ELN

Enables to re-use scientific insight

Facilitates prior knowledge sharing

Resource for data analytics and formulation optimization
Self Documenting data acquisition processes

Exposing KPIs

Integrates external partner collaboration

Achieve sustainability goals - reduce paper volume
Support migration from hybrid (paper) legacy processes
Achieve data integrity quality data consistency

IP protection (legal)

Simplifies tech transfer processes

To attract new scientists

32



Data Integrity starts @ the source

// Industrial Lab Source: How to Improve Data Integrity
YAutomation Laboratory Informatics Guide (LIG 2016) / Scientific Computing World



Data Integrity nightmare
COPY/PASTE Madness

Project Request

INSTRUMENT
FILE
Cut & Paste

Other tests

Excel input

EXPORT
Cut & Paste

Other tests
Excel input

Top Line
Creation
Statistical ir
Analysis

mfﬂ
i

Email Customer

/ Industrial Lab

Automation
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Metadata, why important?

* Without Meta data this is just a photo.

Meta data:
Speed, when, where, photo ID, last calibration, ...

Courtesy Mettler Toledo PLA2016



Self-documenting processes

Reduces the value of data integrity at the source

Source: How to Improve Data Integrity
Laboratory Informatics Guide (LIG 2016) / Scientific Computing World



Self-documenting processes

Reduces the value of data integrity at the source

//Il\ldustrial Lab Courtesy Metﬂel’ TOIedO
YAutomation




Example of Self documenting processes in the laboratory

SDMS automated acquisition extracts system and fixed metadata
plus metadata from file name and folder structure

and metadata from file content

File Lactose 50 7476.raw
Unique ID 236F 2536 4509 ...

. : L Date/Time | 01.01.2006/18:25:47
C:\QC\Acquity\Purification\Lactose 50 7476.raw u—— PG2222

~ Batch 7476
\ \ — Dosage 50
S —— — Compound | Lactose
—— —* Project Purification
F ]

—* |nstrument Acquitv
— Department | QC

Channel 1143
Jraw Vial B04
N Method 3/116  Source: WATERS Corp

JAutomation




#3 CHALLENGE

CREATING THE
RIGHT CONTENT



Knowledge is of

no value unless

you put It Into
practice  ___




Nonaka’s Spiral of Knowledge framework for learning

» Tacit Tacit
Dialogue
- Socialization Externalization
~ 2 s 4
= = m
| 5
5 \ 5.
© _ Linkin
3 Field (Team) A /_\ \ ng
5 R Explicit
= Building N
S Knowledge
i)
é 5 m
.8 g
€ A a
2 Internalization Combination
£
@] .
? Learning
= By Doing
Explicit Explicit <

~// 1'%7/)(%@@&15@1111 Lab
fthatior

1ation



Do we speak the same language?

12 /
10 /
/
&
S
1/
-
DATA INFORMATION KNOWLEDGE / INSIGHT
To tell the color From color What to buy
To tell what object Physical attribute Make decision by linking
represents establish Information
sugar content to the objective

Chemical attribute



Measurement Uncertainty — which results do you like?

VARIABLE_1

VARIABLE_2

Source: Northwest Analytics



Measurement Uncertainty — which results do you like!

VARIABLE_1

VARIABLE_2

Source: Northwest Analytics



Graph Technology gains traction

Numbers : :
: ; = = Graphical Analysis
X Y X e X W X X I 11

10 8.04 10 9.14 10 7.46 8 6.58

8 6.95 8 8.14 8 6.77 8 576
13 7.58 13 874 13 12.74 8 7.7

9 8.81 9 877 9 7.1 8 884
11 8.33 11 9.26 11 7.81 8 847
14  9.96 14 8.1 14 8.84 8 7.04

6 7.24 6 6.13 6 6.08 8 525 *

4 426 4 3.1 4 539 19 125
12 10.84 12 913 12 8.15 8 5.56 *

7 4.82 7 7.26 7 642 8 7.91 ] -

5 5.68 5 474 SRS/ 8 6.89

F. J. Anscombe "Graphs in Statistical Analysis", American Statistician, 27 ( February 1973), 17-21

Statistics

&*

Data pairs = 11

mean of X's = 9.0

meanof Y's=7.5

standard deviation of X's = 3.32
standard deviation of Y’s = 2.03 -
correlation = .82 '
regression line: Y =3+ 0.5 X
r-squared = .67

slope t-statistic = 4.24

standard error of regression = 1.24




Scientific Data Sources

;_:? DATA SOURCE (Instrument/Sensor)

s RAW data Meta data Secondary data

? File stock Capture process Conformity

E CRC Check Units Processed

: Archive Date/time Version #

g Embﬂl:ldsd device info Batch # Reporting trail

g Data characteristics Experiment reference Audit trail

8 Security Project Archive

2 Location Release parameters
g Origin Workflow history
g Owner Calculations

% Retention Access control

2 Search

g

y— RESULT - Consolidation
gl Lab
dAutoriihacion

N



Transforming scientific information into actionable insights — 2017

Importance of standards

Yes | have power.....
\, %

@&

Apply consistent

ontologies and taxonomies

to assure finding the right
data

Allotrope
Foundation




#4 CHALLENGE

EXPLORE NEW
CAPABILITIES







Internet of Things (loT)

'nsi.\\

to actionable i

zelfs tell tales
communiceren
al draadloos

»
ition in

R L I
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Cloud related acronyms

Public Hybrid Private
Cloud Cloud Cloud

Software as a Service (SaaS)

P N

Platform as a Service (PaaS)
L1 L1

Infrastructure as a Service (laaS)

P N

Anything as a Service (XaaS)

N ———

51
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SaaS # Cloud

— Service Level Agreement

— Where is my data?

— Emergency & escalation plan
— Back-up services

— On-demand scalability

— On-demand capacity

— Ownership

— Subscription

— Free and paid services

— Application consultancy

— Application support

— Automatic updates

— No investment in software

— Minimal hardware investment

52



High

Business Impact

Low

// Thdustrial Lab
L YAutomation

Low

Accepted cloud strategies

On Premise Financial model
CAPEX

Strategy

Public
Cloud

OPEX

Integration Complexity High

53



The Route to clarity
GAMP Cloud Computing Special Interest Group (SIG)

(/)]
Z
- — ‘E"
Applications g",’ Applications E Applications Applications
S i
Data ‘Ev Data E Data Data
E 2 —
@ Runtime = Runtime > Runtime Runtime
> 3 &
5 Middleware & Middleware Middleware Middleware
. >
£ 3 >
[T ~ o
3 9
% Virtualization Virtualization Virtualization — 2 Virtualization
& Servers Servers g— Servers E Servers
— =
Storage Storage -] Storage Storage
)
Q
Networking Networking " & Networking L Networking

/h\nluslrml Lab

)Automation Source: 2016 - PHARMACEUTICAL ENGINEERING

saﬁeuew JOpUdA




LAB {SaaS + Cloud} candidates for the laboratory

 When prototyping requiring a lot of IT infrastructure
* Applications that require mobile access

* Applications outside of the core business

e Applications that require a high upfront investment (CAPEX vs OPEX)
—___* Projects requiring intensive (external) collaboration \
* When fast access to increased scalability is a required

* Applications where 21CFR is not a direct requirement
< /
\
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Industry 4.0 IoLT Potential for Laboratories

Real-time Data Capture Self-documenting process to include meta data and content in
single process

Predictive maintenance Predict equipment failures before they happen, and
systematically prevent them

Remote monitoring Remote monitoring solutions collect live data from assets, and

use that data to trigger automatic alerts and operational actions
based on current conditions, such as remote diagnostics and
maintenance requests.

Deep learning data analytics Ability to include big-data in R&D projects

Instrument interaction Auto registers material and equipment that you are using. E.g.
predict reagent consumption and initiate action when reagent is low
with supplier

Customer/Consumer Will provide contextualized and personalized C2C experience. Focus

experience on customer experience, including physical safety and security

Enables multi technology Ability to automatically compare real-time test results from

validation multiple technologies on a large scale

Automate to transform Integrate with existing Lab applications and explore to re-use
existing dead-data silo’s

Location tracking Biometrically knows who you are. Automates user
authentication process and reduces keystrokes. Simplifies
application experience -

/ II{ébﬁ‘mdsthll Lab
U (Ao hation

Source: Roadmap to Digital Convergence - Laboratory Informatics Guide (LIG2017) / Scientific Computing World by Peter Boogaard



New areas of scientific expertise €3 MERCK
More QA and less QC JANUVIA ™ RTRT Control Strategy

API Blend PAT Testing
Approach

Manufacturing Floor
Lubricant Blend NIR Composite Assay

On-line Dosage Uniformity by

Weight

Compress Manufacturing Floor
Disintegration
NIR ID
Appearance

Film coat

Transforming scientific information into actionable insights — 2017

< QbD, MES, ERP, LIMS _
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The scientist no longer just in the laboratory

Original HPLC Method

TOO SLOW for Online Analysis

30 minute cycle time

0.08- .
0.06-
2 004
0.02- f\ fk
L — A PANY AN A S AVAY A AR
5 P57 TP 7 . VIF (T 7\ S ] 1
000 200 400 600 800 1000 1200 1400 1600 1800 2000  22.00
Minutes

Courtesy WATERS Corp.

. Quantify low level componentsin the presence of a high concentration API

Reaction
Aliquot
1

5
13
17
25

29
33

Starting Process Process Process Process
Material Imp#1 Imp#2 Imp#3 Imp#4
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38.49 61.25 0.01 0.10 0.12
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Minutes
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Multivariate analysis can reveal a change in correlation
structure not visible with univariate analysis
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XXXL

Massive amounts of information derived from dry /wet lab
investigations, feasibility studies and clinical trials.

Big Science

Research silos are evaporating with the merging of scientific methods.
Traditional hypothesis-testing studies will couple with data-driven
research.

Fast Data

Fast Data is a range of approaches that process data that might or
might not be stored.

Big Collaboration

As evidence accumulates, personalized medicine will become a reality,
and patient-specific disease interventions will become available. Teams
of disease specialists, researchers and bioinformaticians working in
concert in a virtual frontier.

//11\1duslrml Lab
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WHAT'S A TERABYTE

Source: Prof. Yike Guo - Imperial College London

61



/ Industrial Lab

YAutomation

BIG DATA LANDSCAPE 2017

INFRASTRUCTURE ANALYTICS APPLICATIONS - ENTERPRISE
HADOOP ON-PREMISE ——;  HADOOP INTHECLOUD ————  STREAMING/IN-MEMORY ————— | DATA ANALYST PLATFORMS DATA SCIENCE PLATFORMS SALES MARKETING - B2B MARKETING - B2C CUSTOMER SERVICE -
cloudera @M amazon \icrosoft Azure | “'amazon  gdatabricks &% Microsoft ‘@ pentoho alteryx KNIME e data % cHurus | RADIUS Anp Awis ZetZy Mvloomreach | @ MEDALLIA o
- Dl ) Google Cloud Platform Sconfluent Cstriim @222, QUAVUS AYASDI | i iku INSIDESALES COM Jpevenstaine ) carice | blueyonder [PERSADOI o Gainsight
TREASURE s - . L ¥oomivo  Yhat A = - ACTIONIG ' -
IBM InfoSphers @ [* GridGain/ea I METAMARKETS MWATTIV/O D Datameer and S ¥ l@' raplderiner @ conversica * _nfer u} MINTIGO @ sevscoss M cuexrax VOFIDATA
Bbl e Huule (2] olbscole Hiparatonnent dataArtisans | | [leaiSiony 2" OrigamiLooc interjana | CONTINUUM Alpine Clari BMER @ ract | 958nSe 4 tubuior " | SANTHRU [ cumimo | RIS p;‘afppu—,
- je ° of ComiryLink - 12 hazelcast « TEwACOTIA Bottlenose ARMO™ ENDOR PM{MODE | s atGomimimia Al fuse/: [Jrnooes U DatéFx  =nGAaGIO ~~» mparticie Amplero %J;S:’\TWU wramedl
NOSQL DATABASES ——— NEWSQL DATABASES 1 GRAPHDBS 4 MPPDBS - CLOUD EDW BI PLATFORMS VISUALIZATION VERTICAL STATISTICAL 1 DATA SERVICES - HUMAN CAPITAL LEGAL FINANCE - ENTERPRISE BACK OFFICE 4 SECURITY
) Google Cloud Platform | Clustrix & o TERADATA .zim 8% Microsoft 2 ioblon :.,"":. ANALYTICS | COMPUTING QPalannr@ Hoehe entelo | RAVEL ‘?lm PRODUCTIVITY AUTOMATION | &yaniuM @ c v Ance & Stackeatn
ORACLE gnaone Pivotal "uo ERTICA ) GoogeCoururiams. | _PREDIX SSaS hD - QSeol ..mm. ‘Q’mxwrr Fillumio 3 cooe4s
BRI 7 W Cockroachuans I Go iy | ORACLE s r""’”‘ : Qlk@ @ C3l0T, cape s QPERA | i 08 ) Theeot Metrix ;E.Macmny
rosoft Azure & Marklogic | oy memsql splice . K| w.,.. iy cetonis UPTAKE @ ‘ Harkacahdd O coressrono | mummeye opricity WP MVECTRA gyCehercioud [t Sutrdian
.mnngo uamsmx; 2 Plvotol Periscope Mg zeet | (O onmeimen v kaggle D WodetWendy @ = T % s ANOMALL %siftscience
BT () couchbase vouyos Ty otoueclll [ cuartro il | TACHYUS MATLA b AT B:e.vla IRADESHIFT g hat WECNFYD  (GyerOne 4L, SecurtyScorecard
(pciusdata Trafedion | o o, gasoL | W 3 Alwium | (43 Q@ stella R#SS OO Ciscs talla® | AAPPZen | shetaon ¥ Recorded Ftyre 1eecxon“
redislabs ) influxcors = ¢ paradigm wn‘ G"’ﬂmmo | Infoworks Foon L .pymetrics @ casetoxt butter sl KASISTS § socume 22547 HreeTicas @ Xayboss P esncsgminn
DATA TRANSFORMATION —  DATAINTEGRATION — ~ DATAGOVERNANCE -| - MGMT/ MONITORING — MACHINE LEARNING HORIZONTALAI SPEECH & NLP R Wbl
i - R . o & 1 watson Cortana. ¥
*talend ’é)pg_ntoho nopl °\M o e ON!W?:I(, ) Google Clourt Patform o mﬂj‘momr&n:
alteryx @ ;°8:< g T AL ‘ °V:;,"‘ 'iés‘:fw": BGORE §owaes | D Voyscer - ADVERTISING EDUCATION | GOVERNMENT 1 FINANCE - LENDING — FINANCE- — REALESTATE 7 INSURANCE —
TRIFACTA gmant - ~ Wi m - .
A ~ E2899M atooma shqmgh B Qe cesontent rlevait | 4 N s e | @Socrata | OnDec> Affirm | SUCTIL | Opendoor | Snatsomite
; OUIEE % Gata ’ criteo Ad Clever Kr i
tamr o iy ZALSNI | 2 collibra ;p:.g(;. Moo & v .; £ b:(: K nrocloetluel': 9 & itegra @eclra (@ OPENGOV @ e INSIKT | KENSHE VTS | fomonade
2 . # *bonsai i : 5 antopiz -~ e
amSess NI | imoort@ 53 Stitch | £ Alation “FiSt SoroCONS ¥ Numerity oo @)toriar ot Kidaptfé® | Marka3 | 2, moseytion CYENC
o i FN| FiscalNote Trueaccord {100 ISENTIUM Y reonomy | SN
drawbridge * Nl ST, claritymoney S TractableY
CROWDSOURCING 4 HARDWARE ————| | SEARCH LOG ANALYTICS 1 SOCIALANALYTICS - WEB/ MOBILE/ TARAD Doty ‘g o know | Sy ® kag'm'il' qaire | Auorr tiix| @ s
amazon mectericatr Google TPU ARM y & elasic splunk'> § Hootsuite. % COMMERCE ANALYTICS Qppier & omusec vea Vidma | a:zssenos » RavenPack
upwork Graphcore ::"':: oracie | @sumobgc | NETBASE ; Gougle
Micre | AMPLITUDE
PP eirono @WorkFusion MYTHIC . DW Algalia logg!‘yK B“T“sn A mlxpone A uoE HEALTHCARE ; LIFE SCI[NCFS TRANSPORTATION 2 AGRICUl'“{R'E COMMERCE 7 OTHER
ypior i awk;m-r s | HEBAQ € synthesio somal B anable | | FLATIRON  w¥auos olor ey | UBER  ZDX | Zguaahtss | Minstacart | SHarmony stem
Qaumse COHO c%? Mowdiiade mmm . logz.io reach < retention FRSIGOPT 2?0""'T°P. Sener 8 Zymerdgen T°=5"" @ famarstoge: | STITCH X ©
panasas NS, TSCONTEX Y NEQUA bitly Predats | o granify custora U'?:Am Glow ., AL g 5—‘5""."' Snavto | povmiogs | et
- ALL] L Cnarions | OTIVOR g i 4
; ONCIS @erttc vontus | = G #HowGood
‘ ; ) iy IS | grrmys ), (0] | MAVIX
= s Citine. yyostan nexar A | & emivion
. ] N — 1] 'm'“““ “l‘r CrvilMaps 5 | = fermivion
s’amazon ) Google Cloud Piatform B8 Microsoft Hewenracios GSAS  JOE vmware TIBCA Teraoan ORACLE Mllnetapy | o =53 P | I northos Brosporo
OPEN SOURCE
FRAMEWORK QUERY / DATAFLOW — DATAACCESS ——— COORDINATION +  STREAMING STATTOOLS Al/MACHINE LEARNING / DEEP LEARNING SEARCH —— LOGANALYSIS <  VISUALIZATION COLLABORATION - SECURITY —
7o ) spak’ sQL ﬁ N @ nifi .mongo‘ ) stalend sporiz 9 theano - mhb .‘n | W 3 ;u{:"\;' D Apache Ranger
& . . E% cassandra e e ion ffe n-— - BEAKER ™ KNOX
Vit ... | E e & 9SciE lizw @cink 3 ® era Soll® iy oN O s=m - 7 rTate
‘ YN TEZ8 "SLAMBATA \on‘u_\. : = — Scalalab Apache @SINGA ey s~ VELES /‘."“‘ ‘?‘ Rodeo A
P @ MESos [Google Coud Datafiow | CouchDB ] cwen e 7@K CoGan §e"°"‘° o [ sy neon FeatureFu *© Ty o i, Mucens . logstash ANACONDA Sentry
HSASE Spanner BCCUMULLO Avocha Akt D
seaik’ © Coome o 2D sroau Ssciry L), Cnme  Aerosolve
DATA SOURCES & APIS DATA RESOURCES
HEALTH 101 FINANCIAL & ECONOMIC DATA AIR/ SPACE / SEA PEOPLE / ENTITIES LOCATION INTELLIGENCE OTHER INCUBATORS & SCHOOLS RESEARCH
JAWBONE' GE Digitc| Bloomberg THoMson reuters [ | DOW JONES = Airware A acxiem g . FOURSQUARE ® E- @ (alvaniz @ facebook research
< vatibie 49 58P a aspire  #8 k-t Experian Sense  Mwerorsis PLURALSIGNT PO %
_ ThingWorx JCiPmaLio @BCBico Xignite Dq‘“‘" i WA wrsiion | o1 o deView & Piaced S DATA.GOV 5 ‘ OpenAl s..}’MlRl
Wd practicef Y#DLEE e My ® = B Coimsan Heiagon @esri = @osicemp 24 Datakite
o A » § somsoro =) PREMISE liestimize uw:, W R £ factual - . o
fitbit GARMIN B eserimma Seckivis  gBrae MRATIOR. | B 3 wivemamn Geasis 9 A panjiva INSIGHT, @2 The Dwa e MET!
@ omsnrrt Qs L\ o8 @) oo SR Flaarenacu STREETUINE enigma j 7 B L .

V2 - Last updated 5/3/2017

© Matt Turck (@mattturck), Jim Hao (@jimrhao), & FirstMark (@firstmarkcap)

mattturck.com/bigdata2017

5 e

62



#> CHALLENGE

MAKE IT EASY
ACCESABLE



Barriers

Technology ISl

Globally accessible & available

e

Requires a mindset change
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Significant challenges to meeting digital priorities

[l Cultural barrier B Other barriers

Cultural and
behavioral challenges

W
w

—_

Lack of understanding
of digital trends

N
()]

N
S

Lack of talent for digital

N
N

Lack of IT infrastructure

Organizational
structure not aligned

N
pr g

Lack of dedicated funding

Lack of internal alignment
(digital vs traditional business)

Business process too rigid

—
W

Lack of data

s
w

Lack of senior support

//Il\ldustrial Lab McKinsey&Company | Source: 2016 McKinsey Digital survey of 2,135 respondents
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Adoption curve

Satisfaction

2 Years Now Intense Some years
Ago testing after

Time >

Source: tech.puredanger.com
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Adoption curve

Awesome!
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2 Years Now Intense Some years
Ago testing after

Time >

Source: tech.puredanger.com
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Adoption curve

Awesome!

Satisfaction

but it doesn't do ...
(Eg: "It can't make sandwich!")

2 Years Now Intense Some years
Ago testing after
Time

//h\ldustrial Lab
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>

Source: tech.puredanger.com
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Adoption curve

Awesome!

Satisfaction

but it doesn't do ...
(Eg: "It can't make sandwich!")

2 Years Now Intense Some years
Ago testing after

Time >

Source: tech.puredanger.com
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Adoption curve
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Models of communication processes

) 4 ) 4

) 4

APPLICATION

ACCESS

*

DATA
ANALYTICS

*

DATA

MANAGEMENT B

DATA SOURCES

Individual Use Enterprise Use Community Use

Audit, Security & Regulation

Knowledge
Assimilation

Analytical
Workflow

On Demand Data Integration

Curation

Scalable
Big Data
Systems

' ~ g
s
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#6 CHALLENGE

ASSURE DATA
GOVERNANCE



Data integrity refers to
maintaining and assuring
the accuracy and
consistency of data over

its entire life-cycle



Change management requires a data lifecycle based approach

._-.'... -. : Data checking ._. . : Automatio

// Il\l)dustrial Lab Source: GMP’s Data Integrity Guidance Documents
Automation




Cross departmental regulatory requirements

Pre formulation

|

-PF IVIVC \

‘ Project ‘—

ormulation ﬂ| Physical AnaIH‘

|

—Fotype analytics
l

HPLC method
development

—p GC Analytiii

utomation

‘ Wet chemisii

‘ Non reg / regulai“




Empowering the e-DATA LIFE CYCLE

S—
Ph ical ial
Research armaceutica Technology Transfer Commercu-a\ Discontinuation
Development Manufacturing

Processes e.g. Archive ; Retention ; 21CFR ; DI, Risk Mgmt.

{ . Management Responsibilities

System Life Cycle >

A A A
|1

- -
4 \\/

Data Life Cycle

Data Life Cycle

Data Life Cycle Data Life Cycle

Prior Knowledge

Secondary data

Process data ; QbD, data analytics, Other.....

PAT, sensors, loLT

- /J\ /J\ /J\ J

—

Laboratory data

Data repositories - SQL ; NoSQL ; Data Lakes

—m eCONNECT, eMANAGE, eDECIDE, eARCHIVE
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US FDA Observations Summary

21 CFR Part 211 Observations

CURRENT GOOD MANUFACTURING PRACTICE FOR FINISHED PHARMACEUTICALS

800
Training, 4%
700 Methods Controls,
Validation, 35%
13%
600 Inadequate B
Records,
500 27% Stability, .
21%
400
300
200
) l
0 T T T T T

Production & Organisational & Records & Reports Equipment (Subparf Laboratory Controls Inadequate Inadequate raw Deficiencies
Process Controls Personal (Subpart B) (Subpart J) D) (Subpart 1) vestigations of material testing [ associated with Lab
(Subpart f) Batch Failures controls
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Laboratory data integrity observations

Alteration of raw, original data and records
Multiple analyses of assay with the same sample without adequate justification

Manipulation of a poorly defined analytical procedure and associated data analysis in
order to obtain passing results

Backdating stability test results to meet the required commitments
Creating acceptable test results without performing the test
Using test results from previous batches to substitute testing for another batch

Training, 4%

Methods
Validation,
13%

Controls,
35%

Inadequate
Records,
27% Stability,

21% Source: FDA



Attention areas: data governance

Data security protocols

Master Data management

Each interface is a potential Data Integrity challenge
Long-term data access control

Privacy regulations incl. new European GDPR compliance
Enforcement of data and ontology standards
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Transforming scientific information into actionable insights
Take away message

People
— Data consumer vs data creator mindset change
— Think data lifecycle
— Think capabilities vs technology first
— Avoid applying previous excuses
Technology
— Apply industry data access & security processes
— Apply cross industry standard technologies
— Apply visualization to data analytics
— Utilize 24x7 global IT technology to reduce TOC

— Include roadmap to address upcoming technology obsolesce
— Go mainstream

Processes

— Apply as much self documenting context & meta data in all processes

— Apply consistent standards (incl. ontologies and taxonomies) to assure finding the right data
— Involve management to assist breaking internal silo barriers to address data life cycle
— Define long-term ownership of master data
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