Discoverant Extracts
More Value from BMS
Electronic Data Sources

Joseph Shiminsky
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Ag enda
» BMS Large Scale Cell Culture (LSCC) Facility

» Overview of LSCC Paperless Plant Systems

» Quality Control Hierarchies

» Process Hierarchies Leveraging Electronic Data
Sources




. Project Overview — Facility Scope

BMS has invested
$750 million in the
construction of a
Large-Scale Cell
Culture (LSCC)
manufacturing facility
for the commercial
production of
biopharmaceuticals
in Devens, MA.

This facility has120,000 liters of bioreactor capacity. Designed for multi-
product campaigned manufacturing.
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Paperless Plant Business Requirements

4 ADMIRATION

= Reduce Deviations = |Improve Inventory Management
Recipe Driven Operations Recipe Driven Operations
Automated Equipment Material Tracking
Electronic Work Instructions Weigh and Dispense

Equipment Tracking

= Expedite Batch Review & Release

Recipe Driven Operations = Drive Standardization

Electronic Data Capture Recipe Driven Operations

Exception Reporting Utilize Industry and Corporate
Standards
= Improve Data Analytics Capabilities

Efficient Data Analysis

Data Sharing Across Biologics
Network
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KPI Dashboards
Enterprise Data

Historian

Enterprise Reporting

Advanced Analytics

Enterprise Manufacturing Intelligence Portal

Batch Query/

Reports
eBatch Rcd

Common
Data
Historian

Mfg Operations
Analysis & Reporting

ERP

Mfg Engine
(W&D, Work
Instructions)

Batch Engine
(S88 Recipe)

Plant Floor

(DCs/PLC, BAS, PAT
System/Devices)

Plant Execution and
Transactional

Paperless Plant Components

LIMS

Methods Execution

Maintenance &
Calibration

Doc. Mgmt

Training Records

QMS/CAPA

eChange Control

Supporting Business
Systems
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Interface - MES/SAP

ERP

ADMIRATION

MES

)
~
)

Planning,
Purchasing,
Receiving [ — Generate
Raw Material Process Order— Batch Scaling,
‘ Allocate
Order — Materials
QC Testing, < Materials .
g
i Release
Dispense Material
T———— Move
e _
Materials Weigh &
Dispense
Materials
Prepare
o ’_Query_’ Prepare
Confirm mll Status Equipment &
Material Status Execute Recrpe
F— .
Process ~~Confirm
l Status —
Charge
Consume Raw Materials &
Materials Decrement_—— Process
<= Inventory ‘
SRR QC T(}stin Create Inventory | Create Finished
Releaseg’ Send Confirmations Goods
Close Order
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Interface — MES/LIMS/Lab Notebook

MES LIMS Lab Notebook

e RELIABILIT el

ADMIRATION

Start Recipe
Execution

Initiate LIMS Job
Generate
Sample ID’s

Start
Processing Request Sample ID

Return Sample ID Record LIMS
Sample and

Send ID
Collect Sample

Send Sample _
Receive Test

Start Assay Request

Preparation

Continue Return Results Conduct Assay Send Test
Processing if Required & Approve Results
Results

If Material

Consumption

Update
Send Process Order

Genealogy

Genealogy
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Interface —-MES/Asset Management

ADMIRATION Asset Management MES

. N s D
Req_uest Asset Start Recipe
Prepare Determine Expiration Date™] Execution
Asset )
Expiration Date [TS~_
Return Expiration
Date
" [ Determine OK
to Start
Processing
Process
8 / & o

Asset expiry is earliest
of 3 dates:

Calibration due date

Complete PM due date

Corrective
Maintenance due date

ENLY Bristol- i
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What can we do with all of this data?
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Data Analytics Vision

ADMIRATION

» KPI Dashboards

— Facility and Process Overviews
— Drill Down Capabilities
— Transparent Data Access

» Enterprise Reporting
— Standardized Process Trending Capabilities
— Biologics Network Data Sharing
— Efficient Tech Transfer of Future Processes

» Advanced Analytics
— Implementation of Statistical Process Control Programs
— Increased Understanding of Process
— Predictive Multivariate Modeling
— Support of Investigations, Optimization and Troubleshooting

!:Y; Bristol-Myers Squibb Company
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Quality Control Systems

ADMIRATION
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» Electronic Laboratory Notebook
— All data used in the analysis of a sample is captured in the

electronic laboratory notebook
« Analyst
o System Suitability
 Raw Materials
 Equipment
— Final Result Forwarded to LIMS

» LIMS System
— Sample ID linked to electronic laboratory notebook
sessions
— Only the final result is captured in LIMS
— There is some supporting sample context data

2, Bristol-Myers Squibb Company
A\




» Discoverant allows data from the electronic
systems to be pulled together under a specific
context

» All of the supporting information contained in the

electronic laboratory notebook system can be
leveraged and used to understand the variability
observed in laboratory analysis results

Unique views of data can be constructed to answer
guestions on analytical method systems, results
analysts, equipment and materials

:EZT; Bristol-Myers Squibb Company
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First of Kind QC Data Hierarchies

» System Suitability - Allows the user to trend the

controls and standards within a method to help
determine how the QC system and method is
performing.

Sample Suitability — Allows the user to trend
sample results to navigate through the Smartlab
data and to help identify the sources of variability
that can impact the sample result.

Environmental Monitoring - allows the user to be
able to trend environmental monitoring and water
testing data by Area, by Room, by Site, by Test, by
Date Range and by Person Tested

AVAN Bristol-Myers Squibb Company
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sz OQverview of QC Data Hierarchies
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Hierarchy: Sample Suit

Hierarchy: System Suit
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Statistical Process Control of Methods

» Increase Understanding of QC Methods
» Reduce QC Method Variability
» Support Manufacturing Investigations

» Provide Early Warning of QC Method Issues

/,U Bristol-Myers Squibb Company
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Statistical Process Control of Methods

4 ADMIRATION
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Procedures are being developed to standardize
SPC strategy

Procedures involve leveraging data compilation
capabilities to analyze data and develop statistical
control limits.

Limits are then applied and used to identify special
cause variability of method system suitability data.

Outliers are documented and investigated by SMEs

Data hierarchies are used to support the
Investigation

:EZT; Bristol-Myers Squibb Company
NEAY/



TECHNICAL
©OrerATIONS

03M52011 10:29:10
0342011 08:04:20
02202011 12:40:20
0201102011 11:54:45

03112011 11:31:341

|
%7
|
\ 03062041 13:12:26 2
// _l
e
\\
/

g
=
g
Q
@)
2
2
3
<3
n
§
>
Z
2
4
L

03022011 13:16:31
020202011 08:51:40
0292011 12:46:28

0262011 11:21:18

/ 024152011 12:16:29

0201402011 1827 .22

\ 0201402011 10:28:26

0201302011 18:02:04

ing

02012/2041 08:57:01

L]
Samples

/
/

\ 0241262011 13:93:59
/ 021242011 10:51:07
\ 0241162011 20:94:26
0241142011 09:00:24

0241042011 09:21:53
020842011 09:50:24

02A22011 10:00:16

02072011 09:45: 16

028052011 12:50:55

0200202011 11:46:34

020202011 170226

020202041 02:17:23

Suitability Trend

02801/2011 15:24:56

Aaave

020142041 09:39:57

22

1
o™

2.1
216
214
2.1z

Bl &
5| 5
=
(=]
ooF T

18



TECHNICAL
©OrerATIONS

()

QUALITY

Ability to Navigate through Data

Category Values

Categany: |NANAMGRHA System Suit.lnfoAnalyst

i=hlones= [l
MAMAMGHA Systern Suit Equip. HPLC 1D

FlARATGRA System SuitEquip.Lot Mo Col |-
FARAT GRA Systerm SuitEquip. Lot Mo Guard Col

MARATGRA Systerm Suit Eguip. Supp Col

) MAMNAMGRHA System SuitEquip. Supp Guard Col

- | alue
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& Discrete Control Charts (Water Testing Demo)
setup | piot| Repor |
rAnalysis Group Selection

Ability to Navi
EM Example

gate through Data —

IWaterTesting Dema Ll Ileny..

- Axis Parameter:

Available Parameters:

Selected Parameters:

% BioMicro IDs I "  BioTotal CFU_ML
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Bio.Mold Micra Marph 4]
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Bio.Sample Source il

Bio.Total GFU |

Eio.Total CFU_100ML LI

Bio.Total GFU_ML Ad|
rChart Options
Chart Type: IIndi\riduaIS Ll Rules... |
rAxis Values rSegmented Chars
VRN FParameter Set Groups [~ Use Segmented Chars
& Subaroup Size: |2 & Segment by Parameter: | <Select Values ;l
) Grouping Parameter: |<Select Walue= LI ) Segment by a change in cantral taraet values
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Micro IDs

Par.. |...]...|FIELD_IM... |Bio.Micro D=
&

1 R 1|Gram positive headed rod
2 W | .. 1|Gram positive beaded rod
3 R | 1|Gram positive beaded rod
4 R 1|Gram positive headed rod
] R 1|Gram positive headed rod
G W | .. 1|Gram positive beaded rod
7 R | 1|Gram positive beaded rod
a W | 1|Gram positive headed rod
4 R 1|Gram positive headed rod
10 R 1|Gram positive headed rod
11 W | .. 1|Gram positive beaded rod
12 R | 1|Gram positive beaded rod
13 W | 1|Gram positive headed rod
14 R 1|Gram positive headed rod
15 R 1|Gram negative rod, minimal growth
16 W | .. 1|Gram negative rod, minimal growth
17 R | 1|Gram positive beaded rod
18 W | 1|Gram positive headed rod
149 R 1[Bacillus lentus
20 R 1[Gram negative rod, pleamaorphic - minimal growth
21 W | .. 1|Gram positive beaded rod
s R | 1|Gram positive beaded rod
23 W | 1|Gram negative rod, pleomaoarphic - minimal growth
24 R 1|Gram positive headed rod
25 R 1|Gram positive headed rod
26 W | .. 1|Gram positive beaded rod
27 R | 1|Gram positive beaded rod
28 R 1|Gram positive headed rod
24 R 1|Gram positive headed rod

Bristol-Myers Squibb Company
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Configuration Challenges

» Prior to configuration develop a detailed
understanding of the underlying data structure in

each source system

— Text vs. Numeric Fields

— Approval of data within each data source
— Organization of data

» Focus on Developing Analytical Goals

» Begin Developing Procedures to Assess Changes
In Source System Data

%‘«Zﬁ* Bristol-Myers Squibb Company
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Validation/Qualification

ADMIRATION

» Separate Discoverant System Validation from
Hierarchy Qualification

» Leverage the Hierarchy Verification Utility (HVU)
— HVU is a COTS tool that allows data to be input in the
Discoverant system and compare the entered data to
source system data using the system configuration

» Develop a Hierarchy Qualification Procedures that
IS flexible but still meets cGMP requirements
— How will the current hierarchies be maintained?
— How will additional hierarchies be added to the
system?

PA e Bristol-Myers Squibb Company
24 N/
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Electronic Batch Record Design

4 ADMIRATION

— Analytical Requirements
e Samples

e Link to Lab Execution
System for Assays

— Bill of Materials
 Material ID’s
 Material Quantities

. . — Exception Definition &
— Processing Requirements

_ Recognition
* Instructions e Control
« Parameters e Limits

 Order of Execution e Notification

e Documentation

—_————————"—" = :\ZT Bristol-Myers Squibb Company
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=All recipes have been configured
using S88 structure

»Recipes interface with LIMS, ERP,
MAXIMO, Data Historian and DCS

Master
Recipe
Process
Segment

'

| Procedure |

'

Unit
Procedure

|

Operation |

Phase

Work
Instruction

Bristol-Myers Squibb Company
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ADMIRATION

An enormous amount of data is now available for
data analytics.

The challenge is to create context around the
data and organize the data from each source
system.

- —————————————— * Bristol-Myers Squibb Company
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Process Hierarchy Configuration

» The hierarchy is configured to the MES system to

pull all discrete batch data (except LIMS data)
— Universes within the hierarchies have been designed to be
generic i.e bioreactor, chromatogrpahy

» Contextual information from the MES system is

used to pull data from other systems
— MES data is used to pull data historian data and LIMS data

» Genealogy is tracked in the MES system. Database
views have been created so that the hierarchy
configuration can derive the genealogy from the
MES data

%‘«Zﬁ* Bristol-Myers Squibb Company
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Challenges Encountered during
Process Hierarchy Configuration

» The electronic batch record recipes are dynamic.

Context needs to be created leveraging objects

within the recipe structure.
— Chromatography Cycles

— Reprocessing

— Cell Culture Growth Data

— Equipment Status

» Data must be structured to meet analytical goals

» Data Overload

— So much data is available it has been a challenge to stay within
scope.
— Analytical goals must be established and adhered to.

» Changes in MES recipe structure can break
hierarchy configuration

ANl

&3> Bristol-Myers Squibb Company
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Benefits of Hierarchy Configuration

R ELmBILITY

to Electronic Systems

» The hierarchies are being configured based on S88
structure of the recipes. This allows for efficient
changeover to a new process

» All batch data is available for configuration

» The hierarchies can take advantage of any data
available from the MES, LIMS or Data Historian
systems

» Datais available near real time

- \ \!,\ Bristol-Myers Squibb Company
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Process Hierarchy to Support
Business Processes

4 ADMIRATION
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» Annual Product Review (APR) | |
— E]ataAgrEzalyss can be automated reducing the time required for
e

» Quality Investigations - |
— Provides a validated source of data to utilize in manufacturing
Investigations

» Process Improvements o
— Improvements to process robustness and productivity through
trending and multivariate analysis will be straightforward an
done with validated data

» Statistical Process I\/Ion_ltorlng o
— Allows for the implementation of statistical rules to be
automated S
— Real-time alerts of trends and limit violations
— Ad-hoc and standardized reports and graphs can be generated

» Technology Transfer _ o
— Standardize the platform to view and perform statistical
analysis on data from biologics network

:EZT; Bristol-Myers Squibb Company
NEAY/



35

Current Status of Process

Configuration

m

@

*

I FREAEAEAEEREIE e EEEEE

B Info

B Media

[+- 98 Basal

B Consummables
B Equipment

® Innoculation

1-89 Daily Samples
1-B Calc Sample Params
1@ Inoc Required Roll

B Inoc Required bag1
B Inoc Required bag2

- B Total Vol Available

B Info

% Sanitize
82 Equil
2% IGED]

- B Vol Check

8% Wash
?% Elute

1% Clean

|-9% Sanitize-2
189 Store

#- B Pre Cond Adj

B Post Cond Adj

& B Step Yield
#-B CPPIPPs
& %% Chrom Online

Hierarchy
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Example of Cell Culture Growth Data
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ADMIRATION

Line Plot
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Example of Chromatography Yield Data
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Future Hierarchies

38

» Buffer Prep Centric Hierarchies
» SIP Centric Hierarchies
» CIP Centric Hierarchies

» Cross Facility Product Specific Hierarchies

\
ffffff

&% Bristol-Myers Squibb Company
N/



TECHNICAL
OrerATIONS

8

#===m Data Analytics Vision

sComplete First of Kind Hierarchies

=Develop Standardized Reports

KPI Dashboards

=Design KPI Dashboards

Enterprise Data
Historian

Enterprise Reporting

Advanced Analytics

Enterprise Manufacturing Intelligence Portal

&% prstol-Myers Squibb Company
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Questions?

S
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