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If you Remember from our Last Webinar...

Outsourcing relationships
benefit from aligning CDMO
expertise with client needs

Quality has superseded cost savings

, O as the top criterion when companies
Quality choose their CDMO partner.

Management
Clients often stand to lose a
significant amount of Clients are required to
control and visibility over O Loss of C divulge considerable
their processes Loss of Control Intellectual

amounts of confidential data.

Property

Biopharmaceutical Contract Manufacturing Market (3rd Edition), 2019 - 2030, Roots Analysis \ /\?D? I LJS


Presenter
Presentation Notes
Challenges Related to Outsourcing


New CDMO Challenge: Data Access and Sharing

Disparate internal
and external IT
and data
management
systems

. Compliancein a
Data stored in Increased P

: L new era of
non-electronic complexity in regulatory
systems (e.g. global supply scrutiny (FDA &
paper records) chains SEC)

Top Data Related Challenges in the CDMO Industry

Source: Skyland Analytics, The New Challenge: Data Access & Data Sharing (2019)

Process
complexity of
new therapies

SARTORILS



So What?

Many large and small

CDMOs don’t have data
management systems in

place

These CDMOs struggle to
provide secure, compliant
data sharing with their
partners

Therefore they have
to manually extract,

manage, and share
their data

SARTORILS


Presenter
Presentation Notes
A lack of data transparency can result in:
lack of process oversight 
loss of process IP
difficulty when transferring the process to internal facility or third-party operational inefficiencies such as waste, long cycle times, low yields, minimal throughput, extended time-to-market (and revenue), and diminished margins
cost to the business reputation: product recalls, material supply shortages, disruptive M&A activities, decreased valuation, failed audits, and lawsuits.


Lack of Data Transparency Can Result In....

= Delay in Business Critical
Processes - tech transfer, |P
transfer, regulatory approval,...

= Operational Inefficiencies -
longer cycle times, lower yields,
minimized throughput...

= Cost to Reputation - failed audits,
extended time-to-market, supply
chain shortages...

. SARTORILS
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WHO WE ARE

Pioneers in operational data management
for essential industries

( OSilsoft.

40

years

$5B

valuation

21k

sites

140*

countries

2B

data streams

24*

of our first 25 customers
are still with us

© 2020 OSlsoft, LLC 8
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Presentation Notes

OSIsoft has been the pioneer of helping customers harness the power of this data for over 40 years
<cover statistics>

* # 25 ceased operations!


Leading the market in critical operations

Oil & Gas

85%

of the top oil and
gas companies

( OSlsoft.

Power &
Utilities

1000~

utilities
worldwide

Mining &
Metals

25

of the top 25
mining and metal
companies

Pharma &
Life Sciences

25

of the top 25
pharmaceutical
companies

Chemicals

9

of the top 10
chemical
companies

Manufacturing

6

of the World
Economic Forum’s
Factories of the
Future

© 2020 OSlsoft, LLC 9
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Presentation Notes
OSIsoft has been helping the world's leading companies harness their data for the last 40 years.
Companies around the globe, across industries, trust us.
<highlight relevant stats>
They all deploy PI System software to monitor, manage, and continually improve their critical operations.

NOTE:  You may prefer to swap out this slide for an industry-specific one (eg, pharma slide for a pharma audience)


OSlsoft: Proud to support the Pharmaceutical Industry

Frame = EA customer

@ ('} N 0 VA RT I S MERCK % me" E ( G I LEAD : GlaxoSmithKline
6 SANOFI u @ Vaccos

obovie | AMGEN |strazenecs™>] “iAllergan LLT/1] | st e s éf@y ¢4 Bayer

astellas £hire’Blogen CSI.

,OTSUKQ moderna | =) Abbott ) Fresens m GRIFOLS | REGENERON

messenger therapeutics

)N
g

~N Boehri
g

novo nordisk

&L

DSM i REDDYE SAMSUNG BIOLOGICS

érﬁ, Sumitomo Dainippon ” Mallinckrodt M MENARINI 6 aspen Lo nza
J) Pharma tcais u PHARMACARE

Pharmaceu

© Copyright 2020 OSIsoft, LLC
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https://www.rankingthebrands.com/The-Brand-Rankings.aspx?rankingID=370 
All top 22 compaines are PI users
Nr 23 Mylan is not
Nr 25 Daiichi Sankyo is not
Nr 28 Valeant is not
Nr 30 Sunpharma is not
Nr 31 Eisai is not
Nr 32 Servier is not
Nr 33 Endo is not
Nr 41 Alexion is not
Nr 44 Mitsubishi Tanabe Pharma is not
Nr 45 Lupin is not
Nr 46 Actelion is not
Nr 48 Kyowa Hakko Kirin is not
Nr 49 Ono Pharmaceutical is not









http://www.bms.com/
http://www.boehringer-ingelheim.com/corporate/home/home.asp

OSlsoft: Proud to support the Pharmaceutical Industry

ALFASIGMA Y Perrig_c_)“ @lkermes* e’ GCBT B/BRAUN it Str'y ker

Y
h

FERRING| (€ WdBickds s ) UDENTES > AMPIO 4 PBIO-RAD
PHARMAGCEUTICALS InnOIBeEEThA J ”””””””””” : Ppmiﬁ nnnnnnn IntarCIa BIORAD

A WuXi AppTec Group Company Therapeutics Inc

o FUJFILM
PAREX EL® I NTE RQU ] M Re Cl PECI:] r?bl.;m WTE ) Dit ,synth MILLENNIMAL& INC bra[ﬂlmrﬁio V E IQATEX
bi ‘

iotechnologies

D Va ® SNe, A
Paragon f‘w"ﬂ*"f’“n’-%li'"‘:JGENiCS Iek ;Mc @ GEDEON RICHTE -‘? \é;’ AV
BIOSCIENCES | //I « Sancios company ZGNTIVA R %‘1 scé-":' ’A‘
_ Senpnes® ZTNTASLY
SS A - e . \
Alcon SI?".tﬁotek ~=KBIl West € BioVectra (Seqrr US | @Dhuysynthes @ o
v A CSL Company uebirdbio

© Copyright 2020 OSIsoft, LLC
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Presentation Notes
These are additional pharma companies and medical device companies. Also some new VC founded once in the new Cell & Gene therapy using PI like Bluebird









Digital Funhdament
Plug & Produce

&, Knowledge driven

o
o )

Information

i y
e o
o) N\
@- mer  Metadata
B .- -
) -

© Copyright 2020 OSIsoft, LLC 12

° i
= Usgr Driven
Agile

Transparent
Value driven

% Data centric

* Accesible

e Scalable




100
01o

User Driven, who are the drivers?

targets and
KPIs?

Management

Consolidated
data in context
of other data
like KPI (e.g.
OEE)

@ Low granularity

(Are we mea‘inyhat is the

correlation and
causality
between
different data?

Normalized,
easily
accesible
validated data

Very different

\need? )

SUPPLY CHAIN

Combine EBR
and
Operations
data

Days

\CQAs? )

Process,
material, IPC
and Quality dat

Hour to days

N

Aggregated data

from the

process.
Reporting
(EBR/RbE)

Hours to days

predicted
asset

performance

with

automatic
notification

Minutes to hours

In context of

Experiment,
pilot and
material

data,
processes
and
performance

Minutes

7 N (What i \(, h ldi
Are_ we «::Ibl? to V!/hat is the Are we (When is A (Bwldmg A (Is process
deliver in time, || risk and how meeting maintenance|| knowledge performing?
do we have the || are the CPPs || quality best management || Can we
materials we influencing Targets? || performed? || on science & || optimize

\process? )

Context of
overall
process

Seconds to minutes

© Copyright 2020 OSIsoft, LLC 13




Three key dimensions

Tech
e Transfer
Layers
Business cell ‘
"""""""" Cult.
Functiomdl. .. ... G
Information_____ ‘ Chrom. PR&D S88/95
Communication __ % =
Integration - —_ il TFF
RO ool i o Cooe ®
: Product Process
Equipment Model Lifecycle Model

© Copyright 2020 OSIsoft, LLC 14




Equipment & Process models builds the Smart

& Ozona
i @ Acd gasRemoval
i (@ Detration

Metadata gt .
Sensors e R S T e
Time Series N\ 3”‘5;"2:’,.;
Equipment data covah e = 8 sweewoun
Farmantatian Template Performance curves | | Digital

Bio Pharma
KPIS{)(P)EE Plant #1 Plant #1

s j

& Ozona

- @ A |
Alarms - @ oeeon -

ol - | Fla-cho.ﬂutbn Train i
Events [ - ( DASGIP-D1-6

i-- (J DASGIP-D1-8

Notifications P B
. O i i ; - i @ Sweetning Unit
Predictions y ! -

Biomass Pharm

Product ' Plant #2
Metabolites _ —_—

Digital
Plant #2

3 Ozona
i—- (@ Acd gas Removal

o

e
= |

o [ e
i e [l
= —

1 ~
A~

Endpoints =y L B
Calibration status L8 v P — ik ccksks

i @ Nitrogen Reinjection
i (@ Sulfur Unit
i [ Sweetning Unit

CDMO Digital
#1 Enterprise

CDMO #1
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Presentation Notes
Another example for a digital refinery. 


Pharma, a truly global ecosystem

\; : |97,'

Key Data Centre

Manufacturing Plant

CMO/CDMO/CMA/CRO

\

"

The Numbers Game

¥ > 200 Individual Product Families
» > 2000 SKUs
» >18000 Raw Material SKUs
729 Iinternal Sites
» 130 External Sites
>0 Products Made all Internally
[ e e e oE =
# of Parnars 108 480 £83a
# o Sites 130 814 T44
# of SKUs 2000 18,000 20,000

© Copyright 2020 OSIsoft, LLC 16



Global Process Maps
(ohmsonfolmon Process Visualisation m

[ . FOR INFORMATION ONLY, NOT FOR GMP USE.
|All Sites :
All Sites
— Biogen Idec 111.36

B d 90.61 A 1

eerse 69.86

: 4911 1 / 0.03

Cork Bio 06/01/2015 06/01/2015 06/02/2015
Cork Chemical I 06:39:11 18:39:06 06:39:02

+ Plant3 | Pressure Data

¥ Mod1 |

£ 003

102 = 0.03 19.85

Global Interconnected Standard Visualization

1.00

0.00
06/01/2015 06/01/2015 06/02/2015
06:39:11 18:36:02 06:32:53

20.97
io0a N Bottom T
i, ottom Temp
10.83 ‘l\.fﬂ A )

72 N

06/01/2015 06/01/2015 06/02/2015

06:39:12 18:39:12 06:39:12 20.07

Source: P McKenzie Janssen

© Copyright 2020 OSIsoft, LLC 17



How do we reach the

Remember it is about the business strategy

© Copyright 2020 OSIsoft, LLC 18



From standalone to integrated operation

2.
8 Connect all A ' Data Integrity (o Deliver

equipment . Enh e Increase reliability
e Full visibility nhance e Increase

* Trustworthiness performance
e Accessibility
1.
Simplification

~

. ) 3.
Productivity

© Copyright 2020 OSIsoft, LLC 19



From standalone to integrated operation

2.
A Data Integrity e Deliver o

4. Advanced
( Analytics

(o Connect all
equipment e Metadata * Increase reliability e Golden Batch
e Full visibility . ¢ Increase .
e Trustworthiness erformance e Predictive
e Accessibility P e Prescriptive

&

o 1. _
Simplification

__ 3.
Productivity

((() OSlsoft.

© Copyright 2020 OSIsoft, LLC 20



1. Simplification

© Copyright 2020 OSIsoft, LLC




Pl Enterprise Validation Approach

Business Process & System Upgrade
Change Control
N\ N\ A N\
Control ) Capture |  Store | Organize % Visualize
1:-“’ e ,r'.f/‘ /
L "; .r""lr .-":-Rl J'I»Kf
BIERE.F;L'I'DRE W
‘ﬁ;’ S o Lz
s g k = il
¥ | X & i
BME Pl Interface MNodes Pl Connector Corporate P!
FREEZERS Relay Server Servers @
INCUBATORS ETC \
VALVES
Historians |gni|'i0n“./
H} Vendor 10Q
SRR System Testing (0Q)
Business Site SOPs Business UAT

s % Focus on the Enterprise Historian NOT the Site

© Copyright 2020 OSIsoft, LLC




i Pl Enterprise Historian

ﬁ Cambridge Site (Silver)

OSI Pl System After ) ——____
/ z

s

m"‘!'mlm e

ian (Gaithersburg)

© Copyright 2020 OSIsoft, LLC



Customer Value — Tags & Assets

** Deployment of new assets with templates

» Standardized navigation for assets allowing
users to quickly find instruments and data of
interest

% Ability to integrate process data with other
asset context

» Alignment with AZ standards for tag naming
and architecture

*

*

*

21 (‘OSISOI(L Virtual Industry Summits 2020

Elements

= (i Elements

B~ (J Cambridge

& @ CCFs

B (§ DASGIP

&l ( DASGIP-D1

-5

-~ () DASGIP-D1-2

- () DASGIPD1-3

- (J DASGIPD1-4

-~ () DASGIPD1-5

- ( DASGIP-D1-6

-~ ( DASGIP-D1-7
- () DASGIPD1-3

B~ (§ DASGIPD2

[#--~ () DASGIPD3

-~ () DASGIP-D4

#-- (G Large_Scale

[+~ (J Retired_Systems

- § WAVE25

- @ FS

- @ PPS

B~ @ Frederick

- @ FR633

Al cnes

==

© Copyright 2020 OSIsoft, LLC




Customer Value — User Interface

*

*e

7
Q‘.’ *,

d

*re

*,

d

*re

*,

*

* 4

*

22

An enhanced, web-based, user experience
Increased application stability

Ad hoc report creation without needing local
PC installs, reducing overhead for our support
teams and our users

Improved reporting for GMP equipment

No interruptions to critical processes in our
R&D labs and for pilot plant operations

L OSlsoft.  Virtual Industry Summits 2020

© Copyright 2020 OSIsoft, LLC



I I ] =l

Customer Value — Future

Ll pL = o R T o | b P .
W N8 L ‘Ir:‘ul"\ﬁ?‘n'r"-lll ' Vet ,._r-l-"' o M "*IIl..-’ru

[ ili

T T | L S

=M

i

< AWS cloud supports better collaboration
across sites ST A,

<+ Capability to determine “Golden Batch” - — : R

% Ability to use mobile devices

L. Comcrpacn Thsle deom b A M sk Frmcmart Farai =
IER | ! 160m i 3 | el ;Lu.n.
i |12 } | nm | wm | | B
= s
== =3 Stad.Dev --L_,:l
J "
e - = lverage
-= -3 5tdDev
25 i 3 Std Dev
] Wash 1 :
120 3 -=- AVETAQE
20 - FMC UV meter wms -3 Std.Dev
3 pathlength different oo}
=) ] ] -
Z 15 E & . Fﬂﬁw - ’
2 ¥ ] M ,
: g
10 ',__J 1 i
2 404
= ]
5. % 2
o]
| ]
-]
5 = 2 L ey ; -
- T T — T T T T T 71 - - 4 4 o
0 02 04 06 08 1 12 14 15 18 2 22 24 25 28 A I:Li'_n inwzf_m o:chm ::n ik e & P .
Column Volumes (smoothed and shifted) s : ' - £

23
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2. Data Integrity

© Copyright 2020 OSIsoft, LLC




Validation of a global data mart

The infrastructure qualification approach
Step 3 r\ f‘\ Already available

) T b RiReport User Performance ‘ @ ®
G . ll'-, Reqwrements Qualification | _' l@ E3g
/f @

.| Functional |‘ /| Cperational II.'

60% reduction of local '. Specifications | | Qualification /

-

GlaxoSmithKline Vaccines

Creating a global Pl Solutions Store to Ease Site
Deployment and Increase Compliance

Align and accelerate OSsoft Glabal qualification approach o B’ Notifications
deplﬂmeﬂl in paraliel cn 5 OSisoft tools with pre-gualified qualification effart L
manuiacturing stes and documented modules | L / Manual Logger
\ System l _[ instalation J / =
- Saveral sites implementation 1o = Strong parinership with GSisoft = Similar approach for other Specifications | Qualification 0 Asset Analytics
manage in paraiiel (EA) and PAS imMegrator systers; ROI afler 5 Instances !
implemmentation | / fl'I Interfaces
= Minirmize the local effans for = Imwotvement of local sites inthe ! |
implementation & guakfication budget estmate and scope i :mt:: ﬁ;;:gyr:‘::‘fﬁ: 1"3:: | Coﬁggsﬁ;nuan | III‘
derlirillcir collaborative approach A A ']
Simplified \-cycle
Ot et
I‘E:.-"' Pl'World aarceons 20 #FIWork 2B OISk L] &"‘ PlI'World assceons 20w . Done snce |ghobally) : Done locally (once | Instance)
Solutions
Maintenance 4.0 Alarms Analytics EMS Analytics
CBM & Predictive Equipment & PCS Room analytics / HVAC Qualification
Facilities
Deviation Investigation
Pi-DataLink, Pi-Vision & RT-Reports

Eqmpments Autoclaves

(Std

objects)

Reporting gital Dashboard Process Machine Learning
(GMP or not) OEE, Analytics ...

© Copyright 2020 OSIsoft, LLC 28




Data Integrity

Before - Paper After - RbE

RtReport Template: Chromatography Review-By-Exception Rev: 1.0{Unit ID:
Rt R e p O rT Batel ID: Recipe: PR_ _PART 2
[ESTEEI—— T Start Time: 24Dec19 12:40:33 | End Time: 24Dec19 18:58:00  [Exceptions Effective Date:

No Exceptions

Pl Historian BIOMARIN

Overall Recipe Trend -~

User: & 9% Recipe: PR_ . PART 2 Start Time: 24Decl9 12:40:33 End Time: 24Dec19 18:58:00
mSlcm
mSicm pH AU L oH
Al

L

A I i
/ V& o =
4 L~ L

12/24/2019 12:40:33 PM 6.29 HOUR(S) 12/24/2018 6:58:00 PM

Equipment Interventions

No Equipment Interventions

Process Parameter Exception Review

No Process Parameter Exceptions

© Copyright 2020 OSIsoft, LLC 29




Data Integrity — a global snapshot

EU Total responders 67
Ongoing Data Integrity projects 55 =82%
Planned Data Integrity projects 12 = 18%
Jan 2020
*
USA Total responders 82
Ongoing Data Integrity projects 65 = 79% China Total responders 100
Planned Data Integrity projects 16 = 20% Ongoing Data Integrity projects 63 = 63%
Jan 2020 Planned Data Integrity projects 26 = 26%
Oct 2019

© Copyright 2020 OSIsoft, LLC 30




Data Integrity and Contract Organizations
(CMO/CDMO)

Data Integrity Lifecycle

Processing Semi-Active Long-Term
Storage .
Manipulation (or transmittal) Archival

Carmelo Rosa, Director of FDA OMPQ's
“Data integrity issues have always existed!”

Drug makers should not look to contract manufacturers to
reduce their responsibility for data accuracy and reliability,

Some b|0pha Fma com pan|es rega rd Contract testl ng and whathcontrols do e whatP::ontroIs do what;ontrols do whathcontrols do
c 5 . . YOU have over YOU have over YOU have over YOU have over
prOd uctlon Operatlons as one Way tO a”eV|ate thelr your suppliers re: your suppliers re: your suppliers re: your suppliers re:
o o - - - cGXP data cGXP data cGXP data cGXP data they
|nVOIVement IN II"ISpECtIOnS and deallngS Wlth reQUIatory creation, processing, transmittal, data have archived for
. - collection, etc.? editing, review, stored “live” on the long-term on
aUthOrItIES. manipulation, suppliers’ your behalf?
etc.? networks, etc.?

Data Integrity issues are a Global problem

2016 Cerulean Associates LLC www.Ceruleanllc.com 8

Source: John Avellanet — CMO Conference www.ceruleanlic.com

“Every gram we produce is valuable, however the data behind every gram is more valuable” SVP Lonza

© Copyright 2020 OSIsoft, LLC




3. Productivity

© Copyright 2020 OSIsoft, LLC




Supply chain management and CMO

Real-time visualization of the process data in a format that’s

SHEA- 10 O S LRy = Suppiy-Ghain easy to understand from the CMO.

P S ™= - T - =
et Kl E e
i -Hmalne Metrics e ———— - --I Deswice Aansminly 2
, W labily Statiatics ddzdde 3
e il JLpn R froduct | = Pachaon
Cum PR | [ |—"“L"
s *
sl
| tauipment Design/tulkd Test |--I = -I-. Davace 3ub Assambly proces |
Sp
== foint Frocess Tess |
nuGuE marsvEments - -
Do st
Typical Davica
- Ui L]
Sk Assmmbly Prooms fem— .
R e gy | sy
o piona) |
o f P S ™
; Pesaffed g pa rioreance |
Py o Ty RE Frocess Taam
| T ol Mammurement  CTsblesmosting e tiea T roubleshiting
l daka |analag] !
s b At B
& — (DA Toaln art
= il T
| Procem How
|y g Dhetia Pl
[ “ioweo : - ey | e
rams Amasndily | {
lmg raaan | | M o SIS | I||\'wﬂ-::uaﬂu|
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/ LJ\—|:| *D*ﬂ 0,

WuXi Biologics
Global Solution Provider F

LR AREYIRARDERAE]

PIRFEAERNAFEATRE. oI RENIZ, BRI ZHIREY, FEELNRATEREET.

As an intelligent application platform, the Pl system is used to monitor, analyze and optimize plant equipment and processes,
improve the stability of batch processes, and will gradually be applied to global production bases.

¥ BiES5E REEE H147F(E - Liu Song Executive Director of Automation and Information Management Department

Continuous process data cannot
provide batch analysis

The traditional preventive equipment
maintenance program cannot reflect
the actual operating status of the
equipment, and it is easy to cause
production losses when the equipment
fails

There is no reference case for the
construction of process system
equipment and equipment model

Build batch management of cell culture
& purification and liquid preparation
system

Use Pl's AF and EF to generate event
and operation records of equipment in
the dosing system

Real-time monitoring of the operating
conditions of the equipment in the
operating cycle and early warning
(including more than 6000 valves,
3000 gaskets, more than 100 pumps
and agitators)

"":-. #
N

>_>

Process batch management can better
provide process monitoring and
deviation warning

Monitor the health factor of equipment in
real time and guide equipment
maintenance based on early warning to
reduce the cost of equipment
maintenance

Transform preventive maintenance
based on equipment usage to predictive
maintenance based on equipment status

(@ osi

© Copyright 2019 OSlsoft, LLC
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Presentation Notes
我们在使用构建批次数据展示以及智能维护系统之前，面临的挑战： 
我们的解决方案是：
我们达到的成效：
这是我演讲的总结. 大家看看有没有什么问题，可以进行提问。



Pl System
Global Architecture Diagram

Worldwide HQ ( Wuxi, China)

]

Shanghai Shijiazhuang Wuxi

China Factories

Ireland  United Singapore

States

jl

Overseas Factories

\

osl

© Copyright 2019 OSlsoft, LLC
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Presenter
Presentation Notes
这是我们的PI系统全球架构，无锡site为全球中心，集成其他site PI系统的信息
每个工厂都会有一套PI系统


PI % G50 ISA-95

* Pl system is more than a ==l B
historian, Pl system is more than -V ES
MES LIMS  HISTORIAN

a reporting tool.

. ] |1 ='_E?'P_I/\
* A production data platform, - el — =] .

LEVEL-2 SCADA HMI

provide data access, digital o
management and analysis s E
iy
o GMP or NOH-GMP o) PLCs SENSORS ACTUATOR
' & |
%;1 } ::;:1‘1
) jot
Physical Process
k 5 ,:’

I\ OSl:-of1, © Copyright 2019 OSlsoft, LLC 36


Presenter
Presentation Notes
ISA95 是工厂信息化的经典模型，PI 系统通常在level 2.5 到 3 层；向下，提供了从传感器，设备的数据入口，向上提供了BI, ERP 和数据分析和应用的数据来源。所以PI 系统不是简单意义上的数据库， 或者

公司目标是建立强大和机敏的全球生产网络，全球工厂的智能化

从GMP 自控系统获取数据控制非常严格，数据分析与处理受限
将PI系统设计为non-GMP系统以便更自由的扩展应用

和自动化系统同步进行设计和交付； 后期结合生产需求进行深度开发





EVHIBTS: R LEEFHRIE

Biopharmaceutical process: essentially based on a batch process

Seeding #Ef#

Seeding N-1 Zmpfi# 1k

Production ZHAf1E#

Harvest W3k

Purification 1 4i{t—

Purification 2 4hi{t.—

Purification 3 24i{t.=

in 4~

Bulk filling 43%&

CHROM SKID

1,5" System
C=80cm

as

\J
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一个典型的原液生产工艺流程： 包括了上游的细胞培养和下游的纯化。细胞培养有若干个不同阶段的种子培养和一个总的反应器扩增；下游工艺包含了若干个纯化的步骤。它们本质上都属于批次的生产过程，包括了特定的开始到结束。

DS 大批次下，包括了很多亚批次的生产，每个批次有开始和结束；批次和批次之间还有间隔和准备。只有把批次准群的界定出来， 批次数据才有意义。 下面我准备了三个例子来分别讲述。




RtE R ieait R4k - Batch cell culture process

Batch (Pl Event
Event Signal 3 ‘ Frames) generated
in Pl system

Event Signal 1
SUB Preparation

Event Signal 2

Medium Charge

pH cal
[ Reactor Start signal ]
Temp EQ Inoculation #FH
Control mode to
Cultivation ZfAE3E signal seeding start

Harvest U3
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这是生物反应器的例子： 上游细胞培养的主要工艺过程，可以简单的划分为三个阶段： 反应器准备， 培养基灌注， 生产。如果细分，培养过程可以分为 接种， 生产， 收获。
自动化控制程序中，可以通过一些特殊信号来区分事件的开始和结束；然后，使用PI Event Frames Interface 和OPC DA interface，我们可以在PI系统中读取这些事件信号，在PI系统中构建细胞培养的批次信息。




£ HIZGHtIREEEIESES - Biopharmaceutical batch information data platform

é N

Bl

[ Cleaned [ Golden ] Batch Production Batch
data set batch __comparison | dashboard l monitoring l

“ Manufacturing Batch platform for analysis and Visualization “

@

@

Pl Asset Framework (EventFrame)
DeltaV Unicorn t DeltaV batch
Bioreactor Chromatography Prep System.
o 2] ©

32 bioreactors 11 purification 107 dosing
6 Perfusion lines systems
26 Fedbatch
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用一张图来小结一下： 我们通过PI采集了3种自控系统的工艺数据信息，他们分别是生物反应器， 层析系统， 和工艺配液系统。 其中：
生物反应器和层析分别通过PI_EFGen（Event Frame Generator ）间接生成批次信息；
不锈钢配液系统通过PI_EMDVB(PI Interface for Emerson DeltaV Batch) 直接读取DCS批次信息

我们目前已经完成了32个生物反应器（Perfusion6个+Fedbatch26个），11个纯化单元（Perfusion 7个+Fedbatch4个），和107个（Perfusion 36个+Fedbatch71个）不锈钢配液单元的批次信息采集。

在建立起统一的批次信息数据平台之后， 可以灵活使用PI 或者第三方软件进行数据分析处理，例如PIVision做可视化展示，生产看板，可以创建黄金批次进行批量监测和分析比较。 




“ SMART MAINTENANCE

m Traditional: Preventive Maintenance (PM) & Repair
m PM as defined by GMP SOP, impacting production slot & cost
m Repair when there is malfunctioning, leading to product loss
m Smart Maintenance: Predictive Maintenance based on utilization and status
m Early prediction/detection of component failure
m Reduce deviations caused by malfunctioning between PMs
m Reduce loss of production slots and cost for maintenance

Super Skids for Biologics Manufacturing

* Vessel Systems

 CIP/ SIP Operations
>200 CIP/SIP operations

o Auto valves >6000 automatic valves
>4000 gasket connections

* Gasket connections

e PM at fixed time interval

(ﬂ OSl:ofi. © Copyright 2019 OSlsoft, LLC
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相对于传统的预防维护，智能维护有如下的益处：1 提前预测、侦测到部件的失效和故障 2. 减少故障和故障带来的偏差 3. 减少集中维护带来生产中断，降低维护成本。 
智能型维护大家并不陌生，在AI 的应用场景中，智能维护可以排在第一位，但是对象基本是单一的大型的动设备，例如大型压缩机。不锈钢系统其实是比较分散的设备集群- 或者叫super skids。无锡的系统有66套罐体系统，200多CIP/SIP 操作，6000 多自动阀，4000多垫片连接，每一个部件都可能有故障风险，那么我们需要更加智能地进行故障预警和排除。


Smart Maintenance System

Five steps to build smart data application

Step 1
Business
requirements &
Scenario
construction

Step 2

Data collection &
preprocessing

Pl System as the infrastructure

Pl AF is used to structure the plant's
equipment assets

The usage of each equipment
component can be tracked
according to different operating
conditions

EI Templates

Step 4 ‘ Step 5 : i
Modeltrial & SME W | gusnossreslts i [ [y Element Templates
verification :
= G4 Equipment
L ey Mixer
(G Pump
- g Valve
- (g Ball Valve

------ (& Control Valve
: - [ Diaphragm Valve
...... ﬂ Gas_ket

Equipment model built by Pl AF

© Copyright 2019 OSlsoft, LLC
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如何构建智能应用？ 方法上可以总结为5个步骤。第一是业务需求和场景构建 – 建立故障预警预测模式 第二步 数据收集和结构化处理 – 前面已经对数据做了批次化，在这里进一步采用PI 资产框架把系统的设备资源结构化；第三步，创建相应的应用模型； 第四步，与实际结果进行模型验证； 第5步，确认业务收益。 第2 步和第3步，通常要花费整个项目时间的70%。


Smart Maintenance System

Based on the operating status of the equipment in the operating cycle

Equipment
N— ]

DLIMD

<ctirrer

dianhraom

valve

hall valve

control

valve

gasket

tank

Operation times, total revolutions
and mileage

Operation times, total revolutions
and mileage

Switching times, operation time
under special conditions

Switching times

Operating time

Model construction & data
display

CIP&SIP total time

‘ Buluiel] |9poIN % SIsAjeuy

All equipment
health reports

Detect abnormal
conditions in real
time

(@ osi
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按照上面的方法，我们首先做了资产的构建：
资产里列出了设备的关键部件，以及我们需要关注采集的关键参数。例如对于泵来说，启停次数和总的运行转数； 对于隔膜阀，跟踪和采集开关次数，特殊工况的运行时间；例如罐体， 我们关注CIP/SIP 总时间。 另外还加入对垫片数据的跟踪。 
有了这些数据之后，目前我们做了一些简单的模型，来表征设备及部件的健康指数，实现对故障预警的输出。 这个模型还在优化调试和验证。


mart Maintenance Dashboard

)

——un *%* Alertis generated when CHI exceeds set limit, calling

When was it installed? ! Pump Status ""
When was its last RUNNING . pump speed for Mmaintenance

maintenance?

Value

'PM1200PMO01|Equip No. 1280PMO01

Round Count — “the mileage” EHE -
PM1290PMO01|L laintenance Time 2017/ 0 00.00:00 ’

e e e s Alertis listed up based on its criticality

PM1290PMD01 [Installation Time 2017/09/30 00:00:00

’
Speed profile -

' L L
201810729 3:02:40 8h 2018

s Alert disappears when maintenance is performed

** The system now is in test bed for real world data

B Operation Count B Operation Count

/ A ted C t Health Index (CHI /
B Round Count - “mileage” / ggregated Component Health Index (CHI) B High Temp Exposure Time / Aggregated Component Health Index (CHI)
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小结一下： 通过PI 资产框架对不锈钢系统的关键部件及关键运行参数进行了收集，针对不同部件的使用特点和工况构建相应的健康模型。当健康指数超过设定值时， 会发出维护需求预警。 预警会根据严重级别分级发送。警报只有在维护完成后才会消失。
更进一步的智能化场景：智能维护系统与生产排班系统 和工单系统进一步集成之后，维护人员会收到更加精准的维护推送，包括推荐的维护窗口。这样一方面提升了有效维护， 另一方面最大程度减少对生产排班的影响。


Achieved

Batch process data platform to realize real-time data analysis and deviation warning

Smart maintenance system, monitor the health coefficient of key components of liquid
dispensing system in real time and guide equipment maintenance based on early warning

Asset structures and data models can be seamlessly applied to global factories

Next step...

Aiming at the current smart maintenance system, to introduce Al tools (machine learning,
model training) such as SIMCA, R and MATLAB

Model trial and data verification to optimize the maintenance process

Promote Wuxi’s Pl System to global production bases

© Copyright 2019 OSlsoft, LLC
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总结一下结果和收益。 
已经实现： 

下一步工作： 

1.例如建立针对垫片的智能维护模型，目前只完成垫片的模板设计
2.和AI工具组合使用，引入AI工具组合使用（机器学习，模型训练),如针对生物反应器的SIMCA，R算法&MATLAB算法
3.继续模型试用和数据验证， 优化维护流程 
4. 新工厂PI 系统模型和应用推广





The largest user community for operations data in Life Sciences?
850+ members, 250+ organizations
www.pisquare.osisoft.com/groups/life-sciences
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Faster and More Reliable Operations: A FUJIFILM Diosynth

Biotechnologies’ Case Study

Challenge Solution
Being able to review and verify process Paring Sartorius Data Analytics tools
performance is a key step in with OSlsoft Pl technology
biopharmaceutical manufacturing. FUJIFILM Diosynth Biotechnologies
However, traditional chromatography developed a new digital
review, like visually reviewing elution chromatogram dashboard for
peaks, was a time-consuming, error enhanced chromatography review.

prone, and paper-intensive process.

Benefits

Shorter review times, resource
expenditure optimized tenfold, paper
footprint reduced by ~10,000
sheets/year, on demand data
accessibility, and increased partner trust
and collaboration opportunities.

Do not duplicate or distribute without written permission from FUJIFILM Diosynth Biotechnologies.
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Using Data Analytics to Overcome Chromatography Review Challenges

Traditional chromatography process monitoring, like visually reviewing
elution peaks, is time consuming, error-prone, and not fit for continuous
bioprocessing.

Multivariate data analytics tools like SIMCA® and SIMCA®-online
enhance chromatography monitoring and review by detecting small
deviations in peak shapes before traditional methods can.

= Monitor process consistency
= |dentify process failures and other trends before they become problematic
= Easily detect and correct column, cycle, or batch deviations

= Expedite chromatography release process - bringing you one step closer to RTRT

47
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BIOSMB Process 80/350

Single-Use Continuous Chromatography Systems For Perfusion
and Batch Bioreactor-based Processes
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ldentify Column-to-Column Variations
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Source: Capturing the Value of Continuous Chromatography, Umetrics User Meeting 2015, Pall Life Sciences, Marc Bisschops
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ldentify Column Malfunctioning Y
SANOFI
Traditional Univariate Analysis Multivariate Analysis
Protein A Elution Peaks (UV)

‘ i| | &0
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‘ | H [{HF | | | |I | i | ‘ | 1IN i "

ate -]

UV Absorbance in Eluate at 300 nm [AU]
pH in Elu
0o
b B
.

Time into Experiment [Process Cycle]

Protein A Elution Peaks (UV)

Second Principal Component

; !| | | [ | |
i ' ' ' ' '
E ' | | ll | | - - : 7 : =
3 -1 | | ' oy First Principal Component
3 || ,
| | e |
‘I 5 | | l \ ] . | e 31
’ ‘ .. S - ' - Performance decay in column 5 clearly indicate.
Cycle-to-cycle overlay shows some effect in Investigation revealed inadequate cleaning
column 5 conditions.
49 Source: Capturing the Value of Continuous Chromatography, Umetrics User Meeting 2015, Pall Life Sciences, Marc Bisschops S/\?T\ )? I bg

Data Generated at Sanofi-Aventis Hoechst, Germany



Implementing Model Based Batch Review

50

-

-_— g

1. Model Building: Trained Model Builder
Collects Historical Data (IPC, Analytical, Raw
Material) and Builds Model with SIMCA®

4. Monitor Incoming Batches: SIMCA®-
online applies MVDA in real-time for
monitoring new batches

t[1] = x1*Temperature + x2*Pressure + x3*Speed + x4*pH + ....

2. MVDA Compression: Large datasets
compressed into smaller latent variables
allows for a simpler representation

5. Real-time Quality Assurance: Trends
are viewed live on plant floor or from
control room

.\‘“ll

A3

3. Connecting Data Sources: In order to
enable real-time monitoring the model is
connected to the original data sources

6. Immediate Risk Mitigation: alarms
highlight process deviations and allowing
for fault faster reaction

08,10 S v

IR R ERERS R R ERRER R R R
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System Set-up: A FUJIFILM Diosynth Biotechnologies’ Case Study

[ Pl Historian {{@) O8I/ ] . . '
* Historical data stored in the OSI| Pl system were
1) [p— 8 used as reference batches and to build the
EE g - Aarbance g ) digital chromatogram project
] i  During production, data ingested from the
g e manufacturing SCADA system to OSI Pl system
g were transmitted to SIMCA®-online through a
the desired process steps and phases S|mAP| at real—t|me frequency

sinmcCa®
Bulld monitoring project containing

SIMCA®- unlin&@ } * The visualization dashboard were then made

Deployment of dashbaards with real-time visualization of the live batch profile overlay with : :
e e e A R P et available to operators, quality assurance
personnel reviews, and the partner
Citrix l:-nnnmi;m to Partners Partner
Provides remote access to partner’s specific product batches
[viewing and data download)
Do not duplicate or distribute without written permission from FUJIFILM Diosynth Biotechnologies.

. SARTORILS




Improving Partner Data Visibility

CDMO Process Real-time Process Window
and Data Download

S/RTORILS

52

Partner
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Benefits Realized: A FUJIFILM Diosynth Biotechnologies” Case Study

= Shorter review times

= Resource expenditure optimized tenfold

= Paper footprint reduced by ~10,000 sheets/year

= On demand data accessibility

= Increased partner trust and collaboration opportunities

Do not duplicate or distribute without written permission from FUJIFILM Diosynth Biotechnologies.
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CDMOs are Putting a Greater Importance on Data and Data Analytics

“Data integrity deficiencies are cited in 65% of a//FDA warning letters”

Consequently this has put pressure on CDMOs CDMOs have realized the additional value opportunity

to implement data management systems that that comes with adopting data management systems
provide transparency, preserve customer along with data analytics tools and have transformed

confidentiality, and meet regulatory guidelines these new technologies into service offerings

SARTORIUS

54 1:“An Analysis Of FDA FY2017 Drug GMP Warning Letters”, B. Unger, Unger Consulting, Pharmaceutical Online (2018) S/\?T\ ,? I [JS
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Enabling Digital Chromatogram
Review for a Faster and
More Reliable Operation

hromatogram review is a monitoring method used to

verify process performance in packed-bed
chromatography processes. By observing key
process parameters such as chromatography
bsorbance, it is possible
to identify the signs o ed column, resin
degradation. or equipment malfunction. Therefore.
chromatogram review is implemented as an in-process
contral (IPC] to decrease variability and identify suboptima
performance, thereby enhancing yield and ensuring high
product quality (1),

The industry standard practice relies on trending
univariste parameters (... chromatographic peak
asymmetry and product yields)

against a reference batch. The
check to be performed by cpera
with the next stage of a process.
That assessment used to be executed by printing a
physical copy of the chromatogram of a batch and then
comparing that printout with 2 standard operating

s before proceeding

FUJIFILM

Diusynth

biotechnologies

Figure T System and data cormmunication ciagram; historical
gata availabie in he dala MISIONan are Lsed as reference Batcnes
ana to buiks the JigRa CNFOMAIDgram Project. During production,
data ingested fram the manutacturing SCADA system to the data
fistorian [0Sk PY are transmitted 1o SIMCA-Online through
Simipi at real-time requency (2). The visualization dashboards
are made availsoie o operators, quality assurance personnel
feviswars, and me partner.

procedura (SOP) that contains the reference
The same process would be reviewad later by quality
assurance personnel. That approach led to @ time-
consuming, paper-intensive process that was prone to
mistakes caused by the variability inherent to visual
comparison of chromatogram profiles nat only in different
plats. but alsa on different sheets of paper.

Now that process has been reimagined as part of the
drive toward Industry 4.0 and the desire to become a digital
facility, enabled with systems that can respond to changes
in real-time and act proactively with the necessary
corrective behaviors.

With the new digital chromatogram dashboard, printing
becomes unnecessary, and multiple phases and eters
are viewed simultanecusly, leading to shorter review time.
Reliability is increased because the dashboard enables
manitaring of a live batch overizid on reference batches
preselect=d by a subject matter expert. That is
implementing the SIMCA® and SIMCA®-online software
suites by Sartorius (2). As 2 leading contract development
and manufacturing organization (COMO), Fujifilm Dl:\synth
Biotechnologies strives for increased partner trus:
collaoration. Thus, these dashboards {and many o rers with
multivariate models) can be acoessed by a partnar, providing
it with a real-ime window to the process [Figure 1)

By digitalizing the existent business process and

d by

e | sinacar
Bubd mantaring A5,
procos stops ang przsas
Hemmiine

f 0 Y
—
\ ifing SAE pecesiontzd gHac BAITh Reinces )
T
oo romots acoes to parners speS¥e. = | parinee
Eatches teeang i s i ]

expenditure is optimized tenfold (sharter review time, fewer
investigations expected), the paper footprint is reduced
{~10,000 sheetsiyear) cessibility is on demand
The review process is not hidden and is readily available to
different departments.
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Interested in Reading More about Data Integrity?

Sy

R

How to ensure data integrity and compliance of your data analytics systems, Erik Renberg (2018)

56

Click Herel

Authaor, review,

A Quality manual
) and approval strategy

O m—

1Q, 0Q, PQ [emplaty E Q
\<'Product audit trail
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Thank You!
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