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C-SOPS is the sandbox where academia, industry, and regulators
meet (virtually) to develop and refine the next generation of
advanced pharmaceutical manufacturing

Highlights:

* Founded in 2006 as NSF ERC-SOPS - Rutgers, Purdue, NJIT, U of PR

» Aided in the development of the continuous version of Janssen’s
Prezista, first batch to CM conversion

* Funded by FDA to explore CM process/materials; 14.0, Bio modeling

« Working with numerous equipment vendors on characterization,
integration, and development.
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Current MFG In Pharma (Batch)

Wet
Blending Granulation Drying Milling Blending Compresslon Coating

* Product collected after each unit operation Finished
Product

e Finished product is tested at off-line laboratories,
after processing is complete
» Actual processing time = days to weeks

Figure courtesy of the FDA
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New MFG in Pharma (Continuous)

>
I B
—

Continuous
Continuous Blending

Granulation

Compression

’ﬂm‘ Continuous

Film Coating

Continuous Blending

Product flows between each unit operation

e Product is monitored during processing Finished
» Process is adjusted based upon in-process Product
measurements

Figure courtesy of the FDA

Actual processing time = minutes to hours
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C-SOPS Approach

Solid Dose Advanced Pharmaceutical Manufacturing

Material Properties

e.g., Flow, Bulk Density,
Angle of Repose

v= f(x.a.t.m.n)

% =g(x.a.t.m.n)

Unit Ops Models

e.g., Feeders

0Slsoft.
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Integrated Process Model
“Flowsheets”

Feeders
(optional)

API and Excipient
Feeders

Lubricant

~—— Common Operations
~— - - Direct Compaction
=== Dry Granulation
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CM Solid Dose Adoption Landscape

Regulatory

« FDA actively promoting it (advanced controls and enhanced process
understanding required), strong proponent, draft guidance document

EMA voice has changed from open to CM to encouraging CM; ETT mindset
“big pharma isn’t coming early enough to talk”

« PMDA is starting to provide recommendations (nearly verbatim of C-SOPS
Best Practices Document); EMA similar too

« A growing list of regulatory bodies have been exposed to CM and approved
processes, including in key markets like Brazil

« ICH has decided to take up CM as a 2019 topic!
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CM Solid Dose Adoption Landscape

Branded Pharma

« 2 Vertex, 2 J&J/Janssen, 1 Eli Lilly and 1 Pfizer product(s) already approved in U.S.
and other markets

Above 4 companies have additional products in CM development

GSK, MSD, Shire/Takeda will all file their first submissions (various markets) within the
next few months

Celgene, Merck KGaA, transitioning from R&D to commercial; working on
trials/development with CMOs

AZ has purchased a commercial GEA system

BMS revisiting CM using inhouse DC line for development while partnering with a CMO
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CM Solid Dose Adoption Landscape

CMOs

« Patheon and Hovione are both now offering solid dose CM contract services
Generics

» Major generic players such as Dr. Reddy’s beginning to purchase integrated lines

* In at least one instance pursuing end-to-end CM with integrated drugs substance
manufacturing

Vendors

» 5 vendors now offer an integrated solution: GEA, Glatt, Bohle, Powrex, Bosch

! 0Slsoft.
PIWorld san rrancisco 2019 #PIWorld  ©2019 OSlsoft, LLC 9



Current focus
Industry 4.0 in pharma development and manufacturing

« Leverage interconnected systems, Data Sources SCADA Systems

process and product knowledge for * Multi-vendor systems * Process monitoring & control
real-time release testing, process * Physically separated * Release strategies
intensification and safety characterization {abs BT EEEUy

» Continued Verification & Improvements
» Material tracking Implementation
. Risk assessment Expectations ..& Challenges

* Visualization

Visualization Continued Improvement

Y U.S. FOOD & DRUG « Operator HMI * 60 culture

ADMINISTRATION * Process Engineer HMI * Knowledge building

IQJTGERS PURDUE * Plant Manager HMI « Ease regulatory approvals

UNIVERSITY

0Slsoft. Grant UO1FD006487 (2018)
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Rutgers Direct Compression (DC) CM Line

Material Handling

Particle Technology :
Process a
Feeders I

Analyzers
|| Aﬂ e & ProcessSystems
Engineering

Mlll

N ‘m D-E.m
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Rutgers Line
ENTERPRISE
e ocon: T e
FORMULA DELTAV.
RECIPE (UNIVERSAL) DATABASES N etwo r

OSi Pl

Infrastructure

CELL CELL CELL LIMS
OPERATION OPERATION OPERATION OPERATION
PHASE PHASE PHASE PHASE

COMMUNICATIONS
ETHERNET/IP — MODBUS/TCP — OPC — PROFIBUS

RAW

FLUID BED ROLLER TABLET TABLET DRUMMING

MATERIAL (P;EE:_);SS) BL(E/':E)ER DRYER COMPACTER PRESS TESTER S ?,’,TT?
CoA ! (PLC) (PLC) (PLC) (opC) (opQ)
BAR CODER CEEDER SLENDER TABLET TABLET
RAMAN Test Data [ERASS e PRESS ANALYSIS ANALYZERS

(PLC) (OFFLINE)

i.e. Dissolution SOP

FEEDER & Test Results

0Slsoft. (PROFiBUS)
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Process operations implementation

Supervisory Product &
Pr D .
beess Ll Control Process Safety
Equipment —
:Prziltl))ussérsg;gﬁet T » Visualization

Process analyzers Digital Twin

; . r’@ OSl:oft.— _
Primary test methods I AP SDK Maintenance
L ) PIICU for OPC _>

@ Pl Vision Knowledge
) Training
Improvements

Characterization Lab 21 Pl Manual Logger

N\ J
_’.
Pl DataLink

siS%OHd SAN FRANCISCO 2019 Networked fOIIOWing ISA-95
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1S OGIANTLEAPS

PURDUE UNIVERSITY

« Davidson School of Chemical Engineering

» Center for Particulate Products &
Processes (Purdue CP3)

 Solids processing research and education

« Pharma, consumer products, agriculture,
chemicals, food, ceramics etc.

 Solids characterization facility
« OSD continuous manufacturing pilot plant

« Commissioned Pl System in Oct 2018 URDUE

UNIVERSLILEY

7 oSisoft
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Role of Pl System

Step 1: Get the data! e Data
consumer
Data
« PISMT, PIICU R e )
- Asset Framework
* Archiving — data source, rate of
it " [t} >
acquisition, data types, precision . <
System M Tools
« Control database access S
» Batch
v Data
* Pl Manual Logger A
Cumert Values
General Archive Classic Securty System General i v |m§:lee:nd Bad Poirs
Name: |CDT158 Typical Value: | 5| Zero: | D| Span: | 10 m.r:;:l:i::c List
Descriptor: |P¢mospheric Tower OH Vapor Scan Archiving Shutdown Compressing > T P°irft5
) ) ®0n ®0n Cion ®0n ®0n \>’ Sp:ahon
Stored Walues:  Realtime data | Point Source: |R CIof Qo ®0f O o Oof B Disgna| States
Point Type: Flozt32 | Digital Set Exception Deviation Compression Deviation gef:ngj:-;ce Bauations
— il aer
Eng Units: gg:ﬁlg Eng. Units ~ Eng. Units ~ Point Classes
| Foat32 Paint Source Tabl
Exdesc: Day H  Min  Sec Day Hr  Min Sec T$aliz$me -
Source Tag: :m;g Vin. Time: o mmm Min. Time: o mmm h SecDu;gbase Securty
e - o] o | 1] Wex e o o] o[ 9 e
Blrk ies, Users, & Groups
Mappings & Trusts
OSlsoft. Security Settings
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Role of Pl System

Step 2: Contextualize the data

Pl Asset Framework
« Map assets, define events
* Pl Vision — real-time visualization

der-Blender

Elements NP40D > Functions
- (@ Elements General  Child Elements  Atributes Ports  Analyses Notification Rules  Version
=2y P;ﬂe:is Insert functions into the expression Reload
Filter
@ dlender1 Time Series Value Statistics ©
6 Blender2 [l = /2 vame
- (J Feederl Al
& Feeder2 Category: Cpk Array Operaticns
e e Cotegory: Equpment Information Date and Time
@ MTBalance Category: Equipment Status Data Event Frame Properties
@ Multieye_Head1 Logical
S mitieve Head2 Category: Indvidual Stations Math
@ Npaoo Category: Process Data Cperators
9 w204 Pl Data Archive Digital
.  Xeray_MassFiow 0@ | & Dosing_Positon ata Archive Digital States
£, Eement searches on Point Attributes
ibhsiidstird Sesrch snd Retrieval
08& | ¢F ManCompression_CalaatedRSD Statistical
08 | ¢ ManCompression_Force Status
Steam
om & MainCompression_RSD
String
03 | & MainCompression_StDev Time Series Value Statistics
om ¥ MainCompression_Thickness Time Series Value Statistics v
om ¥ PreCompression_Force Cov
0® | & preCompression_Thickness EventCount
0m < StatiorPos_Dosing LinRegr
08 | ¢ swtonPos Ejection PctGood
08 | ¢F StationPos_LastTabRejected Range
StDev
om &7 statiorPos_MainCompression
Taghvg
om
& StatonPos_PreComp Taghax
08 | ¢ Turet Speed Taghlean

08 | Toerettneed oM Taghin
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Role of Pl System

Step 3: Interface with data consumers for advanced analytics

%add O5Isoft .NET references to be able to use them

[} AF S D K afsdk = NET.addassembly('05Iscft . ARFSDE") !
import OSIsoft.BF.=; Home Insert  Pagelayout  Formules  Data i Developer  PlDatalink  PlBuilder @ Tellme.. Signin

import OS5Isoft.&F.Asset.*;

- MATLAB oot

M Jx || {=PISampDat(Sheet1!$B%6,"2/13/2019 5:57:18 PM","2/13/2019 6:57:18 PM",

",0,Sheet1!$A$1)}

AF.Time. =;
\LF.Data.*; G H 1 J K L M N o 1=

Sampled Data

import JAFL.PIL*;
. T M import Sy . 1g_Pc FeederSpi MainCom| MainCom| MainCom| MainCom| MainCom| MainCom| MainCom| MainCom| Maii @ Dataitem
o ‘N Iled Srr]artFaCtOr RX 12 6486851 0.370049] 0.452926 0454262 0.404299 0450471 0.393602 0415743 0.40015 0.4 @Bz
$ conmect to Purdue BT AF server 12 6507269 0370049 0452925 0454262 0.404299 0.450471 0393602 0.415749 0.40015 0.4
i 12 6.527687 0370049 0452926 0454262 0.404299 0.450471 0333602 0.415749 0.40015 0.4 Root path (optional)
piSystems = OSISoft.RF.PISVSTEMS! 1, 508105 0.370049 0452926 0454262 0.404299 0.450471 0393602 0415749 0.30015 0.4; SheetisAst

M H fprintf ('Connecting and refresh 12 6.568523 0.370049 0.452926 0.454262 0.404299 0.450471 0.393602 0.415749 0.40015 0.4; .
o PI DataLI n In Exce 12 6583341 0.370049 0452926 0.454262 0.404239 0.450471 0.333602 0.415743 0.40015 0.4 Deta femlz)
_ . . 12 6.609359 0.370049 0452926 0.454262 0.404299 0.450471 0392602 0.415749 0.80015 0.4
af svr = piSystems.Ttem (' pESNSSSW |, ;9777 (370049 0452025 0451262 0404299 0.450471 0393602 0415749 040015 0.4 Start ime
. af_db = af svr.Databases.Ivem( WM 12 6.650195 0.370049 0452926 0.454262 0.404299 0.450471 0.393602 0.415749 0.30015 0.4
[ ] Experl mental records 12 6.670613 0370049 0452926 0.454262 0.404299 0450471 0393602 0415749 0.40015 0.4: Edtme
12 6.691031 0370049 0.452926 0.454262 0404299 0450471 0393602 0.415743 0.40015 0.4:

% confirm database connection - .
6711449 0370049 0452926 0.454262 0.404299 0450471 0293602 0415749 0.40015 0.4;

5}

=i~

« Testing new analyses s
. . | TabletPress
* Collaborations, education
H . Excipient Blend  prA ek :za:gk:tlaptr:SS 3
- Consistent tag naming helps! Bl T . =
Speciia AllineTabletTesterd .@

< TableProperties

ProcessData d EquipmentDeltal/

Equipment .

[MiRCatbration - 5,7 . 1| COADelaY
Knowledge Provenance Mgmt. System (HUBZero)
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QDbD to operational excellence

Reliable process operations in OSD CM

Complex System of Systems

( (

4

Product Quality Process Safety
AU o
( [ Information
Control Systems
L ¢ Technology
[ Process
I Design Space } E Control } [ Alarms

~

4

[ Equipment ][ Instruments H Models

|
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What if... sensors fail?

Failure/gross error causes:
Communication, fouling, orientation,
calibration, device life

Impacts Quality & Consumer Reach
* Increased offline quality testing

* Diminished competitive advantage
» Limits/Questions use of technology

#PIWorld  ©2019 OSisoft, LLC 18



QDbD to operational excellence

Reliable process monitoring in OSD CM

Obijective: Condition-based maintenance
for sensor network reliability in OSD CM . SPC - UVA & MVA

Industry 4.0/Smart Mfg./lloT

Process Automation
insights
Process PI’OdUCt

. Data reconciliation
\

Integrated Material Unit Operations
Systems

0Slsoft.
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From device data to supervisory strategies

General | Achive " Classic  Security System
Typical Value: | 5| Zero: | 0] Span: | 10|
Scan Archiving Step Shutdown  Compressing
®0on ®0on QOon ®0n ®0on
Qof Qof ®0f Qo Qof
Exception Devistion Compression Deviation
AT T
Day H M Sec Day H M Sec

Min. Time o o] o] o M Tme 0

Max Tme:[ 0 o] 0] 0

max Tme:| 0] 8] o] 0
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o Bt Genersl i Semenss Atrinies sorts  anslyses hosicason L @
| 5 @ roumess
@ are
|- & piencers e Pl Manual Logger
[ @ denderz [ t]m ¢/ vame
9 fesiel R ——
Feeder2 4 v 2 2
g.m...,, 5 . Characterization: February 27, 2019 7:
e 2 camgory: Eupment nformanon
|- & Mrosance ® L catogory: Equoment Suts Data Navigate to remaining items only
| @ Mt st
Phar c Pilot Plant | 3 e B G orgor: v s —:‘ 101 re.v,d‘.,w,—
| | wean e N
|~ @ weim_od L Ty e
L & oy Smerion 08 | & oourg posten

|- @ Bemert searches 08 | & Fectersperd Characterization. TrueDensity

Ot [ i s True Density Characterized using AccuPyc
08 | & wanCompressen foree
08 | & MarCororemon RO

o @ ManCompression_Stew

Om | ManCompresson Thdnes Actions/Notification: email,

OB | g PreCompressin Force eCAP, Control Intervention
EL & PreConpresson_Thidness. Update
98 | ¢ Siatorfos Dosig Schedule

os o SutrPos_ERcwn
08 | ¢ Statrpos LasiTabRejected

08 | suterpes manconpresscn
08 | o SurPos Frecomp

08 | & Tt soeed

0m | ¢ Turetspesd TH

© i Category: rrocess setpors

@ ) Category: Westren Bleiric

w84 S ~ -~ !
Update Building Supervisory Strategies maintenance
L Baus Reporting and and SAP Work

pashboard 1N Applied SmartFactory RX™  glgers

Operations configuration Setup Pl System Visualization & additional systems
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Setup, training and continued learning

Resources for independent and intuitive learning

Tho OSac Commusty

Pl Square @ osi.

« Understand your data
All Things PI Pl Developers Club Online Courses
YouTube
Type your quessan . [ Posta Curstion
G o Pae— E.a Comecies
. . Search A
° QUICK LS
uare tralining moaules . e
L s <I> Technciogies #1 Clout Connect P Inegrators
All Things PI -
Ask, Discuss, AF Community
. Connect Library
TRENDIG CONTENT
* Documentation .
0Slsoft Learning
9,448 subscribers
. OSl:oit. Tech Support Search All OSIsoft QA0
* PI World presentations e
Asset Framework - Explore metadata, add analytics, and get m‘"II
.~ On March 4, many features on this website will be moving to the new OSlsoft Customer Portal. In the days prior, some functionality on this site
PY - \e: may be unavailable as we migrate to your new experience. For urgent issues during this time, please call us.
Visit my.OSlsoft.com to see what is coming.
Getting Started with Asset . Asset Analytics with PI AF (. solt  Things to Do = PI System Roadmap = My Downloads = Pl Server
.
OSisoft Leaming OStsoft Leaming ostsc ) ) ; ) ‘
° W h Ite p ap ers Counisemty ot I oo o Pl Sysem Cyper Secuty | » All ovnioacs + Visuaizaton
< =3 Open a New Support Case = Pl Square Community = My Download History = Interfaces and
= Conneclors
= =3 Download Software = Leaming Videos
= Integrators
=3 Update My Profile = Live Library
i— =+ Pl Cloud Connect
F Try PI DevClub for free = System Management
Pl AF (Asset Framework) Pl Integrator for Esri ArcGIS. PiPe Resources + Developer Technologies
Ostsoft Laaming corming osisc
0Slsoft. VIEW FULL PLAYLIST VIEW FULL PLAYLIST VIEW
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in OSD CM & solids processing pilot plant

Systems Integration & Pl System commissioned for data
Operational reliability for real- integration & enabling advanced
time release in OSD CM systems analytics

* Product quality tracking & release » ICU, Manual Logger, Vision, Asset

Analytics, Event Frames, Datalink

* Manage systemic risks — sensor &

equipment failure, cybersecurity » AF SDK used to interface with
Matlab, AMAT SmartFactory Rx™

ﬁ 7 oSisoft
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Purdue University Center for Particulate

Products and Processes (CP3)
Process analytics research and education using Pl System

Insights for predictive analytics -
supervisory control, release
strategies, maintenance etc.

Advancing pharmaceutical
manufacturing

Data science research & education
using real-world examples

©2019 OSilsoft, LLC
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Pl System in Continuous Pharmaceutical Manufacturing

* Douglas B. Hausner

« dhausner@rutgers.edu

» Associate Director, C-SOPS
« Rutgers University

» Sudarshan Ganesh

* sganesh@purdue.edu

* PhD Candidate, Chemical Eng.
* Purdue University

! 0Slsoft.
& PIWorld san rrancisco 2019 #PIWorld  ©2019 OSlsoft, LLC 24


mailto:dhausner@rutgers.edu
mailto:sganesh@purdue.edu

Questions?

Please walt for

the microphone i

State your
name & company

& 0Slsoft
PI World san erancisco 2019

Please remember

=
TO DOWNLOAD g

APP, SEARCH
OSISOFT ostuot

PlIWorld

# Download on the ETITON
@& AppStore P> Google Play

#PIWorld  ©2019 OSlsoft , LLC 25



SB1E8 KeA LEBOHA

d-Udiq

NGIYABONGAu

TAPADH LEIBH
DZIEKUJE Cl L0 saspnanaa MISAOTRA ANAO Z

neU

TESEKKUR EDERIM * O B R I G A D O |J.S.I.U
= DANKIE rerima kasiH 5 DANKON TANK TAPADH LEAT 09
£ CNACUBO I MULTUMESC
S PAKMET CI3TE <5 FAAFETAI

GO RAIBH MAITH AGAT =
BJTATOOAPA GRACIAS <

TV BIATOJJAPAM =
TAK DANKE = < o

PIWorld =
THANKYOU

EYxAPIzTQ GRATIAS TIBI SGRAZIE

ESKERRIK ASKO

I HVALA XBANABAM
TE$EKKUR EDERIM

Al SALAMAT MAHALO |IA‘OE  TAKK SKALDU HA °< DI ou MESI

rRaumaT MERCI GRAZZ| mascatitn
HATUR NUHUN paAxMAT CATA L

CAM ON BAN
WAZVIITA

0Slsoft.

PIWorld san rrancisco 2019

= = BUHhESTENELE T DAKUJEM
0 SIPAS JIWERE Termakasn MATUR NUWUN

UA TSAUG RAU KOJ

TV BTATO[IAPAM
Ccnnoc

FALEMIN

#PIWorld  ©2019 OSisoft, LLC

26



