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Pharmaceutical Manufacturing Improvement
Leverages Pl System Data and Analytical Tools

Our Mission

To
discover,
develop and
COMPANY and GOAL deliver innovative
Bristol-Myers Squibb discovers, develops and delivers : - [redicmes...
innovative medicines that help patients prevail over serious Bristol _Myers
diseases. We have a goal to apply scientific rigor to produce Squ|bb

clinical and economic benefit through medicines that improve
patients’ lives

v

CHALLENGE SOLUTION RESULTS

Find and utilize data for Provide Scientists and Demonstrated the value of
process understanding, Engineers with tools to these tools in Process
I EUETIE, Ele P cfficiently find the right data  »  Development and
efficiency Manufacturing

« Scaleup of clinical manufacturing ’ E’)‘/ééﬁ% rﬁg’:{pework to organize tag data « Improved productivity of scientists
to commercial manufacturing « OSlsoft Partner Seeq for rapid * Faster scale-up form clinical to

« Improve product critical quality {g‘éRﬂfgfé‘gglj’gr']rgg%ré?]'gjtit‘ijgrﬁastehgfcuhgehs commercial manufacturing
attributes and pattern matching. + Improved product quality

. » Leverage PI Coresight to “publish” findi
* Improve process efficiency BT VAT T « Improved manufacturing efficiency
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BMS Clinical APl Manufacturing Scale-up: Pl System Infrastructure
=—> PIto Pl Interface RIAF Server

Pl Data Archive
Collective

Pl Batch Interface
(S88 context)

A
o

Pl Interface

ol ||

Excel (PI DataLink)

PI ProcessBook /
1 PI BatchView

»

T/ : -
PI Coresight/PI Vision

DeltaV PCS
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Data collection in pharmaceutical scale-up

+ Goal:
« Develop robust and efficient processes to transfer to
commercial.
« Capture and analyze data to support process
understanding and support tech transfer and filing.

« Challenges

» Group works with many products. Processes are
always changing.

« Large amounts of data generated during scale-up, Figure: Development group
: P . generates data from lab scale
but a_ssembllng dgta IS time consuming. reactors up to large-scale pilot
« Sharing and reusing knowledge not always plant vessels.
straightforward.
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Use Case: H L
Drying data collection & analysis I

Pl Asset Framework combined with Seeq enables fast & easy data collection by:

» Creating searches to quickly find relevant unit operations from raw data. |
* Summarizing process parameters (min/max/avg) over search results. !
» Allowing visualization and sharing of data from search results. § LeHl

Figure: Schematic of filter dryer

RESULTS AND BENEFITS

* Understand impact of Utilize Pl Asset * Saves '~1_hr of
drying parameters on Framework, PI Batch analysis time per
dry time. Database, and Seeq to batch.

« Collecting & search Pl System * Less time spent
summarizing data by continuous data and collecting data, more
hand is tedious and automatically summarize. time spent analyzing

data.

time consuming.
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Pl Coresight: Visualize Three-stage Drying Process

|
Stage1 | Stage2 i Stage 3
Static Drying i Intermittent | Continuous
. Agitation | Agitation
5 80 : |
Jacket ! |
temperature | |
| i
: | i
Mepecd |2 ' : N —
p =1 -10 i :
5/3/2016 11:02:00 PM : 1d 3h 5/5/2016 2:02:00 AM

Parameters of interest for each stage

* Drying time

« Jacket temperature.

*  Product temperature min, max, & avg.
« Agitator speed.
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Utilize the Asset Framework and Seeq search to find entire
drying operation

'™ Value Search

Search for periods within signals that exceed Pl Asset Framework
specified thresholds, match digital states and

meet other criteria.

Search
results

+"  Select one or more signals to s#arch _— -— -— —

ire High jacket temperature |

-

Name
O M, Agitation Speed 50
55 _FD_153 o
M, Jacket Temp PV
55_FD_153
O M Product Temp 40

55_FD_153

Jacket
temperature

" Specify the entry and exit criteria 20 ]ﬂ—

= E| 60 for | 1 h E|
== E| B0 for | 1 h E|

" Maximum capsule duration @
5 day E|

Apr B Apri3 Apr 20

+ [ Available in all workbooks
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Seeq creates summary statistics for each search result

¥ Value Search

Search for periods within signals that exceed
specified thresholds, match digital states and
meet other critena.

Jacket Agitator Product
ha High jacket temperature - temperature Speed temperature
T B = - - - - -
Name = (] Start ~ Duration % M B Avg = M B Avg % M B max = min = Avg & °
O M, Agitation Speed
R O M Apr2 2015 2:05 PM 21:33:05 892 o 7a L 13k <o 43 667 328
M, Jacket Temp PV
§5_FD_153 O M Apra, 2015 8:49 PM 21:57:49 278 o Ta e 1.7 Lt 438 147 361
O M Product Temp
S5_FD_152 0O M Apr 15, 2015 8:38 PM 231925 516 o 70 L 17 = 436 312 344
+  Specify the entry and exit criteria O M Apr21,201510:59 PM  1d 08:32:35513 © Ta e 1M <« 44 2 9 35.2
> ] 50 or 1 [n o O M Jun15,2015745PM  223527.0% <© 70 © 134 © 439 167 35
_ E| a0 wor [1 N E| O M Jun 26, 2015 12:11 AM  20:16:35.910 o 7a L= 134 <« 455 102 2938
O M Jul 27,2015 10:17 PM  20:34:54 566 o 7a L 1.2 L 46 334 322
" Maximum capsule duration @
: day E| O M Aug17. 201510:24 PM  20:23:58.396 o Ta e 13 o« 449 306 336
0O M Aug 28, 2015 1:36 AM 19:54:19.880 o 70 o« 128 = 441 149 322
+ [0 Available in all workbooks
O M Sep17, 20151:28 AM  21:11:20.943 o Ta e 108 = 397 163 291

@ osisot. USERS CONFERENCE 2017 O O @ @osisoft  #0SIsoftUC  ©Copyright 2017 osisoft, LLc 8



Capsule View presents overlaid view of results

|~ % | = . k.. o m. -

Calendal Chsain | Capsule Alignment Dimming Zoom Cursors Export

=}
=

=
=

e
=] =
= =

|

=
=

=
=

-3h 1h 5h 9h 13h 17h 21h 1d01h 1d 05h 1d 09h
May “15 Jun 15 Jul"15 Aug 5 Sep 15
4+ anz018 5.7 months 920/2015
] = Name = ts = Start “ Similarity = L) Avg M (B M B max = Min vAVg : -
g M Jacket Temp PV 55_FD_153 o [ﬂ] Apr 2, 2015 2:05 PM = 70 <« d 43 .67 328
@ M Agitation Speed 55_FD_153 O [ Aprs. 2015 8:49 PM = n o = 438 147 361 |5
o M Product Temp 55_FD_153 D M Apr 15, 2015 8:38 PM = 70 <« = 43.6 312 344
n High jacket temperature 55_FD_153 O [ Apr21, 2015 10:59 PM ® 70 Lo ® 42 9 352
O W Jun15, 2015 7:45 PM @ 70 © @ © 439 167 3
O W Jun26, 2015 12:11 AM < 70 o o 455 102 298
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Find stage 1 — Search for no agitation

esults
" Value Search - - .
Search for periods within signals that exceed 70 |'

specified thresholds, match digital states and
meet other criteria. 60
=0
iy Agitator off [ |
+  Select one or more signals to search 40
Name =
M, Agitation Speed a0
55_FD_153
] Jacket T PV
W Jacket Temp - Jacket temperature
O M, Product Temp
55_FD_153
) L 10
v Specify the entry and “ “ ” Agitator speed
€ B

A0 am 4:00 pm Apr 23 3:00 am

o o5 o \ 4:00 pm Apr 22
"  Maximum capsule duration @

1 e [ Extended entry condition :
+ [0 Available in all workbooks duratlon prevents SearCh from SearCh returns perIOds Where .
. finding when agitator is off in agitator is off but drying is not in
ctago b progress.
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Find stage 1 — Create composite search

@ Composite Condition o
Use simple logic to find periods where two Agitator off ngh JaCket temperature

conditions combine to represent a third condition.

Composite search results

@ | stage 1 ] o

"  Select exactly 2 conditions 50

-

Name
01 Agitator off 20
55_FD_153
10 High jacket temperature
55_FD_153 40

" Select the logic to use
Union of A and B Jacket temperature

Either condition is present. 20

Intersection of A and B

Both conditions must be present. 10

A overlapped by B [ R

A, but only if overlapped by B. AgltatOI’ Speed

i T 1 L,

B, but only if overlapped by A. - ) ) R )
only everiapeed by 4:00 pm Apr 22 8:00 am 4:00 pm Apr 23 8:00 arr

A minus B

A when B is not present.

(o]

c © © o ©o

B minus A
B when A is not present.

A search for stage 3 (continuous agitation) can be
created using this same method.

« [] Available in all workbooks
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Find stage 2 (on/off agitation) — Create pattern search

2 Pattern Search
Establish a condition in a visual way by

specifying a template pattern and desired Select pattern
similarity. .
of interest
A stage 2 ]
o ( A \ Search results
" Select the single signal containing the .

pattern. : 0 - M ca
. Capsules
Name 45 [
© M, Agitation Speed | (m] Start M B Avg M B | Max = Min $Avg =
55_FD_153 40
O M, Jacket Temp PV ‘ O W Apr22 2015 9:51 AM @ 70 © 31 239 274
55_FD_153 35 O M Jun1s, 2015 11:29 P @ n o 297 225 259
O M, Product Temp -
55_FD_153 30 O M Jun 26, 2015 3:54 A o i o 242 102 176
' Select the pattern of interest on chart 25 40 = B] Jul 28, 2015 2:01 AM @ 70 @ 273 18.4 227
O [ Aug 18, 2015 2:08 A o n o 304 215 258
" Select which signal to search. 20
» O [ Aug 28, 2015 5:21 AM @ nm o 286 202 243
All signals | S ignal th 15
slgna’s | Jame signa’as patem D K Sep 17. 2015 5:12 AM @ 0 © 254 163 20
Similarity 10 20 <J
93 % 0.5
v Require similar size oe i -
Jun 26 F00am 6:00 am 9:00;
v Require similar level 312512015 11:37 PM EDT “ 4 2

Similarity describes closeness of match
of result to original selected pattern.

" [] Available in all workbooks
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Use Case:
Chromatography Column Characterization

BUSINESS CHALLENGES SOLUTION

RESULTS AND BENEFITS

* Homogeneity of packed bed T . ~
impacts efficiency, yield, and purity Utilize PI Asset Framework Savles' ],; I @
. Iproper testing is geedled to avoid and Seeq to search for PI gn? KSIS ime per
ost capacity, product losses, or - atcn.
even complete loss of batch. Contmuo_us data and _ _
+ Analyzing result of homo_geneitg automatically summarize. « Less time spent
test uses a time consuming an i
variable manual procedure. Eollectlng tdata’l mf)re
Ime spent analyzing
data.
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50

- * Find the peak

» Characterize the peak

o * Find max

A, Find 10% Level
* Find times of interest
Do math: At/At,

35

30

25

20
01:26 02:10 02:53 03:36 04:19 05:02 05:46
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The Raw Data

180

Conductivity Signal

120

100

80

60

...lJ H id PV

Jung  Jun8 Jun10 Juni12 Juni4 Juni16 Jun 18 Jun20 Jun22 Jun24 Jun26 Jun28 Jun30 Jul2 Jul 4 Jul & Julg Jul10 Jul12 Jul14 Jul16  Jul 18 Jul 20 Jul 22
4 642016 11:35 PM EDT H“ 4 1c6months P W 7/23/2016 3:08 PM EDT

o
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The Raw Data N

180

160

140

120

» .A
; \/
6:28 am 6:30 am 6:32 am 6:3¢ am 638 am 6:40 am 6:42 am

In
100 ¥ 71712016 6:26 AMEDT H 4 7Tminaes B W /712016 6:43 AM EDT

80

60

2: ...lJ H o PV

Jung  Jun8 Jun10 Juni12 Juni4 Juni16 Jun 18 JuR20 Jun22 Jun24 Jun26 Jun28 Jun30 Jul2 Jul 4 Jul & Julg Jul10 Jul12 Jul14 Jul16  Jul 18 Jul 20 Jul 22
4 642016 11:35 PM EDT H“ 4 1c6months P W 7/23/2016 3:08 PM EDT
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Find data of

Interest based on
process conditions

- = Signal Logic . = Capsule Logic
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. = Signal Logic . = Capsule Logic
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Smooth Data 1st Derivative

. = Signal Logic . = Capsule Logic
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| "

. = Signal Logic . = Capsule Logic
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iVJ m\ | | Split Peaks into

Er" M right and left
e “halves”

: K AN
= A =

. = Signal Logic . = Capsule Logic
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. = Signal Logic
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. = Capsule Logic
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A s b W

e

M4 s b W

10% Threshold

. = Signal Logic

0O O @ eosisoft

#OSlsoftuC

. = Capsule Logic
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w4
{ —— |

. = Signal Logic . = Capsule Logic
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Segment Portion

Above Threshold

w4
{ —— |

. = Signal Logic . = Capsule Logic
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s s A e b B a0 e 4 moves e A s b W e | e M4 s b W

CRESE s ps + i
T = = =

s L

. = Signal Logic . = Capsule Logic
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a4 N
A Calculate
’ ' Asymmetry
/ \ Ratio
M4 s b ¥

gnal Logic . = Capsule Logic

b e sseuen
. |
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WA i b B

oz R —

e
B

gnal Logic . = Capsule Logic
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7
B

. = Capsule Logic

gnal Logic
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Result: Automatically go from this....

ChromeCol & Danel | =

a E e I (o & o .
Calendar ule Ona Lane Y?:xels Spresd  Custom Zoom  Cursors  Export

o | ﬂ P " Conductivity Signal m

140
120

100

8D

60

40

i .[“”UJLU | RS [M il L

Jun 8 Jun 10 Jun 12 Jun 14 Jun 16 Jun 18 Jun 20 Jun 22 Jun 24 Jun 26 Jun 28 Jun 30 Jui 2 Jul 4 Jul 6
+ 6712016 847 AM EDT “ € 12months B W

Juls Jul 10 Jul 12
TH272016 4:16 PM EDT

Feb 16 Mar 16 Apr'16 May "16 Jun'16 Jul 16 Aug 16 Sep'16 Oct 16

Mov '16 Det 16 207 Feb 17
1 1302016

1.1 vears 2/2172017
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...to this:

ChromeCol

A~ B % = fler  fllr Q.
Calendar C Capsule One Lane One Spread Custom  Zoom  Cursors
Y-Axis

Conductivity Signal

»|,

Calculated Asymmetry

1.040

1.035.
4 6712016 6:42 PM EDT M 4 12months B W 732016 2:11 AM EDT

Feb'16 Mar 16 Apr'16 May 16 Jun*g Jul 16 Aug 16 Sep'16 Oct'16 Nowv 16 Dec 16 2017 Feb'17
1 1z02016 1.1 vears 212172017
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Translate logic to PI AF/EF and PI Vision for GMP use:

O Project Vision

by OSisoft

@ Events DVN_CHROM_ASYM  Asset | 110_LHS_610 ¥ « Ad Hoc Display (10 v

H@ [ B [[12/28/2016 3:01:25 PM |
BB

Evaluation Wersion - expires in 63 days 0 New Display | | ONEWwasserd | (7]

[+/] Automatically refresh the list

Chromatography Asymmetry - 110_LHS _610...

1242872016 3:01:10 PM - 12/28/2016 3:03

Attributes

Chromatography Asymmetry - 110_LHS_61... ‘24.2641??1

=| A - Pre Start: 21.39 mS/cm

B - Asymmetry Start: 24 216 mS/cm 12/28/2016 3:01:10 PM 12/28f2016 3:03:56 PM

C - HETP Start: 35.52 mS/cm
= D - Maximum: 49 .65 mS/cm
= E - HETP End: 21.28 mS/cm

=| F - Asymmetry End: 24 216 mS/cm 12/28/2016 2:01:10 PM 12/28/2016 3:03:56 PM

=| G - Post End: 21.28 mS/cm 4 2m 46s ¢ ’ Now
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Easily evaluate and compare (overlay) peaks in Pl Vision:

O l:'-(oﬂ,e? Vision Evaluation Version - expires in 55 days © NewDisplay | m | onEwassen | @

Display: Click Save lcon* m

Outlet Conductivity PV (mS/cm) x

@ Events

”a E’I Automatically refresh the list gl — == E
i ‘%
_45 [ _/_.r \.\
40 L A\ N
,_'/ / \_‘
Chromatography Asymmetry - 110_LHS_ ... | |53 A\
-
¥ Chromatography Asymmetry - 110_LHS . 7 AN
/ \
O Chromatography Asymmetry - 110_LHS_ | I £ "\_\
y
© Chromatography Asymmetry - 110_LHS_ ... ,/ \‘“-\_
Vg —
k25 \\‘H.,
rch Criteria e e
g ) B —
Attributes
Chromatography Asymmetry - 110_LHS ...
=| A - Pre Start: 21.39 mS.

=| B - Asymmetry Start: 24.216 mS/cm
LETP Start: 35.52 @ Chromatography Asymmetry - 110_LHS 610 - 2016-12-28 15:01:10.000
G- Start: 35.52

Maximum: 49 85 mS/cm Chromatography Asymmetry - 110_LHS 610 - 2016-07-07 4:38.000

= £ _ HETP End- 21 2?8 mS/cm ¥ Chromatography Asymmetry - 110_LHS 610 - 2016-06-17 23:07:06.000
=] F - Asymmetry End: 24 216 mS/cm O Chromatography Asymmetry - 110_LHS_610 - 2016-06-11 23:12:35.000

=] G - Post End: 21. /em & Chromatography Asymmeiry - 110_LHS_610 - 2016-01-25

&) 110_LHS 610
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Summary of Automation of
Chromatography Column

Characterization

v

CHALLENGE

Replace manual
confirmation of correct
column packing with an
automated process

» Improper packing can cause low yield,
poor quality of product or even complete
product loss. Confirmation of correct
packing is very important!

» Requires specialized knowledge to find
data

» Requires specialized knowledge to confirm
packing is correct

@ osisoft. USERS CONFERENCE 2017

Bristol-Myers
Squibb

SOLUTION

Capture knowledge for
confirming packing using
Seeq and data in the PI
System

» Seeq provided flexible tools for
finding conditions (capsules) and
manipulating data (signals)

» Developed and tested automation
of confirmation of correct packing

0O O @ eosisoft

Our Mission

To
discover,
develop and
deliver innovative
medicines...

RESULTS

Fully automated column
packing confirmation
deployed using Pl AF/EF
and Project Vision

» Automated packing homogeneity test
deployed to GMP environment
reduces time and improver
consistency

» Testresults can be trended and
correlated with process performance
to further optimize efficiency and cycle
time.

#OSIsoftUC  © Copyright 2017 OSlsoft, LLC




Use Case: Leverage Asset and Batch Context
Automate Campaign Summaries in Seeq

. Pl Batch

{ Pl SDK: Grab S88
yomt Jupyter names for each unit

operation.
Campaign Search

Compound
BMS-123456 i > Dry 1
Campaign Short Name Campalgn Seeq REST APl BTSSR
g (TSS info from Automatically
Approximate Start Date user Create Seeq
yyyy-mm-dd searches on string
Approximate End Date tagS USing S88
yyyy-mm-dd
names.

Any PO from campaign .
123456789 Sheet for each unit
operation. Searches

find data from each
batch in search range.

Jupyter notebook hosted on BMS intranet.
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Benefits
* Open architectures let you get most value from your data.

 Use the best tool for the task.

Site-wide Ad-hoc Rapid Business
Access Investigation Reporting Integration

Seeq

O Pi Coresight Workbench Frontend © Spotfire

(ﬂ OSl:oft.
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Summary: Complimentary Tools Meet Needs Across the
Organization

« Use PI AF/EF, PI Coresight/PI Vision and Seeq to explore
Pl System data, discover events, and find data of interest

« Use Seeq to develop logic to capture, share, and automate
generation of process knowledge

« Further automation of knowledge generation facilitated by
open architecture of the Pl System environment

« Knowledge can be deployed to the plant floor and GMP
environments using AF, EF, and PI Coresight/PI Vision.
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Continue the Discussion

« Seeq — Booth 16
 (OSIlsoft Visualization — Booth 51
 Asset Framework and Event Frames — Booth 50

@ osisot. USERS CONFERENCE 2017 O O D ceosisoft  #0SIsoftUC  © Copyright 2017 Osisoft, LLc 44



Contact Information

Robert Forest Daniel Wasser
robert.forest@bms.com daniel.wasser@bms.com
Research Investigator Il Global Manufacturing IT
Bristol-Myers Squibb Bristol-Myers Squibb

Brian Crandall
brian.crandall@seeq.com
Seeq

@ osisot. USERS CONFERENCE 2017 O O @ @osisoft  #0SIsoftUC  © Copyright 2017 osisott, LLc 45


mailto:Robert.forest@bms.com
mailto:email@osisoft.com
mailto:brian.crandall@seeq.com

Questions

Please wait for the
microphone before asking
your questions

State your
name & company

Please remember to...

Complete the Online Survey
for this session

Download the Conference App for
OSilsoft Users Conference 2017

: .‘ AE)p'S‘(orE
» View the latest agenda and create your own
P> Google Play

* Meet and connect with other attendees
5 urML

search OSISOFT in the app store
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)R- ZEAbEhL| O ﬁj 15#_[
Xk Danke |
e Merci Gracias
x Thank You
@- HOmeES
4 CI'I&]CI/I@O Obrigado
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Backup Slides
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ﬂ%g e e v ® o .

Calendar | Chain = Capsule One Lane One Spread  Custom Zoom Cursors
W-Axis.

21.3

2098

43.78

4368
45.53

45.40

25 —
: — - ~

- -— — —

4 6412016 1:31 AM EDT H 4 176das P W 6/21/2016 4:26 PM EDT

Feb "6 Mar 16 Apr™6 May "16 Jun “16 Jul “16 Aug 16 Sep'16 Oct "6 Now 16 Dec “16 217 Feb"17

1 102016 1.1 years 221207

i Dot § Capies

] + Name = Assets = O Start “ Duration = M B M B MNB MB
D M Outlet Conductivity PV 110_LHS_610 O Jun 11,2016 11:12 PM 00:01:18333 © @ o o
O ™M Starival 110_LHS_610 O Bl Jun 11,2016 11:13 PM 00:01:30.068 < o o <
0O M Maxval 110_LHS_610 O Jun 17, 2016 11:07 PM 00:01:17659 < @ o o
O M. TenPct Thresh 110_LHS_ 610 O [ Jun17, 2016 11:08 PM 00:01:34386 @ o o
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