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PAT CAN BE EASY.
YOU JUST NEED SMART SOLUTIONS.

A3P BIOPRODUCTION CONGRESS

Philip Mathuis,
Brussels, May 25 2016
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QUALITY IS BUILT INTO THE PRODUCT
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PROCESS ANALYTICAL
TECHNOLOGY
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PAT

A system for
, and

manufacturing through timely
measurements of critical

and performance
attributes of raw and in-
process materials and
processes, with the goal of

ensuring
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IMPLEMENTING PAT IN 4 STEPS

Choose the Select the right Switch to Take control of

right critical technology automation your process
quality process

parameter
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STEP 1 - CHOOSE THE RIGHT CRITICAL
QUALITY PROCESS PARAMETER

THE “PROBLEM” IS VARIABILITY, W. Edwards Deming’s
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ROUTINE MEASURES

CELL CULTURE MONITORING

REDOX pO2 EO2 ECO2 AIRFL  pH ST TEMP
mV %sat % % slpm pH °C
4008 1100y 22 10. 110.00  8.00 #1401 150.0
s 21 50 -
100.04 20. 9 .00 1 k48.0
3004 19, 5 7.50 3
250 90.04 :g 8. 00 £46.0
it 80.04 16. 7.50 7.00
150 15 7 7.00 444.0
A p 1
j0d 7004 14 : ' 7 ' ! ' o B
13. 6. y .00 ' 442.0
W 60.04 12 | o 50 '
0 11. 5. A 00 46.00 £40.0
R X0 B ) E ! ] 50
100 9. 4, it y T T T T 4.00 I5.50 E 438.0
= 40.04 8. } I 1 } =
: 50 00
1508 7 Al , .
= il 6' 3. vy i : | | 4 $3.00 i £36.0
200 ; g 250 500
250 .. e 2. 2.00 , £34.0
300 3, T T T T 1.50 L1.50 200
100 2 1.00 .00 ’ " 32.0
333 1. 50 100
4 o 4.00 30.0

Classical sensors measure a product
® parameter shown to directly affect the
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CELL BEHAVIOR
SINGLE CELL MONITORING

Looking at the cells helps anticipate the
variability in product quality
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STEP 2 —SELECT THE RIGHT
TECHNOLOGY

SMART CELL CULTURE MONITORING

Proprietary & Confidential © 2016 Ovizio, All Rights Reserve d @



THE ESTABLISHED METHODS

| ixs 5 = (M,,_ulif

2000 2004 2005 2008 2015
Trypan Automated Fluorescence Coulter counter In-line microscopy
blue Trypan blue illumination
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TH E TRYPAN BLU E HOW MANY VIABL'E AND DEAD CELLS DO YOU COUNT?
DYE EXCLUSION Ll
METHOD

The standard method to monitor and
document cell concentration in biotech
research and production processes.

e Subjective
* User-dependent
* Low precision

* Poor accuracy
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AUTOMATED CELL
COUNTING — CELL
COULTER COUNTER

* No defined separation between dead
& viable cells

e User needs to interpret data to get
numbers

* Results are user-settings dependent
* Dilution required >10m cells/ml

* Poor accuracy and reproducibility

CASY-PPESENTATION =] B3
ei Bearbeiten Ansicht ? =15
. 0 g 0 . 0 0 — — 0 |
CASY-PPESENTA A cl - SF-21 - viable.cif - CASY [Scharfe System] | _ (O] x]
E ntwurf Presentatio File Analyse System  Help
ammiung Texte ur | 3 B | =3 [ s |
PLuszug aus Falkent
[ASY training Biosis| Counts U:\Labor\CASY-TTC2ACASY-TTC-2 DEMO\cell lines - insecticl - SF-21 - viable. crf
[CASY training JSCH | I
Fasy_illu_new_pixel 120
FP-Prasentation-JSI | I
Prasentation - WOF 1107 | I
orlage Schulung-T 100
orlage Schulung-y a0 | |
/orlage Schulung-2 - | |
orlage Schulung-y | |
orlage Schulung-y 70
60+ | I
50 | |
40- | |
30 | |
20+ |
10+ | |
0- r : T T T T -1
0 10 20 30 40 50 pm
Comment  [Cell Line: SF-21 i
Cell Type: insect - fall army worm (Spodoptera frugiperda) BRI
— - viable culture - Calibration File ~ K0O0D_050.150
Ibjekt(e), 4 verstect
PARAMETERS Capillary 150 pm Size Scale 0 to 50 pm
Sample Yolume 3 x 400 pl Smoothing 1] Evaluation Cursors 1499 to  50.00 pm
Dilution Factor 100.0 Aggr. Correction Off Normalization Cursors 586 to 5000 pm
RESULTS
Concentration 0K | Viable Cells/ml 1.093E06 Mean Diameter 22.24 pm
Counts 13114 + 04 % Qelaﬂs' Total Cells/ml 1.271 E0OB Peak Diameter 20.06 pm
Counts/ml > 50 pm 5833. % Viability 86.0 % Mean Yolume 6939, fl
Debris/ml 2528 E05 Wolume/ml 7.584 E0S 1l Peak Yolume 4228 fl
CASY® Measure  Serial-Number: Date/Time 25.11.03 - 22:01:41 Scharfe System (Supervisor)
; Ready
ichnen k C., A = -

A R T
3 Ab1 13/68  [Bei 24,6cm Ze 11 Sp 1 ek i) | JERew] o] | [CILEK

Elalt! CASY-TTC-2 DEMO I B3 Microsoft \Word - Vorlage SI l cl - SF-21 - viable.cif... ‘. CASY-PPESENTATION I (‘JE% 23
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AUTOMATED CELL &. |
CO U NTI N G = FACS % Dead / Compromised
G :
* No defined separation of dead, < :
apoptotic and viable cells. = i
* User needs to interpret data to get m'- -
numbers. : Q1
* Definition of different areas gives ] p Ry
different results. o« | Live SR ORI _
= TS o st -, Apoptotic
jias g
! llll 4 I llllll -’;.l;l\ll.ll 1 "; l‘llllll| |
10° 10° 10* 10°
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g x10 g 6:10‘
IN SITU : :
MONITORING RN
" - . . . § L. . : ,
,5 500 1000 1500 2000 5 500 1000 1500 2000
Some in-situ spectroscopy techniques Wavenumbers (cm ') Wavenumbers (cm ')
:  x10 g x10
have been developed to monitor the g S
status of the culture looking mostly at § g i d |
the metabolites generated by cells. 3 > 2
i HS PN
€ | <
* Not always reliable measures due to | s e w0 37 2055 e 2006

complex interactions caused by cell Wavenumbers (cm ') Wavenumbers (cm ')

debris and bubbles. g 0 ’ g 0 :

[~ &
) ) g 4 e g 4 f
* Only viable cell density L, A j s J\J\
i, " | ; § ol A
b 2 - - . ‘ - 2 - - - i
5 500 1000 1500 2000 5 500 1000 1500 2000
Wavenumbers (em ') Wavenumbers (cm ')
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SMART
MONITORING

Measure and track data per single cell

jon Pesk Intensity «

<

=
=
e

Anticipate cell health status
Detect cell debris

Differentiate dead and living cells

*Normaloed Optical Hesght

Statistical analysis on the cell oMormalized Peak Acca
population to define and control *Normakzed Peak Hesgh
critical process parameters s s

Annsrenate con
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STEP 3 - SWITCH TO AUTOMATION

IMPLEMENT PAT IN YOUR PROCESS

Proprietary & Confidential © 2016 Ovizio, All Rights Reserved G




MANUAL C
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SAMPLE

A lhm-
COUNT

=y TN

PREPARE

DILUTE — SUSPEND — MIX — ADD TRYPAN BLUE — GENTLY MIX — WAIT 5 MINUTES — WASH
DETACH OR SAMPLE CHAMBER — WASH COVER SLIDE — APPLY CELLS TO CHAMBER — WAIT 1-2 MINUTES
—> 10 STEPS

COUNT UNDER MICROSCOPE — COMPUTE
CELL COUNT — COMPUTE % VIABLE CELLS
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4 3 al
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SAMPLE

P

PREPARE

e

" COUNT

DILUTE — SUSPEND — ADD TO SAMPLE VIAL — ADD REAGENTS INSERT VIAL IN COUNTER — START
> 4 STEPS ANALYSES — RESULTS ON SCREEN
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IN LINE OR PLACE RECIPIENT ON STAGE —
START ANALYSES — RESULTS ON SCREEN



290 CEL‘LS — 95% CONF.
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PHASE IMAGE
a4 3D IMAGE

INTENSITY IMAGE
3D TOP VIEW IMAGE



A ROBUST PAT TOOL - COMPARABLE TO ROUTINE OFF
LINE LAB RESULTS

Viable Cell Density: evolution over time

Viable Cell Density (1046 vc/mL)

Time (h)

OsOne Viable Cell Density Vi-Cell Viable Cell Density —* Manual Viable Cell Density
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VALUE OF SMART
MONITORING

* INCREASED CONTROL

* TIME GAIN AND TRACEABILITY OF
RESULTS

* INCREASED REPRODUCIBILITY

* DRASTIC REDUCTION OF MANUAL
OPERATIONS

* REDUCED INVESTMENT AND FTE
COST - Fast ROl

BASE ASSUMPTIONS

200 WORKING DAYS

15 SAMPLES PER DAY

46 K€ COST OF LABOR PER YEAR
20% OVERHEAD

5 YEAR AMORTIZATION

Manual Automated Ovizio
counter counter

= Yearly cost
== Yearly cost saving
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STEP 4 - TAKE CONTROL OF YOUR
PROCESS

CONTINUOUS MONITORING AND CLOSED LOOP CONTROL
OF YOUR PROCESS

Proprietary & Confidential © 2016 Ovizio, All Rights Reserve d @



CLOSED LOOP CONTROL OF
CONTINUOUS MONITORING THE BIOPROCESS

For the whole experiment By time point
Channels  Configuration i yot e
Started : mardi 5 janvier 2016 18:07:30 5
100 | st
\V\‘\d\'\r\_\ — \Viability
< %
T i
L \
0 0 15‘() IC | :
Time [h]
i //’"Mm“‘:\l’f.‘:;'t o Doy
‘e N
: ~ N -
g e ‘ \ =
o - The process performance could be

©® improved by direct adaptation of the
ovizoe._ =~ SEOEREIENEESS




ADVANCED PROCESS
OPC INTEGRATION CONTROL

In development:
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CASE STUDY

CLOSED MANUFACTURING SYSTEM
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CASE STUDY — DISCRIMINATE CELL TYPES

IN-PROCESS COUNTING OF VIABLE
CELL DENSITY OF:
RED BLOOD CELLS
*  GRANULOCYTES
LYMPHOCYTES
DENDRITIC CELLS
NO LOSS OF SAMPLE VOLUME

* US CUSTOMER

*  IMMUNOTHERAPY

BACKGROUND B« ENHANCED
DENDRITIC CELLS

*  6— DAY PROCESS

CRITICAL PARAMETERS HERE ARE TO MONITOR CELL CHARACTERISTICS
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HOLOGRAPHIC FINGERPRINT SHAZAM™ FOR CELLS

el e IDENTIFY
NUCLEUS TO b | » DIFFERENTIATE
EXI-;-?; LASM e COUNT
« COMPARE
MEMBRANE « ANALYZE
INTEGRITY

* ASSESS VIABILITY

VOLUME

DIAMETER g

HEIGHT
LENS VARIANCE
BEHAVIOR
SIZE

CELL
PERIMETER  c|RCULARITY

59 PARAMETERS ARE RECORD PER CELL — MACHINE LEARNING
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CASE STUDY - RESULTS

0,79 M Cells/ml 6,5 M Cells/ml

100% 100%

90% 90%
80% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% 30%
20% 20%

10% 10%

0%
ovizio FCM ovizio FCM

0%

B Monocytes M Lymphocytes M Granulocytes B Monocytes M Lymphocytes M Granulocytes
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RESULTS
CASE STUDY - CONCLUSION

Phase image - Red Blood Cell 3D View of the phase image
“Donut” shape of Red Blood Cell
Ovizio’s technology can be used in a

closed manufacturing systems
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CONCLUSION

PAT can be easy with Smart solutions.

Q\/ Simplify measurements
Q\/ Automate analysis
Q\/ Facilitate electronic batch record

IF YOU WANT TO TRY THE SYSTEM SEND MAIL TO:
info@ovizio.com
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