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On the Road to Utopia...

FLOW CYTOMETRY IS A VERY EXCITING, FAST MOVING FIELD

» As aresult, it is a big challenge
to be and stay state of the art.

» In global clinical trials, the biggest
challenge to achieve good quality
comparable data across:

e Multiple instruments

FACSCanto™ II, BD

e Multiple sites

Geneva, Indianapolis, Singapore

e | ong period of time
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Standardization...the First Step to Utopia

» Ensure multiple instruments/sites comparability
» Ensure longitudinal comparability

-

]

Geneva, Switzerland
¢ 9 instruments

\
Tokyo, Japan ﬂ
2 instruments \\-

Shanghai, China 1“
2instruments &G

Indianapo"li>s, USA
8 instrument

i

xc Singapore “
3 instruments \‘1,

Standardization is KEY to generate high quality flow cytometry data in clinical trials

COVANCE.
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Standardization in Practice...

AT TIMES, THE JOURNEY LOOKED MORE LIKE
THE ROAD TO PERDITION...

COVANCE.

SOLUTIONS MADE REAL
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Outline

How did we standardize our FACSCanto™ Il (BD) in 20127?

Global performance monitoring results

Are we good? Yes!

Can we get better? Yes!

New standardization pilot study

Outlook to the future

COVANCE.
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How Did We Standardize in 20127

INITIAL SET-UP

Define standard

configuration

3-laser, 8-color {(4-2-2) WE 2.0 Covance 06-29-2011

Blue Laser Red Laser
(488nm) (633nm)
FSC

18060 633 66020 (B533)

585142 (438)

670LP (488)

Violet Laser
(405nm)

780/50 (488)

530130 (488)

6 | Paving the Road to Utopia, 2016

COVANCE.

SOLUTIONS MADE REAL®



How Did We Standardize in 20127

INITIAL SET-UP

Compile baseline

report for predicate

values
Detectors rSDen Value
530/30 (488)-A 16.2
585/42 (488)-A 18.5
670 LP (488)-A 19
780/60 (488)-A 19
660/20 (633)-A 14.5
780/60 (633)-A 15
450/50 (405)-A 14.5
510/50 (405)-A 16

rSDen: robust standard deviation of electronic noise

COVANCE.
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How Did We Standardize in 20127

INITIAL SET-UP

Step 3a:
Fix Minimal PMT Voltage

» Acquire (lysed) unstained blood

» Adjust PMT voltages:
Fluorescence of lymphocytes
is safely above the noise

» Record voltages
» Check PMT voltages:
Stain blood with a bright marker,

verify the population is still within
the linear max range

PMT: Photo Multiplier Tube
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Create ASTV
template on single
instrument

-A

(488)

585142

lymphsg

A
.I"

s 100 150 200 260 - : » < .
1.000) g 010 10 10 10
FSCc-A &L 530/30 (488)-A
530130 (488)-A 585/42 (486)-A 670LP (488)-A 780/60 (488)-A BB0/20 (633)-A 780/6D (BI34A 450/50 (405)A 51050 (405)-A
rSD 1SD 1SD 1SD 1SD rSD 1SD [£=]0]
40 47 48 49 37 38 37 40

target rSDstaineg = predicate SDg, x 2.5
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How Did We Standardize in 20127

INITIAL SET-UP

Create ASTV

template on single
instrument

Step 3b: g : Specimen_001-Tube 008 | Specimen_001-Tube 008 :Jbe:I rTube_DUS
Create Fluorescence Target Values [ Dueons
] ] K Weright
» CS&T beads are acquired 8
using PMT voltages established . : |
in Step1 #] *
» The median fluorescence g f
intensity (MFI) values of the ]
bright bead population in each 1 E
detector become the CS&T LI B R A DA A
beads fluorescence target
values Fopiion Mot o oon i oton_odon et ot
[l right 21,342 27,236 48,962 36,005 40,586 61,820 15,088 42,085
ASTY Basic Covance 21116 7241 49570 36406 40214 62363 15062 41940
CST lot: 66656

BD™ CS&T beads: Cytometer Setting and Tracking beads

COVANCE.

9 | Paving the Road to Utopia, 2016
SOLUTIONS MADE REAL®



How Did We Standardize in 20127

INITIAL SET-UP

Template containing fluorescence target values
was exported in a standardization package

Standardization package was
imported in each cytometer

PMT voltages are adjusted so that CS&T bright
beads are reaching the fluorescent target values

Voltages are saved as
“application settings”
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Standardize other
instruments with
ASTV target values

Covance
FACSCanto
Setup Transfer
Package V1.9
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How Did We Standardize in 20127

DAILY WORKFLOW

Run CS&T Open Specific Apply Run

Performance Experiment and :
Check Apply ASTV Compensation SEMIER

» The same CS&T beads from the same lot are run daily
on each single instrument.

» CS&T module adjusts PMT voltages so that each instrument
reaches the same defined target fluorescence readout everyday.

COVANCE.
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Global Performance Monitoring

19 FACSCANTO™ |l MONITORED WEEKLY WITH CYTO-CAL™ BEADS
(THERMOFISHER SCIENTIFIC)

» Mix of hard-dyed beads that have | = | =) ‘
S defined fluorescent intensities o el ]
» Hard-dyed beads are bound N
with fluorochrome surrogates o ]
. §137 \ éea_ _l\
» Fluoresce in all of the 8 detectors L oa T R A
of the FACSCanto™ || (BD) SO S O s
L] |
ol ‘lﬂ;ﬂ /?,3 )\ 4 - 0_%(;::% [,;\ J\ _'4 -
» Fluorescence of peak 5 is B 1 S ™ YV S
monitored in each of the 8 detectors | | = ]
§1e7 ||| 51:49
0 1lfb\ J 0-,-:---“2 A - - -
Remember hard dyed beads... LI A L
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Global Performance Monitoring

EXAMPLE: DETECTOR 585/42 (488) OVER THE PAST 6 MONTHS

A 50000
=0—428
45000 =446
—h—
40000 - 883
—>¢=884
35000 & —>=906
=8-—1532
— 30000
LL et 2020
=
O 25000 —2021
X
8 —2238
o 20000 ——1967
—a—-496
15000
=890
10000 2045
=H=2292
000
5 =0—448
0 T T T T T T T T 486
16-Apr-16 6-May-16 26-May-16 15-Jun-16 5-Jul-16 25-Jul-16 14-Aug-16 3-Sep-16 23-Sep-16

COVANCE.
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Global Performance Monitoring

——428

530/30 (488)  585/42 (488) 670LP (488)  780/60 (488)

== 446
=883
—884

—t=906

—8—1532

=—4+=2020

m———Pegk 5 MFI

—2021

2238

—— 1967

—— 496

620/20 (633) ~ 780/60 (633) 450/50 (405) 510/50 (405) T80

====2045
—ie=2292
448
=== 486
——1544
769

1853

879
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Global Performance Monitoring

SUMMARY: SINGLE INSTRUMENTS ARE VERY STABLE OVER TIME

The “best” instrument:
530/30 (488) | 585/42 (488) | 670 LP (488) | 780/60 (488) | 660/20 (633) | 780/60 (633) | 450/50 (405) | 510/50 (405)

mean 62772 37566 43999 6671 36620 12408 69504 17719
SD 1244.91 483.00 1279.43 195.98 1039.25 393.10 1718.17 386.67
%CV 1.98 1.29 2.91 2.94 2.84 3.17 2.47 2.18

The “worst” instrument:
530/30 (488) | 585/42 (488) | 670 LP (488) | 780/60 (488) | 660/20 (633) | 780/60 (633) | 450/50 (405) | 510/50 (405)

mean 50619 34531 38110 6125 31013 10781 41745 16342
SD 2734.00 1707.91 2483.77 251.92 2602.70 997.84 2565.05 1453.90
%CV 5.40 4.95 6.52 4.1 8.39 9.26 6.14 8.90

SUMMARY: INTER-INSTRUMENT VARIABILITY IS ACCEPTABLE

530/30 (488)| 585/42 (488) | 670 LP (488) |780/60 (488)| 660/20 (633) | 780/60 (633) |450/50 (405)[510/50 (405)

grand mean 56086 35983 42967 6453 31023 11883 65070 21212
SD 5323.81 1690.60 2484.85 389.22 2649.41 709.15 7648.58 2523.69
%CV 9.49 4.70 5.78 6.03 8.54 5.97 11.75 11.90
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Current Standardization Summary

IS OUR CURRENT STANDARDIZATION GOOD? YES !

In conclusion, CS&T and CYTO-CAL™ beads are:

, Good to set-up and monitor single instruments
and achieve stability over time

Good to achieve robust inter-instrument comparability

COVANCE.
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Current Standardization Summary

IS OUR CURRENT STANDARDIZATION GOOD? YES !
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Making a Good Thing better...

CAN WE GET BETTER? YES'!

530/30 (488) | 585/42 (488) | 670 LP (488) | 780/60 (488) | 660/20 (633) | 780/60 (633) | 450/50 (405) | 510/50 (405)

highest mean 63566 37630 45777 7045 36620 13241 72987 24191
lowest mean 47367.00 33666.00 38110.00 5894.00 26046.00 10781.00 41745.00 15529.00
% difference 25.48 10.53 16.75 16.34 28.87 18.58 42.80 35.81

» We would like to reduce inter-instrument variability observed when
monitoring MFI
Inter-instrument variability can be attributed to:

» Variations between the optical systems between instruments
(laser alignment and power, PMT sensitivity, optical noise)

» CS&T and Cyto-Cal™ beads are hard-dyed beads, they are
bound with fluorochrome surrogates, whose excitation and

emission spectra are different than specific fluorophores

Hoffman et al, 2012 | Yan et al, 2014

COVANCE.

ing the Road to Utopia, 2016 ;
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Making a Good Thing Better...

CAN WE GET BETTER? YES'!

» Instead of hard dyed beads, we can use specific
fluorochrome bound beads to standardize instruments:

e Covalently bound to the real fluorochrome
e Stable levels of fluorescence over time

» \We can use Fluorescent Control Beads (Fc beads)
provided by BD Biosciences to standardize instruments
e Fcbead FITC
e Fc bead PE
e Fc bead PerCP-Cy5.5
e Fc bead PE-Cy7
e Fc bead APC
e Fc bead APC-H7
e FC bead V450
e Fc bead V500 Cat#658621

COVANCE.
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New Standardization: Principle

INITIAL SET-UP

Create ASTV
template on single

instrument

Step 3b: ki
Create Fluorescence Target Values [

Tube Name: FITC
Record Date: Aug 15, 2016 3:20:56 PM

530/30 (488)...
Population #Events %Parent Median

2

LTS T R
[ 530130 (488) 9,948 348

s | [l target 28,596 81.6
» Fc beads are acquired using (=]
PMT voltages established !

in Step’ 3 hi

. . T e s |l target 23,712 87.6 l_ua_

» The fluorescence intensity (MFI) e A
values of the bright bead

population in each detector |

become the Fc beads e | B B [

fluorescence target values

Tube Name: PE
Record Date: Aug 15, 2016 3:24:54 PM

585142 (488)...
Population #Events %Parent Median

Tube Name: PerCP Cy55
Record Date: Aug 15, 2016 3:29:34 PM

Li| | Tube Name: PE Cy7
{ Record Date: Aug 15, 2016 3:36:37 PM

780/60 (488)-A
i Population #Events %Parent Median
* M target 22,306 837 1
780/60 (488)-A 780/60 (488) 9,903 44.4 | 134,787

COVANCE.
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New Standardization: Principle

INITIAL SET-UP

Create ASTV

template on single
instrument

Specimen_001-APC ‘

Step 3b:

Tube Name: APC
66020 (BH3)|| Record Date: Aug 15, 2016 3:40:57 PM

Count
PV iV

|

Create Fluorescence Target Values

660120 (633)-A
Population #Events %Parent Median

w1 w0t e | Eltaret 26,907 306

> Fc beads are acqu”-ed US|ng V 66020 (633)-A X 660720 (633) 10,314 383 |35,323
PMT voltages established ”
in Step1 780160(63

i 1 ] s | Wl target 27,361 8.4
» The fluorescence intensity (MFI) omngn Mmoo w93 [wm]
values of the bright bead
450/50 (405)-A

population in each detector | ‘
become the Fc beads T o | B W ne e

450/50 (405)-A X 450050 (405) 9,943 377

Tube Name: APC-H7
Record Date: Aug 15, 2016 3:44:28 PM

Count
0

780/60 (533)-A
Population #Events %Parent Median

50

Tube Name: V450
450/50U4405) | Record Date: Aug 15, 2016 3:48:35 PM

Count
| PR A e

S K -
§-:-ec|men 001-¥500-C
=& 0150 (404) Tube Name: V500-C
371 Record Date: Aug 15, 2016 3:54:08 PM
© g4
3 510050 (405)-A
o Population #Events %Parent Median
w0 w0 ot e | Etarget 35,554 68.1 ,—gq.l
510150 (405)-A B4 s10i50 (405) 9,728 274 14,897
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New Standardization: Pilot Experiment

4 instruments
(FACSCanto ™Il (BD))

Current standardization: New standardization:
CS&T beads Fc beads

Monitoring Fluorescence (MFI) Monitoring Fluorescence (MFI)

Cyto-Cal™ Fc beads CompBeads™ Cyto-Cal™

(real 2 (hard dyed)
fluorochromes) B

\ 1 BD™ CompBeads:
- Compensation beads

Compare Median Fluorescence

Fc beads CompBeads™

(real (real
fluorochromes) fluorochromes)

(hard dyed)

(real
fluorochromes)

(MFI) across the 4 instruments

COVANCE.
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Current Standardization: Monitoring
Example: detector 660/20 (633)

Hard dyed beads: Fluorochrome bound beads: Fluorochrome bound beads:
Cyto-Cal™ Fc bead APC Comp bead CD8 APC

I 60000

50000
& ><
™ T & =
© 40000 42020

e

N x ¢ ¢ m1532
S 30000 & 5 &
© A 884
< 20000 X446
L
=

10000

0 © o o © © © © © ©
N N N N N N N
e e P S & © S P
N Vv v N V v N Vv v
Cyto-Cal™ Fc bead APC Comp bead CD8 APC
15-Aug-16 | 22-Aug-16 | 29-Aug-16 | 15-Aug-16 22-Aug-16 | 29-Aug-16 | 15-Aug-16 22-Aug-16 29-Aug-16
2020 36178 35053 35241 N/A 48878 49533 43651 45591 44048
1532 28152 27274 28171 N/A 49043 50493 44339 43507 45318
884 29540 29202 30167 N/A 48566 50111 43299 44357 45567
446 34110 30420 32354 N/A 47187 49780 47680 42900 44313
mean 31995 30487 31483 N/A 48419 49979 44742 44089 44812
SD 3269.63 2864.76 2625.95 N/A 731.35 360.60 1736.86 1009.98 643.96
| %Ccv | 1022 | 940 | 834 | N/A | 151 | 072 | 383
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Current Standardization: Monitoring

Observed inter-instrument variability (%CV) depends
on the type of bead used for the monitoring

Higher inter-instrument variability (%CV) is observed
when hard-dyed beads are used for the monitoring

510/50 (405)
450/50 (405)
780/60 (633)
620/20 (633) ® Comp beads
780/60 (488) . (F:C be(a:dls
® Cyto-Ca
670LP (488) Data from 22aug16 (representative of
585/42 (488) the other two monitoring replicates)
Comp beads conjugated with: CD4
530/30 (488) CD36 P Gy £58 APC OD3 ARG,

H7, CD56 V450, CD45 V500
0.00 5.00 10.00 15.00 20.00 25.00

Inter-instrument %CV >
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Current Standardization: Monitoring

Observed inter-instrument variability (%CV) depends
on the type of bead used for the monitoring

Higher inter-instrument variability (%CV) is observed
when hard-dyed beads are used for the monitoring

510/50 (405)

450/50 (405)
780/60 (633)

620/20 (633) ® Comp beads

® Fc beads
® Cyto-Cal

Data from 22aug16 (representative of
the other two monitoring replicates)

780/60 (488)

670LP (488)
585/42 (488)

Comp beads conjugated with: CD4
FITC, CD27 PE, CD20 PerCP-Cy5.5,
CD38 PE-Cy7, CD8 APC, CD3 APC-
H7, CD56 V450, CD45 V500

530/30 (488)

0.00 5.00 10.00 15.00 20.00 25.00
Inter-instrument %CV >
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New Standardization: Monitoring

Observed inter-instrument variability (%CV) depends
on the type of bead used for the monitoring

Higher inter-instrument variability (%CV) is observed
when hard-dyed beads are used for the monitoring

510/50 (405) —C______|

450/50 (405)
780/60 (633)
(

620/20 (633) B Comp beads
780/60 (488) " Fc beads
= Cyto-Cal
670LP (488)
Data from 22aug16 (representative of
585/42 (488) the other two monitoring replicates)
Comp beads conjugated with: CD4
530/30 (488) CD3% PE (o7 D8 APG. Ch3 ARG
H7, CD56 V450, CD45 V500
0.00 5.00 10.00 15.00 20.00 25.00
Inter-instrument %CV >
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New Standardization: Monitoring

Observed inter-instrument variability (%CV) depends
on the type of bead used for the monitoring

Higher inter-instrument variability (%CV) is observed
when hard-dyed beads are used for the monitoring

510/50 (405)

450/50 (405
780/60 (633

B Comp beads
® Fc beads
= Cyto-Cal

Data from 22aug16 (representative of
the other two monitoring replicates)

)
)
620/20 (633)
780/60 (488)
670LP (488)

585/42 (488)

Comp beads conjugated with: CD4
FITC, CD27 PE, CD20 PerCP-Cy5.5,
CD38 PE-Cy7, CD8 APC, CD3 APC-
H7, CD56 V450, CD45 V500

530/30 (488)

0.00 5.00 10.00 15.00 20.00 25.00
Inter-instrument %CV
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Current vs New Standardization

Inter-instrument variability (%CV) is reduced

with new Fc beads standardization

CD19 BV510
510/50 (405) Fcbead V500C
CD19 BV421 |
450/50 (409) Fcbead V450 |
CD3 APC-H7 |
780/60 (633) Fcbead APCH7 |
CD25 AIB47 ® New (Fc beads)
620/20 (633) CD8APC | standardization
Fcbead APC |
CD38 PECy7 ® Current (CS&T)
780/60 (488) Fobead PECy7 | standardization
CD20 PerCPCy5.5 | ata from 22au
67OLP (488) Fcbead PerCPCy55 i (represDert\_tafti.ve ozfth.e%lﬁe)r two
CD27PE | T
585/42 (488) Fcbead PE |
CD3 Al488
530/30 (488) CD4 FITC |
Fcbead FITC
0.00 5.00 10.00 15.00 20.00 25.00

Inter-instrument %CV

COVANCE.
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Current vs New Standardization

Inter-instrument variability (%CV) is reduced

with new Fc beads standardization

CD19 BV510
510/50 (405) Fcbead V500C
CD19 BV421
450/50 (405) Fcbead V450
CD3 APC-H7
780/60 (633) .\ eaq APCHT

CD25 Al647 ® New (Fc beads)

620/20 (633) CD8APC standardization
Fcbead APC
CD38 PECy7 W Current (CS&T)

780/60 (488)

Fcbead PECy7 standardization

CD20 PerCPCy5.5
670LP (488) rpead percreyss

Data from 22aug16
(representative of the other two
monitoring replicates)

CD27PE

585/42 (488) Ecbond PE
CD3 Al488

530/30 (488) CD4 FITC
Fcbead FITC

0.00 5.00 10.00 15.00 20.00 25.00

Inter-instrument %CV
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Reaching Utopia?

Fluorescence inter-instrument variability is reduced when
instruments are standardized with Fc beads

Following the positive outcome of the pilot study presented here,
we are currently testing this globally on our 19 FACSCanto™ Il (BD)

OUTLOOK TO THE FUTURE:

Better insight into instrument performance: best choice of
instruments globally for specific applications

Better outcome for quantitative assays in which we are reporting
fluorescence intensities

30 | Paving the Road to Utopia, 2016 c o VA/@

SOLUTIONS MADE REAL®



Reaching Utopia?

» The road to Utopia is
still long, many other
aspects of the process
are equally important to
achieve good quality
global and longitudinal
data (standardizing
data analysis, SOPs,
antibody lot-to-lot
evaluation, ...)

COVANCE.
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About Covance

Covance Inc., headquartered in Princeton, New Jersey,
United States, is the drug development business of
Laboratory Corporation of America Holdings (LabCorp).
COVANCE is a registered trademark and the marketing name
for Covance Inc. and its subsidiaries around the world.
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