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Validation-related challenges for flowcytometry

FEELING
COMPETENT
AS A RESEARCH SCIENTIST

“Flow cytometers are complex, flexible

instruments, with unique validation needs”
Green et al. 2011
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Validation-related challenges for flowcytometry

Almost no reference materials /standards available (data is not derived from a calibration curve)

Data is often qualitative and semi-quantitative:

* e.g. most populations are expressed as percentages in relation to a reference population
* Quantitive analysis is possible by the use of calibrated beads (cfr. internal standard)
in combination with the results of the cell counters

* Challenging to assess linearity and accuracy

Stability of the samples is an important parameter of variability
Difficulty in obtaining samples with variation in expression levels 2 creative thinking!
Limited sample volume available for testing

Cellular measurands = existing guidance for quantifying soluble analytes is not fully applicable
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CLSI H62 Guideline 1st edition 2021

NEW ASSAY INSTRUMENTATION DEVELOPMENT VALIDATION QA
(Chapter 3) (Chapter 4) ((UETEE)) (Chapter 6) (Chapters 2 and 7)
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Chapter 4 Instrument qualification



Get to know your instrument

More extensive

panels (12

/ fluorochromes) \

Vacuum-driven

“Instrument validation
starts with adequate
knowledge of the

fluidics and
automated loader

Acquisition Speed

ﬂﬁ == instrument and its
intended use”
Integrated Sensitivity

/

o Automated
Interchangeability
Assays en Settings Start-up/Shut-
S— down




Acceptance criteria

Based on:

1) Literature

Instrument validation:

Cytometry Part B (Clinical Cytometry) 84B:291-308 (2013)

Flow Cytometer Performance

Characterization, Standardization, Validation of Cell-based Fluorescence Assays: CLSI H62 Guideline
and Control EE:' Practice Guidelines from the ICSH and ICCS ':E:'
— Part III — Analytical Issues > Chapter 4
Shabnam Tangri, ' Illll‘;l(.‘iﬂ vall® l):lvi‘d Kaplan,® Bob Hoffman,"
Lili Wﬂﬂg and Robert A. Hoffman ) N()l‘lll‘illl Pun;i‘s» Anna l’om-'it,"‘Bcu‘I‘Il‘ms'hcrger. ) .
T. Vincent bllzlnkc}' ; on behalf of ICSH/ICCS Working Group

Method validation:

Flow Cytometry Method Validation CLSI H62 Guideline =
Protocols Chapter 6 + Appendix A

Nithianandan Selliah,! Veronica Nash,! Steven Eck,”? Cherie Green,’
Teri Oldaker,* Jennifer Stewart,” Alessandra Vitaliti,® and Virginia Litwin’-

8

Minimal requirements on:

When to validate, How to validate, How to make calculations?
Type of validation Samples, time points, replicate number, n° of
instruments, replicates, runs, operators, statistics...

and clear acceptance criteria/templates

Framework, based on H62/White papers
Protocol 3 addresses the type of validation
performed in clinical laboratories

for moderate-risk tests developed in house



Acceptance criteria

Based on:

2) Vendor specifications :

- device

- CS&T beads

- calibration beads

- reference standards (MultiCheck/Stem
cell control/ Immuno-TROL..)

3) Expert opinion

— Only as an additional criteria, or in
case no other specifications exist

- Justify the reason!

4) No acceptence criteria possible

& BD CS&T Beads

50 Tests—Catalog No. 656504
150 Tests—Catalog No. 656505

Table 2 Accuracy of cytometer setup using BD® CS&T Beads

Bright bead MFI

Parameter Target Actual % Difference
FSC 17,997 17,998 0.01
SSC 126,535 126,107 -0.34
FITC 5477 5,479 0.04
PE 12,877 12,873 -0.03
PerCP-Cy5.5 15574 15,622 0.31
PE-Cy7 11,883 11,867 -0.13
APC 41,354 41,370 0.04
APC-R700 28,455 28,486 0.11
APC-Cy7 60,190 60,386 0.33
V450 6,140 6,158 0.29
V500-C 24,6442 24,356 -0.35
BVE05 6,457 6,465 0.12
BV711 38812 39,014 0.52
BV786 75,550 75,556 0.01

-> Validation parameter is informative only (for ex. LOB)

Performance
Acquisition rate

Up to 35,000 events per second

Mo mit on number of events acguired In

a single FCS file

Carryover

<0.10% with default SIT flush
<0.05% with 3 or more SIT flushes

Sensitivity

FITC: <85 MESF
PE: <20 MESF
Channel Qr {x1,000)
FITC

FE

PerCP-Gy™5.5
PE-Cy™7

APC

BD Horzonm™ APC-R700

APC-Cy7
BD Horzor™ V450
BD Horzor™ V500
BD Horzor™ BVE0S
BD Horzor™ BV7 11
BD Horzor™ BV7 86

Fluorescence preclsion

20
133
13
17
10
a2

7
47
17
133
43
16

< 3% OV for chicdken erythrocyte nudel

(CEM)

Fluorescence linearity

2 +0.05%: for CEN

Data resolution

Uncompensated data has a range of

0262143

S5C and FSC resolution
Enables separation of 0.2-pm beads from

nolse

System throughput

Absolute count, multicolor assay example:

<50 minutes for a 40-tube rack
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Instrument validation plan

Installation Qualification Operational Qualification Performance
(1Q) (0Q) Qualification (PQ)
= Verification of correct = Verification that the svstem = Verification that the

For IVD instrument systems: the vendor dictates the 1Q, 0Q, and PQ:
“Performance monitoring for IVD instruments should be conducted

Lo according to vendor specifications using either bead-based or stabilized

el coflular control material.”

LB o) S/ H62 guideline
- Hard war ——

= wUpNMLILal PICUIDIVII

- Precision of automated loader - Carry-over

(+ extended PQ)

Certificate of conformance Checklists/Screenshots Using multi-intensity beads/cells
Part of integrated software (CS&T)



Validation Plan: example

Instrument
Validation (PQ)

Extended PQ

(~ intended use)

Method
validation

standardization

Linearity Acquisition speed  Bias Software
calculations

Dynamic Range Storage capacity Imprecision Workflow manager

(Light scatter) Light scatter Total error Automatic export

Sensitivity resolution raw data

Electric Noise Small particle Method Changes in panels
resolution comparison

Carry over Cross- Other New panels (12
instrument/lab parameters colors)




Linearity/Dynamic Range/Sensitivity

Linearity

Detectors/amps
functioning properly?

Dynamic Range

The limit within
which all data is
reproducible and

linear

Sensitivity

The ability to detect

events above

background and to
resolve dim events

Stained Advantage Disadvantage Fluorescence Examples
intensity is
assigned in...
Antibody | On the Spectrally Unstable, MESF values | Quantum 24
captured | surface matched, sensitive to (molecule of beads
equivalent soluble
beads same ex/em | buffer (PH, fluorochrome) (Bangs Lab)
properties as | salt conc)
your samples QuantiBrite
(BD)
Hard Internally, | Stable May not be MEF values Rainbow
dyed multiple fully excited L“;Si'\‘j;‘;'sff beads
beads peaks by some fluorochrome) (Sperotech)
lasers
May resolve Cyto-Cal
fewer peaks beads




Linearity/Dynamic Range/Sensitivity

National Institute of Standards and Technology (NIST): yicrospheres for Flow Cytometry fo More
» Assigns equivalent reference fluorophore (ERF) values to calibration beads oo T i bl Ao (s, Y Zhon Zhng and
» How: Fluorophore solutions of known concentration (such as Standard Reference Material (SRM)
1934; comprised of 4 reference fluorophores) AND bead suspension are measured with a
CCD-fluorescence spectrometer
» Goal: accurately quantify the number of ‘antibodies bound per cell’ (ABC)

» Advantage: standardization (H62: “they provide a common fluorescence intensity scale that is

consistent across flow cytometers with identical optical configurations”)

—->NIST has assigned calibration beads for more than 50 fluorescence channels using five different
laser colors and continues to develop additional reference fluorophores for fluorescence channels
not yet covered

Commercially available product from SpheroTech with certified ERF values with SRM 1934 certificate:
- Ultra Rainbow Quantitative Particle Kit: 6 intensities (fluorescent channels FITC/PE/APC/PacBlue)
- Supra Rainbow Quantitative Particle Kit: 4 intensities (fluorescent channels with emission ranges 425 - 810nm)



Linearity/Dynamic Range/Sensitivity

CLSI H62 Guidelines:
“A set of good-quality multi-intensity beads that includes both unstained beads and beads

with defined fluorescence intensity units is adequate for characterizing cytometer performance.”

—> Calibration curves can be obtained with multi-intensity beads with assigned
fluorescence intensity units (gain-independent fluorescence units: MEF/MESF/ERF)

would be suitable calibrators. Indeed, clinical assays that require mean fluorescence
measurements with 10% accuracy use fluorophore-specific surface-stained beads
for calibration. Hard-dyed beads can be a good standard to set up the fluorescence
scale and verify linearity and dynamic range of the instrument among a group of
study instruments. If a factor-of-2 variation in the mean fluorescence from cells can
be tolerated, hard-dyed beads can be used as a standard.



https://app.wooclap.com/events/JCCAYN/questions/65c3c601b

WOOC | dP gu est | on 2 7c¢0977e49946eb2

Which statement is correct?

* The Operational qualification provides documented evidence that the system performs
consistently over the period of time for the intended purpose

e Ultra Rainbow Particles show poorer performance in the far-red region compared to
Rainbow Particles

* The fluorescence emission of hard dyed beads may be affected by the pH, salt
concentration and other factors present in the buffer they are exposed to

 An MESF value of 1000 for the FITC channel is equivalent to the fluorescence of a
solution containing 1000 FITC molecules

* The advantage of ERF assigned beads is the traceability and standardization across
instruments with different optical configuration


https://app.wooclap.com/events/JCCAYN/questions/65c3c601b7c0977e49946eb2
https://app.wooclap.com/events/JCCAYN/questions/65c3c601b7c0977e49946eb2

Linearity/Dynamic Range: Rainbow beads

Convert into relative

Optimize voltages
Record 5000 events

channel numbers

MEF values assigned by

2 TABLE NO. 4
ok 10° MEAN CH#
5 to 256 REL. CH#
5] CONVERSION
5] 10° CH# | 256 CH#
5 887 44,78
N 24468] 112,85
=, ] 744,39] 135,68
- . | . 2069,96| 156,66
PE-A:PE-A LOGICAL 6772621 180,58
dFI 21463,39| 204,65
Me 67256,93| 228,09
179593,9] 248,24

Hard-dyed beads (3,4 uM) \/

Peak 1 =blanco,

Peak 2- 8: increasing amount of fluorochrome

Spherotech
PEAK # CH# MEPE [MEPELOG| CALC. |RESIDUAICALC. MEPE
1 44,78 1,210 16
2 112,85 409 2,612 2,627 | 0,59% 44
3 135,68 1250 3,097 3,103 | 0,18% 1266)
4 156,66 3428 3,535 3,540 | 0,13% 3464
5 180,98| 12229 4,087 4046 | 1,02% 11120,
6 204,65 34294 4,535 4539 | 0,08% 34594
7 228,09 113118 5,054 5027 | 0,53% 106431
8 248,24 256134 5,408 5447 | 0,70% 279746
Ave Residual 0,46%

Slope: 0,0208

Intercept: 0,2770

Rsq: 0,9993

MEPE Relative Values

1000000

10000

100

SPHERO CALIBRATION GRAPH
(PE Channel)

Linear relationship between
observed and expected
fluorescence signal

0 64 128 192
RELATIVE CHANNEL NUMBER

256

Technical notes STN-14 (linearity) and STN-17 (sensitivity Q en B): https://www.spherotech.com/tech.htm
Supportive templates with calculations (Rainbow + Ultra Rainbow beads): Technical Page - Templates — Spherotech

Webinar: https://youtu.be/w9iCYwUXOHk



https://www.spherotech.com/tech.htm
https://www.spherotech.com/templates.html
https://youtu.be/w9iCYwUX0Hk

Linearity/Dynamic Range: Rainbow beads

SPHERO CALIBRATION GRAPH Regression PEAK#|  cH#| mePE [MEPELOG| cALC. [ResibualcaLc. MerE| These beads allow us to judge
e E ion: 1 14,78 1,210 16| | : :
1000000 quation: : : linearity, dynamic range and
Y= ax+b 2 112,85 409 2612 | 2627 | 05% 424 detecti imult |
2 3 | 13568 1250] 3097 | 3103 | 0,18% s UELECUION SIMUTtaneously
L A= slope
. 4 156,66| 3428 3,535 | 3540 | 0,13% 3464
S = Fn c B=intercept 5 180,98| 12229 4,087 | 4046 | 1,02% 11120
5 ’ 6 204,65 34294 4535 | 4539 | 0,08% 34594
2 A 7 208,09| 113118| 5054 | 5027 | 0,53% 106431
= I 8 24824 256134 5408 | 5447 | 0,70% 279746
E Ave Residual 0,46% ;
Dynamic range
e o o R s S|0pet: g’gigz — Channel A0 A(O-Intercept)/Slope 03
e A i s ICED Channel 218 (218} Hnteroept) Slope 52
Rsq: 0,9993 Dynamic Range (log decades) ~ Channel 28- channel 0 49
Specifications
Linearity Dynamic Range Sensitivity
Average Residual <5% Leaflet Spherotech

Correlation coefficiént (R2) > 0,99%

Leaflet Spherotech

Log Amp decade

>5 Van Bockstaele et al.

a higher Q and a lower B increases the ability
to resolve a dim population from the
background noise




Sensitivity: Rainbow beads

Li%ht scatter sensitivity is often expressed as the MESF
va

ue of the smallest detectable bead or intercept PEAK # CH#| MEPE (MEPELOG| CALC. |RESIDUAL CAL? MEPE # SenSitiVity! Q 1
. ] ) 1 44,78 1,210 16| | WRONG —
WRONG: only specifies the detection threshold provides - o w0l 260 | 2607 | o5 42‘4J slope
no information about the ability to resolve dim ' ’ ' 227 ,
populations! 3 135,68  1250| 3,097 3,103 | 0,18% 1266 B — intercept
- Sensitivity should be measured in terms of Q and B 4 UG D || G5 || Gl 3464 slope
(take into account the broadness of the unstained bead 5 180,98|  12229| 4,087 4,046 | 1,02% 11120
and Corfépg reés to the MFI of a stained antibody- 6 204,65 34294 4535 | 4539 | 0,08% 34594 Hofmann and Wood 2007
captured bead) 7 2800 113118] 5054 | 5027 | 053% 106431
- Q and B can also be calculated with templates provided 8 248,24 256134| 5,408 5,447 | 0,70% 279746
by Sperotech Ave Residual | 0,46%
(Hard died beads: unstained + dim1/dim2/dim3 beads + Slope: 0,0208
Antibody-captured beads: bright bead (CV)) Intercept: 0,270
Rsq: 0,9993
Specifications
Linearity Dynamic Range Sensitivity
Average Residual <5% Leaflet Spherotech

a higher Q and a lower B increases the ability
to resolve a dim population from the
Correlation coefficiént (R2) >0,99% Leaflet Spherotech ~ LOg Amp decade  >5  vanBockstaeleetal. | background noise




Linearity/Dynamic Range: ERF Ultra Rainbow beads

Brightest peak CV
assesses optical

Example: URQP beads for Pacific Blue Channel (DAPI)

alignment
| — 1E7
./'/- i
des | Lineari ty /,/I// L 1000
Peak 1 (blank) 62 16 25.1 N/A ) /_//
=l //
Peak 2 487 32 6.5 0.524 x 105 - o digwmst
= | a') E
5 A L
Peak 3 4250 196 46 3.23x10 E # S
Peak 4 12385 520 42 .95 = 105 :
Peak 5 35 060 1472 42 383 x 105
Peak 6 88 138 3790 43 71.7 x 105
10
Plot on y-as

DAPI-A



Linearity/Dynamic Range: ERF Ultra Rainbow beads

Alternative method: Ratiometric method with URQP beads

non-linear response

4.00

100

MFI

10000

{ --&-.Bead6

{ -®-.Beads

| —m— MFiratio

- 3.50
+ 3.00
T 2.50
- 2.00
-+ 1.50
L 1.00

- 0.50

1000
350

—> Detector voltage { in 25V steps to move the brightest peak from the upper end to the lower end

450
PMT voltage

550

- 0.00
650

(s peaq/g peag) oper 4w

MFI Ratio | [[Deviation from 2.00

Voltage | Bead6é | Bead5 || (6/5) ‘r mean, %

375 5920 1715 3.45 43.70

400 9512 3947 | 2.41 0.32 o 100

425 14854 6193 2.40 —0.15 E g

450 2636 9433 2.40 -0.11 - 'E

475 33787 | 14076 | 2.40 -0.08 S= 000

500 49398 20558 2.40 0.03 ";}; E

525 71270 29647 2.40 0.07 & ;

550 | 100811 | 41922 | 2.40 0.10 € _1.00

575 140363 58405 2.40 0.04

600 191911 80070 2.40 —0.23

625 | 257771 | 108545 | 237 | -114 }/;;_

Mean (400-600 volts)| 2.40

- Measures MedFls of bead 5 and 6 and MFI ratio is plotted vs PMT Voltage
—> Both bead populations must be fully on scale for all voltages tested

- Advantage: more accurate assessment
easy to perform (no assignment of fluorescent intensity units needed), takes only a short time

1000

Excellent linearity over
dynamic range from

m 4000 to 200 000

LEeadt’:
® Bead 5
A 4

10 000 100 000
e A portion of
Bead 6 fell
OFF SCALE



Electronic Noise

The contribution of electronic noise becomes more significant at the lowest end of the measurement scale.
— Contributes to the broadening of signals in negative or very dim populations

Turn the voltage to ZERO and measure the rSD of the resulting signal
OR: measure SD, CV and MedFl of a Dim/Moderate bead when reducing the detector voltage to lower values
- The rSD will tend toward a stable number
> rSD can be determined by plotting CV2 vs 1/MdFI2 = rSD? = slope - obtain rSD= vV (rSD?)
For the best resolution of dim signals: set the voltage where CV of unstained population is
not significant broadened by the electronic noise

4

3.5

y 4 187.75x ¢ 0.05
R*=1

- 5D

SD
PMT voltage
cv?

8- Voltage

1 T T T T 100 T T
1 M 100 1000 10000 100 000 0 0.005 0.01 0.015 0.02

MdF 1/MdFP2



Carry-over

= —amn i) i o
=] s ] s ]
1= = o= 1=
I i i * 3
+
\/ \&/ \& d
Cell-rich Cell-rich Cell-rich Buffer
sample sample sample or low-
stained stained stained level
(CD45+) (CD45+) (CD45+) sample
Al A2 A3 Bl

Buffer
or low-
level
sample

B2

Buffer
or low-
level
sample

B3

Carry-over (Q%) = ((B1-B3)/(A3-B3))*100

Check whether cells from one sample can be
transferred via the device to the next sample:
how many cells are measured in the blanco?

- Determination of this parameter is
crucial for rare event determinations!

— Higher risk on carry-over with
automated sample loaders

Specifications

<0,1%
<0,05%

1 SIT flush
3 SIT flushes

Spec company

Spec company




Carry-over

When it is difficult to obtain cell-rich samples:

Alternative: beads in Trucount tubes Preventive actions in case of out-of-spec:
- Standard 3 SIT flushes between samples
BD Calibrate APC Beads mixed with PBS in BD Trucount™ Tubes - Sensitive assays (MRD, LF,..): 60”’cleaning

sample before each sample + clean sample

were collected three times containing at least 100,000 standard
port with tissue

particles each time. The carry-over contamination rates of the cy-
cles were calculated as 0.17% (blanks result: 302, 183, and 133;
beads result: 100019, 100020, and 100175), 0.13% (blanks result:
204, 320, and 74; beads result: 100188, 100166, and 1001469), and

0.14% (blanks result: 227, 91, and 83; beads result: 100145, 100186,
and 100175).

Sunetal. 2021
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Which statement is correct?

* The Ratiometric approach is more accurate than the linear fitting approach for
determining linearity as it relies on assigned fluorescence units

* The detection threshold as a measure of sensitivity, gives information about the ability to
resolve dim or rare from bright populations

* The dimmest peak of the Ultra Rainbow particle kit is used to assess optical alignment:
the smaller the CV, the better the alignment of the sample stream to the laser beam

* The contribution of electronic noise is dependent on the PMT voltage
and becomes more significant at the lowest end of the measurement scale

* To determine the carry-over, it is important to run every condition for the same amount
of time


https://app.wooclap.com/events/JCCAYN/questions/65c3c6501c3f14438923fed7
https://app.wooclap.com/events/JCCAYN/questions/65c3c6501c3f14438923fed7

Validation Plan: example

Instrument Extended PQ Method Addenda

Validation (PQ) (~ intended use) validation

Linearity Acquisition speed | Bias Software

calculations

Dynamic Range Storage capacity Imprecision Workflow manager

(Light scatter) Light scatter Total error Automatic export

Sensitivity resolution raw data

Electric Noise Small particle Method Changes in panels
resolution comparison

Carry over Cross- Other New panels (12
instrument/lab parameters colors)
standardization




At what speed can you measure with an

Acq u I S Itl O n S p e e d acceptable abort rate and free of errors?

Event rate versus % Aborted events = Cell-rich sample (bulk lysed) stained for subset panel
25 No errors —> Prepare a dilution series
20 2 — 3 replicates, 3 different speeds (low/medium/high)
£ e Same time per condition
3 A .
3 e oK - Register the abort rate
_% 10 - =
’ e INOK
5 6,5
o388
’ 0 5000 10000 15000 20000 25000 30000 35000 40000
Event rate (ev/sec)
Specifications
Abort rate at 20 000/sec < 6% Vendor specifications
Abort rate at 35 000/sec < 15% Expert opinion

35 000/sec feasible without alarms  Expert opinion




Acquisition speed

Low speed High speed

/ background
/ positive

Fluorescence Fluorescence

1ES

1E4

1E3

1E2

-1E3 o 1E3 1E4 1E5

At what speed can you measure with an acceptable
resolution?

Impact of acquisition speed on resolution can be
evaluated using the Staining Index or Resolution Index
(for ex. for the major cell population within subset analysis)

i . MFI,0s—MFlp,

Stain Index = 2228 Mfay) Resolution index (RI) = —= g

2x 5Dmeg JSDSGS+SD§ES
Specifications

Difference in staining index (SI)
between HIGH and LOW speed <10% difference ICCS/ICSH guidelines




Sto ra ge Ca p a C |tv Is there a limitation on the number of events saved

in the FCS.file? Control the effect of big data files
on the performance of the software

Cell-rich sample (CLL) stained for CLL panel Cell File 1: File 2:
Test 2 different stopping criteria (2 FCS.files)  [AAIEUERERS BE S UE Ll 8

. . t t
Is there a delay when adjusting gates? Sent ek

Bcells  EeERL 98.6% 0.04%
Analysis preferable done in external software  [diE2 BT 97.6% 98.1% 0.5%
on a workstation with sufficient RAM lymfocytes)

CLL+ cells (on EE¥37 94.4% 6.7%
WBC)

Specifications
%bias <10%
Comparable results between 1 x 106 Same clinical
and 10 x 106 events interpretation Expert opinion
Without blockage
Analysis of data file No limits of events Vendor specifications (BD)




|_| g ht Scatte I 1eso | Utl on Based on FSC and SSC, is there a clear separation

between the cell populations?

Recommended to verify with cells of interest instead of beads
As light scatter is affected by:
- Size: controllable
- refractive index: > RI of polymer beads is higher then Rl of cells
> even silica beads are not analogue
> different devices measure different angles of scatter
> cells are not homogeneous (Rl of nucleus # cytoplasma)

Newer materials (HYDROGELS) are being produced as light-scatter standards

(A) (B)

(L]
250

Specifications

Clear separation between platelets
and red blood cells, and between

. LT R Iymfocytgs, monocytes and Du et al.
= neutrophils un et al. 2021

1 2 3 4 S 50 ] i50 200
10 10 10 10 10
0 FEC-A FSC-A 11,000

1.000)

200

S8C-A
of o
.-I. “;
SSC-A
S0




Small particles

FACSLyric™  Rainbow Aurora'™

/ beads
SCISSC Violet

All Events
e —

T %]
250 S i
200 E °
<L ]
o, 150 W "
wi
1 100 Z.
L - Y
50 . '
= ] T
o Q-
- ., D 50 100 150 200 250 W
] ¥1000 0, .
e FSC-A
0 1E6 2E6 3E6 JE6
FSC-A LINEAR
FE/SSC-B
Mz § All Events - QI e —
40 ' Qu
ol 1,32uM
1 3
30
- R S - -
AR S 0,79 uM T~
Py T ) .
15 1 L ﬂ: o
; iZoeo -l .| debris g a
) 0 A . 0 1E3  1ES

PE-A PE-A LOGICAL

What is the smallest size of particles that can still
be measured with an acceptable resolution?

Capacity to discriminate small particles from
background

SPHERO™ Flow Cytometry Nano
Fluorescent Size Standard Kit (4 diameters)

Other options: Apogee beads
BioCytex Megamix-Plux
Optimize TRESHOLD and VOLTAGES/GAINS

Distinguish beads up to a size of 0,25 uM

Specifications

Erdbrugger et al.




Can you obtain the same

Cross-instrument standardisation |exeerimental result regardess

of where, when and by whom
the sample is analysed?

* To ensure consistency

* The sensitivity of the instruments must be as close as possible

* With spectrally matched (antibody-binding) beads OR cells of interest:
equivalent intensity values (MESF or MedFl) should be obtained by

adjusting voltages

* After cross-standardisation monitor each cytometer daily with hard dyed beads
(CS&T)!

Specifications

Similar MedFl +/- 7% on all
Moderate- to high intensity beads instruments CLSI HB2
. Similar.d.ot pIoFs with +/- 15% CLS| HED
Cells of interest for positive staining




WooClap excercise 4

Cytometer 1

PE: 50 mW, 488 nm
APC: 18 mW, 640 nm

E e =
=557 ek e NELBREELE L B R B L

0 1 1w 10
- 206 FITC-A

e

Cytometer 2

PE: 50 mW, 488 nm
APC: 1B mW, 633 nm

1

T

0 100 1 10
-206 FATC-A

"

https://app.wooclap.com/events/JCCAYN/questions/65c3c6a9b

7c0977e49949feb

Cytometer 3

PE: 50 mW, 561 nm
APC: 50 mW, 640 nm

L

-
o

—
5

} Yellow-Green PE-A
=
= [~}
AR NIRRT BN

557 i | e DL R LR R R
01w bl 10 1
-208 ATCA



https://app.wooclap.com/events/JCCAYN/questions/65c3c6a9b7c0977e49949feb
https://app.wooclap.com/events/JCCAYN/questions/65c3c6a9b7c0977e49949feb

Validation Plan: example

Instrument Extended PQ Method Addenda
Validation (PQ) (~ intended use) validation

Linearity Crossinstrument Bias Software
standardization calculations

Dynamic Range Acquisition speed’  Imprecision Workflow manager

(Light scatter) Storage capacity Total error Automatic export

Sensitivity raw data

Electric Noise Light scatter Method Changes in panels
resolution comparison

Carry over Small particle Other New panels (12
resolution parameters colors)




Fit-for-purpose approach

[Menregulated

Basic research

|Movel assay

FFP validation type 1

“”A validation strategy appropriate for
the intended use should be applied”

CLSI H62

Table 22: lists all validation scenario’s

+ Appendix A: minimal requirements and criteria

Monregulated Drug discovery Movel assay FFP validation type 1

|Nnnre~gulaled Exploratory end points in |Novel assay FFP validation type 1
clinical trials

Monregulated Secondary end points in  |Novel assay FFP validation type 2

(GCLP recommended) [clinical trials

|Medical laboratory Patient care andfor VD erification®

(CAP, CLIA, or IS0

treatment

|Medical laboratory
(CAP, CLIA, or ISO*)

Patient care andfor
treatment

Qualitative LDT assay

CLIAMMDRF qualitative
validation

v

|Medical laboratory
(CAP, CLIA, or 1ISO*)

Patient care andfor
treatment

Quantitative LDT assay

CLIAMIMDRF quantitative
validation

|Medical laboratory
(CAP, CLIA, or ISO*)

Patient care andfor
treatment

Laboratory-initiated
assay revision

Laboratory-initiated assay
revision validation

v

/

GLP, GCLP®

Primary end point in
clinical development

Movel assay

Analytical validation type\‘l\

Manufacturing (GMF,
15054)

Regulatory submission
for new diagnostic test

MNovel assay

Analytical validation type 2

Manufacturing (GMP,
15054)

CDx

MNovel assay

Analytical validation type 2

CE-IVD assays: verify precision/stability/reference

intervals, NO LOB/LOD/LLOQ!

Qualitative LDT assays: comparison with a

confirmed diagnosis or comparative method
(clinical validation), calculate concordance!,
determine also carry-over

Quantitative LDT assays: also LOB/LOD/LLOQ!

Most validation parameters for this scenario

Revision: changes afterwards in reagents, moabs

clones..




Bias/Imprecision/Total error

\ 4

Bias

Imprecision

Total Error

Degree of agreement
between the
measured data and
the reference values

Within-run imprecision: | Between-run imprecision:

Repeatability of Samples tested on
samples on same day, different moments
under same conditions

Determines the
uncertainty of the
measured values

Inter-operator variability:
Evaluates the preanalytic
steps

Test with certified reference material




Bias/Imprecision/Total error

Phenotype % Total Lymphocytes (Range) § Absolute Number/pl, (Range) Population thin- - H HH H - H il

i T mis TR Population Within-run/Between-run imprecisie + inter-operator variability (SUBSETS)

CD3*CD4* 469 (404-534) 7499 (599.9--899.9) Day DAY1 DAY2 DAY3

CD3'CD8* 236 (16.6-30.6) 3774 (272.1-482.6) Sample type

CD19' 138 (98-178) 207 (152.7-2886) e ] ; .

CDA/CDI6ICDS6" 114 (44-1384) 1823 (966-268.0) specification. Multicheck Multicheck Multicheck

CD3 HLADR' 61 (3.1-91) "~ NA Timepoint VM MIDDAG NM VM MIDDAG NM VM MIDDAG NM

CDASYCDL4 950 (95.0-100.0) NA Operator 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
Replicate 1 (%)

Replicate 2 (%)
Replicate 3 (%)

LG ={= 10} L\.l T
replicates)
50 {over

replicates)
Calculate the % OV (over

MEAN over all %[
. Satisfy criteria
davS/repllcates <10%

<25% '
(below 5%)

Bias = (MEAN - target)/target S

Mean %V ANOVA

(all samples)

CV = (SD/MEan)*l()O Satisfy criteria? | |

Specifications Total error = bias + 1.65 x between-run CV

Bias Imprecision Total Error
<10% (T and NK)
MultiCheck control <15% (B) Omana-Zapata %CV<10%
%CV<25% Selliah et al.
Stem Cell Control <15% (for % and abs) Expert opinion Imprecision %CV<35%
Range company Comply with range  Specs BD Inter-operator  Similar %CV  selliah et al. Acceptable error <25% Expert opinion




Method comparison (accuracy)

e Optimally 30 samples (spread over entire measuring range)
* Passing bablok regression

| vergelijkin
. C D3 + T_ C el Is gelijking

T-cells 1.2996 -3.1895 0.9859 0.9196
- 1 299601 + 0.9858 t0 6.1047 to 1.0442 dlfference
New method | o0 o
¥ 70k Contains 0 Contains 1
7 - no systematic error - No proportional error
o T
> 60}
50
40 - L] L ] L ]
e Specifications
30 '1 . /l N IR IR NN R R . . S
0 0 & 70 8 90 100 The intercept  should not differ significantly from 0
Canto The slope should not differ significantly from 1  Omana-Zapata

Old method



(Lyric_140 - Canto) / Canto %

15}

-20 ml L 1 L 1 L 1 L 1 L 1 L 1 L 1

Method comparison (accuracy)

* Bland-Altman analysis

=graphical method in which the differences between the two techniques are plotted
against the averages of the two techniques.

Horizontal lines are drawn at the mean difference, and at the limits of agreement (which
are defined as the mean difference +1.96 times the standard deviation of the differences)

Usefull method:

10 |-

+1.96 SD
°T "o, 6.0 - To look for relationship between the
°© 2 oo, &° . .
o E— T differences and the magnitude of measurements
5| o 196SD - To illustrate systematic bias
o) 7 - To identify outliers

Specifications

30 40 50 60 70 80 90 100 <20%
Canto <25% (below 5%)
Mean %bias <35% (below 1%) Selliah et al.




Method comparison (accuracy)

Semi-quantitative assays

Qualitative assays

Percentage blasts m Lyric 140 | Lyric 142 % Bias Lyric 140 | % Bias Lyric 142

~ Sample 1 PB 56.48 52.55  7.5% 7.6%
"1 sample 2 BM 15 14.79 13.66  9.8% 8.3%
WIELZATERY 8.6% 8.0%

WEES Lyric142  Cantolll Lyric 140  Lyric 142 Cantolll Lyric 140  Lyric 142 Cantolll
neg neg neg neg neg neg neg neg
CD7 neg var neg neg neg var var var
neg neg weak pos  weak pos pos neg neg neg

Specifications

Semi-quantitative <35% (below 1%) Selliah et al.

results

%Bias <20%
<25% (below 5%)

No impact on clinical interpretation Expert opinion

Qualitative assays >95% concordance between results CLSI H62/CLSI EP12

Same expression pattern

No impact on clinical interpretation Omana-Zapata




Measures the robustness of the test for older
samples (antigen expression and viability may

Ot h e r Va | | C at | O n p a ra m ete rS change over time during sample storage)

Specimen Stability

o
o

Processed Sample Stability

i i I ii
=/ =/ =/ =/

Stain Stain
immediately after

(<2h after 24h Same

collection)

Stain all tubes
immediately
For the panel of
interest

Test on min. 3 samples (when
possible also disease-state

samples) with enough volume E/

(qualitative assays: min. 5 l/

samples) || —
(o)

BASELINE

Stain Acquire Acquire Acquire Acquire
immediately after 24h after 48h after 72h
BASELINE
Specifications
Quantitative data %Bias from baseline <20% Selliah et al.

Qualitative data

%CV between 3 replicates <30%
>80% of the samples are within interassay precision (CV%)
And/or are within 20% change of baseline (% change) CLSI H62

Same interpretation as baseline for 4 out of 5 tested samples (concordance) Selliah et al.




Other method validation parameters

* LOB/LOD

— Blanco samples (repeated measurement o f 10 samples)

LOB = Mean + 1,65 SD

= LLOD in clinical setting: 5 negative + low-positive samples (clinical setting)
- Samples: preblock with non-labeled moab, HD samples, Pathological control (post-treatment BM),
depletion with beads

Pre/non-clinical setting:
less recommended: FMO/FMX LLOD = LOB + 1,65 SD (estimation)

e LLOQ Clinical setting:
LLOD obtained from 5 neg+ 5 low-positive samples (empirically)
Qualitative assays: create an LLOD sample by spiking

- Important for rare event analysis

— 3 donors, 5 different levels per donor

OR min. 5 clinical samples near the LLOQ SpeCIflcatlonS
QSampIes: dilutions series after admiXing; LOB: blank replicates (10x) no more than 5% of the blank replicates > LOB CLSI H62
non-labeled moab and admixing, 95% of low levels of measurz.and will be > LoB
no more than 5% of the replicates < target LLoD
partial depletion with beads LLOD: samples with low levels Qualitative assays: see 6.1.3.1.2 for specs LLOD  CLSI H62
] CV between 1-20% (table 13)
less recommended: cell lines Linearity: R? as close to 1 as possible

LLOQ: dilution series N/A for qualitative assays (no LLOQ/linearity)  CLSI H62



. https://app.wooclap.com/events/JCCAYN/questions/65¢c3c765b
Wooclap question 5 e

Which statement is correct?

* Method validation of an CE-IVD approved assay requires verification of the
precision, sensitivity, stability and reference interval ranges

e To assess inter-operator variability, it is important that every operator works
separately from the start (split the sample) to be able to evaluate the pre-
analytic phase

* The total error can be calculated based on Bias and within-run imprecision
* Between-day intermediate precision can only be assessed with biological samples

* If the confidence interval (obtained with Passing Bablok regression) for the
intercept does not contain the value 0 we will confirm a proportional error


https://app.wooclap.com/events/JCCAYN/questions/65c3c765b133df538880e205
https://app.wooclap.com/events/JCCAYN/questions/65c3c765b133df538880e205

Validation Plan: example

Instrument Extended PQ Method Addenda
Validation (PQ) (~ intended use) validation

Linearity Acquisition speed  Bias Software
calculations

Dynamic Range Storage capacity Imprecision Workflow manager

(Light scatter) Light scatter Total error Automatic export

Sensitivity resolution raw data

Electric Noise Small particle Method Changes in panels
resolution comparison

Carry over Cross- Other New panels
instrument/lab parameters (12 colors)
standardization




Software calculations

Expressions : program a mathematical formula

Expression Froperbiss b
bxpression (LS Expression range : test againt a reference interval
lame  Expression 1
S Conditional expressions (FAIL/PASS) possible
Automatic calculation based on statistics/keywords
Validate every calculation on at least 5 samples:
w  Achanced Search
sy —>compare manual calculation with software calculation
CD4/CD8 ratio: 1.7 Lower boundary: 1.00 Higher boundary: 3.60
CD4/CD8 ratio within reference range? PASS
kappa/lambda ratio: 1.9 Lower boundary: 0.60 Higher boundary: 2.30 SpeCIflcatlonS
Software calulcations (expressions)
- o must correspond to the manual
Kappa/Lambda ratio within reference range? PASS . .
calculation Up to 2 decimals  BD specifications




Workflowmanager

Middelware; works BI-DIRECTIONALLY with the LIS:

I_ Sample information (REQUESTS) from LIS = Lyric
- RESULTS from Lyric = LIS
Standalone
Workstation = automated data transfer
SCAN BARCODE + Reduces workload
as Sample ID
ERE UESTS + Reduces manual intervention in patiént data handling
@ BD
H =) Instrument 4 I . + Encrypted data!
BD FA.': 5114 Eﬂ-l’l‘lpl.ltEl IJ . .
Workflow Manager <z —— Only for assays acquired on worklist level (CD34, subset,..)
workstation re
RESULIS e Validate 10 to 30 samples per assay
t @ (Send data to WFM)
_ Specifications
Correct patiént information is Same name/
LIS drawn into WFM and FACS Suite™ Sample ID BD specifications

Correct data transfer to WFM/LIS Up to 2 decimals 8D specifications




Automatic export raw data

Experiment Level Work“it Level We developed an efficient workflow
Automatic On worklist level: by Approvin
Manual export Approve | export Y APP 5
/ l \* —>The corresponding FCS/ERP/PDF is automatically
FCS file ERP file PDF | | Results exported to the correct folder on the server
(raw data) (gated data) report
ﬂ ﬂ ﬂ § On experiment level: still manual export
Saved in Saved per Saved for | = WFM for Web application was developed to retrieve fcs.files
dump folder date review eview . . .. ™ e TM
@ I N easily for further analysis (Infinicyt™/Suite™)
WEB LIS
INTERFACE
(search
engine)
h 4

Infinicyt™ FACSSuite™



Automatic export raw data

All files of a specific patient can be found?

| Dichtklappen |
Zoeken op meerdere velden ‘—| All fcs.files can be retreived? Export exact number of fcs.files and check.
TubeName S?:F'igﬂ S All fcs.files acquired on a specific date can be retreived?
(Naam van de SampleName + eventueel - (search with data filters)
tube/assay) (Maam van het sample) staalnummer) oestel

FCS.files can be downloaded and heavy files can be downloaded within an
accaptable timeframe and without errors (MM-MRD)
TubelD Zoek alle velden

Kies een toes ~

Acquisition Van Acquisition Tot et een FCS.files can easily be imported in external software (FACSSuite™ and
B B e | Infinicyt™)

(Staalnummer)

Try to search files by testing out each filter separate and in combination

AND-function generates more files than OF-function?

Check if the application still works when it contains many files

Secured screen in LabPortal that allows us to All fcs.files linked to the same sample ID can be found?

search and download FCS.files efficiently
Advanced filters also available: specific search Specifications ‘

Possible to retrieve FCS. files
based on every possible
Webapplication combination of filters

Several validation runs (test phase > production)

Automatic export of data files Saved in correct folders
(fcs./ERP/PDF)




Changes in panels

Old TCLPD panel

M T-lymfocyten

T

T

CDT _APC RT00-A
o g,

=B

0 100 : 10 104
CD3 _PerCP Cy5-5-A

o

M CD4+
. CD7-C26+ UR

e, T

CD26 PE-A
=

d 1w o w0 o
S

CD7 _APC R700-A

APC | APC-R700

CD2 | CD7

(8]

New TCLPD panel

M T-lymfocyten

CD7 _APC-A

'|:|' 0 17 0w WS

CD3 _PerCP Cy5-5-A

M CDa+
1. CO7-CD26+

a

CD26 _PE-A

ol COBEDLE-F*HRET

0 10 1wt [
CD7 _APC-A

APC | R718

CD7 | CD2

UR
‘ : » Better resolution
LR

Expression pattern of abberant populations was
compared between the old and new panel on 10
samples

—>CD7 in APC-R700: too weak
—>Change CD2 and CD7
- Check for an increase in staining index

(on min. 3 samples)

Specifications

Staining index is
increased

Positive impact of change in panel on resolution




New/extended panels

We added an extra T cell clonality marker in our

LST panel (JOVI-1 in BV786)

LST panel Extended LST , , , ,
S< . Investigate the impact on the interpretation of the
(8-color) panel with : :
lymfocyte subpopulations by testing NORMAL and
JOVI-1 ABNORMAL samples
(9-color)
Specifications
Method comparison
100 . Passing-Bablock No systematic and proportional
of differences
S0 Bland-Altmann %bias <20%
é 50:- o Range based on minimum-
s oge a Establish reference values for JOVI-1 on CD4+ maximum and 95% Cl
g 4o o -.': and CD8+ T cells and compare with literature  Literature cut-off: <15 and >85%
2l - . Comparison with TCR gene
ok o rearrangement technique
o , , : Check klonality of
normal_CD4_cells normal_CD8_cells aberrant_T_cells Check accuracy HEALTHY/ABBERANT Samples
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