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DIAGNOSTICS IN HEMATO-ONCOLOGY

1. Making the diagnosis
Normal <> reactive/regenerating <> malignant

Annually > 300,000 new patients with a hematological malignancy in
developed countries

2. Classification of hematopoietic malignancies
- relation with prognosis
- relevance of risk-group definition in treatment protocols
Based on differentiation characteristics and particularly on

=p chromosome aberrations, resulting in fusion gene transcripts or
aberrantly (over) expressed genes

3. Evaluation of treatment effectiveness
Detection of minimal residual disease (MRD):
MRD-based risk-group stratification (treatment reduction or
treatment intensification)

Annually > 400,000 follow-up samples in leukemia patients (ALL,
AML, CML)
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APPLICATIONS OF FLOW CYTOMETRY

Flow cytometry: where can it be applied?

Hybridoma technology

Monoclonal antibodies
Fluorochrome-conjugates

. i — ;
From research laboratories | |y}
to clinical diagnostics
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STORAGE & DISPLAY OF MULTIPARAMETER
FLOW CYTOMETRY DATA

Single parameter storage
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STORAGE & DISPLAY OF MULTIPARAMETER
FLOW CYTOMETRY DATA

Single parameter storage List mode data storage
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IMMUNOPHENOTYPIC CHARACTERIZATION
OF CELL POPULATIONS
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Crespo et al, N Engl J Med, 2003

BOOLEAN GATING STRATEGY

Prepared by A.Salvador

FLOW CYTOMETRY:
TYPE OF INFORMATION

- Identification of cell populations
- Enumeration of cell numbers

- Characterization of cell populations
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IMMUNOPHENOTYPIC FEATURES OF

NEOPLASTIC CELLS
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MDS: COEXISTENCE OF NORMAL & HYPOGRANULAR Immunophenotypic Myeloid Abnormalities in MDS
MATURING NEUTROPHILS

o
-
=
=)
w
-

Normal

CD13-PE

50000

1E3 1EA 1EE

CD11b-FITC

ooz @

1EZ 1E4 1ES5

SsC

coib M

Stetler-Stevenson M_et al, Blood 2001:98:979-987

Examples of various myeloid and monocytic MICROSCOPE VS FCM COL RFUL IMAGES
aberrant antigenic patterns in MDS s

0w o

CD11b PE

mpatible g S
ith MDS CD15 FITC

Wells, D. A. et al.
Blood 2003;102:394-403

oF b 10 oTT oI o
CD7 EITC CDZ EITC




MICROSCOPE VS FCM COL RFUL IMAGES WHICH PROBLEMS ARE WE FACING ?

- Many reagents: costly and complex panels

- Need expertise in normal (reference) cell populations
- Time consuming

- Technical limitations

- Many (my) suboptimal strategies to reach a similar
result

- Not standardized: reproducibly harmonized?

- Partial and more limited clinical utility than expected

T CD4+-T-cells

IMMUNOPHENOTYPIC CHARACTERISTICS OF ../ REQUIRED DEVELOPMENTS IN FLOW CYTOMETRY
NORMAL vs LEUKEMIC B-CELLS (status in 2005)
- — Immunobeads
cD19+ ° = - inftroduce combined cellular/immunobead assays
B-CELLS 8- COLOR flow cytometry: Bep-ALL - special immunobead for leukemias
EuroFlow panel (450 bivariate plots)
p p [ Novel antibodies
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AR
w® wies

stainings
- development of new antibodies against oncoproteins and aberrant

wowly el

wle e signalling pathways
ki e Multicolor flow cytometry: 28 color comprehensive panels
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i = "y : . - compare conjugated antibodies (multiple companies)
N g Development of novel software for complex pattern recognition
. 4.0, g - combining multiple tubes: calculate data & multivariate analyses
co19-pEcy7 e L e - mapping of diagnosis and follow-up leukemia samples against
e templates of reference "normal/control” samples
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FLOW CYTOMETRY IMMUNOPHENOTYPING APPROACH INCREASING DISCRIMINATION POWER
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AUTOMATED SEPARATION AMONG DIFFERENT
CELL POPULATIONS (APS view)

APS VIEW 1

FCM DATA OVERLAYED ON REFERENCE
IMAGES
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FLOW CYTOMETRY IMMUNOPHENOTYPING APPROACH
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EuroFlow

HOW TO SIMPLIFY DATA ANALYSIS

- Construct reference data files for normal and pathologic
cell populations (e.g.: per disease category)

- Multi-n-dimensional comparison of normal vs pathologic
cell populaﬁons (e.g.: at diagnosis and follow-up):

- Automated PCA-guided approach for homogeneous cell
populations (e.g. Blood lymphocyte subsets)

- Maturation tools for heterogeneous cell populations (e.g.
Maturing BM B-cell precursors)

MERGED DATA FILES FOR SINGLE STEP GATING

Full phenotypic profile
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FLOW CYTOMETRY IMMUNOPHENOTYPING APPROACH

¥

Sample preparation &
staining of multiple aliquots
9 * P 9! New

Conventional

— approach approach —
Data acquisition
Le+*" | _for each tube N
- EEE

A4

Operator-dependent, identification,
selection & characterization of
cell populations of interest

g
e,
“+4 | Interpretation
of the results «

.,

SSC RatghtrSSCH Exp-55C Low

IN THE INFINICYT™ SOFTWARE

DATA CALCULATION

L/
Tube 1 ’ Tube 2
/ Event Y: Nearest neighbour
Event Xin tube 1 / 4‘5 of event X in tube 2
N

Calculated FMC7 value for event
Xintube 1 (based on data from
event Y in tube 2)

D22 FITC:FLI-H LOGARITHMIC

MERGED AND CALCULATED DATA FILE

o4 ParcP 055
piistinin:

<oy
r,
0

|Imposible phenotypic profile | .

1E4 168

183

€D10:pE- LoGICAL

DATA IN A MERGED DATA FILE

=

@\mﬁmcyt

CD61-FITC
CD33-PE

cb71-FITC
Glyphorin-PE

MERGED & CALCULATED LISTMODE DATA FILE

Files

ParametersiFile

I

KAPPAIFITC-A

Lar p
<o 6 Files x

% 10 parameters x
% 100.000 events

(CDas-roAme Y
D105 FITC
CDio:PE-A
CD43:0PC-A \.
CDE1LFITC-A
CoranFF-A

1 File x

ol
coe
e 25 parameters x

oz
Cas 600.000 events
CoiiaiAPC-A

DS FITC-A

CDzs:PE-A

D138 PerCP-Cy5-5-A

Parameter
coding

C = Common
= Measured
E = Calculated

Parameters

m|m| m|m|m|mm|m|m|m|mmA| A mA | m mm|n e

CALCULATED VS MEASURED DATA

Real data g itk antibodies s
) h ¢ d
FMC7-FITC

Cutcutatea aat (Originally impossible -dimensional dot-plot representations)

FIGURE 4

Measured

cD11c-APC
d11c-APC
cDa3-APC

Calculated

d11c-APC
cp43-arc

cp5-APC CD20-APC cDa3-FITC

T €2 1E3 1E4 1ES
IgKePE-A LOGICAL

Rear acta (g antibodies

SIgk-APC

Measured

cb79b-APC

1
SIgk-APC

Culculated data (Originally impossible 2-dimensional dot-plot representations)

Calculated

Pedreira et al,
Cytometry A,
2008




FLOW CYTOMETRY IMMUNOPHENOTYPING APPROACH
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cell populations of interest

Characterization markers:
LAIR1(CD305)

MCL MZL

Responsible scientist: Sebastian Bottcher Flow

Characterization markers:
cD10

Responsible scientist: Sebastian Bottcher Flow

REFERENCE DATAFILES FOR CLL B-CELLS
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Characterization markers:
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Responsible scientist: Sebastian Bottcher Flow

B-CLPD panel: clinical utility

Responsible scientist: Sebastian Bottcher Flow




B-CLPD panel: clinical utility

1 sIgM 14.02
2 €D200 13.76
3 CD7% 11.94
4 CD23 8.57
5 €D38 7.73

B-CLPD: Comparative analysis of “our case”
vs multiple reference groups

Responsible scientist: Sebastian Bottcher EuroFlow

&

Responsible scientists: Sebastian Bottcher

Costa et al, Leukemia, 2010

EuroFlow

HOW TO SIMPLIFY MRD STRATEGIES

- Improve the design of MRD panels for a greater
efficiency and higher reproducibility.

- Construct reference data files for normal and neoplastic
cells (e.g.: per disease category)

- Multi-n-dimensional comparison of normal vs neoplastic
cell POPUlcﬂOHS (e.g.: at diagnosis and follow-up):

- Automated PCA-guided approach for homogeneous cell
populations (e.g. lymphoid)

- Maturation tools for heterogeneous cell populations (e.g.
myeloid)

CONSTRUCTION OF EuroFlow MRD PANELS: MM
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Aim of Euroflow MRD approach for B-CLPD

- To find a marker combination to discriminate all
neoplastic B-cells in every B-CLPD case vs all
normal/reactive PB and BM mature B-cells/hematogones

NOT an individualized approach per patient

the approach should work without knowledge of the exact
initial immunophenotype

Rars

REFERENCE DATAFILES: NORMAL vs. TUMOR B-CELLS
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COMPARE A CASE VS NORMAL & NEOPLASTIC.
B-CELLS
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REFERENCE DATA FILES
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DIAGNOSTIC SAMPLES
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DIAGNOSTIC SAMPLES MRD SAMPLES
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UTILITY OF THE NEW SOFTWARE TOOLS
Standardization of FCM immunophenotyping

Results of standardized experiments

EuroFlow Panel for Plasma Cell Disorders:
Can we identify the center?

Normal BM PC from 24 samples from different centres,
acquired over a one year period.

g

EuroFlow]

* How to get optimal and
comparable measurements?
* Which are the most
appropriate fluorochromes?
* What is the optimal sample

preparation protocol?

REPRODUCIBLE & OBJECTIVE RESULTSl

EuroFlow]

EuroFlow

EuroFlow participants

University Institutes / Medical Schools

Erasmus MC, Rotterdam, NL J.J.M. van Dongen, V.H.J. van der Velden...
USAL, Salamanca, ES A. Orfao, J. Flores, J. Aimeida, Q. Lecrevisse...
IMM, Lisbon, PT P. Lucio, A. Mendonga, A. Parreira a.o...
UNIKIEL, Kiel, DE M. Kneba, S. Béttcher, M. Ritgen, M. Briiggemann ...
AP-HP, Paris, FR E. Macintyre, L. Lhermitte, V. Asnafi ...
UNIVLEEDS, Leeds, GB S. Richards, A.C. Rawstron. P. Evans ...
DPH/O, Prague, CZ O. Hrusak, T. Kalina, E. Mesjstrikova ...

SAM, Zabrze, PL T. Szczepanski, L. Sedek ...

DCOG, The Hague, NL E. Sonneveld, A. van der Sluijs-Gelling ...

KUL, Leuven, BE N. Boeckx ...

HGSA, Porto, PT M. Lima, AH Santos

UFRJ, Rio de Janeiro, BR C. Pedreira, E.S. Costa

Companies (SME’s)
DYNOMICS, Rotterdam, NL  E. Dekking, F. Weerkamp ...

CYTOGNOS, Salamanca, ES M. Martin, J. Bensadon, J. Hernandez, M. Mufioz ...
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