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Clinical Diagnostic Cytometry Course

AN  OVERVIEW  ON  CLINICAL  FLOW CYTOMETRY

ESCCA 2017 Conference

Hydrodynamic Flow Cytometry Confocal Microscopy

HCA Automated Bioimaging

Multispectral

Image-in-flow Cytometry

Acoustic Flow Cytometry

FROM  CYTOLOGY  TO  CYTOMICS:  TECHNOLOGY

Spectral Flow

Cytometry

Mass Spectrometry

Cytometry

Multicolor Flow Cytometry:  Strong Points

• Multiparametric Analysis with Full Cross-Correlation of Findings.

• Biological Markers of Different Meaning are Analyzed Simultaneously.

• Data From a Very Large Number of Cells Can Be Collected in a Short Time.

• Robust and Reliable Statistical Representation of Rare Events.

• Cells Are Examined in Their Original Milieu with Minimal Manipulation.

• Objective, Operator-Independent Measurement of Cell Parameters.

• High Level of Standardization and External Quality Assessment schemes.

Multicolor Flow Cytometry:  Weak Points

• Monodispersed Cell Suspensions: Tissue Architecture Is Lost.

• The Cell Compartment That Generates the Signal Cannot Be Located.

• Some Cellular Markers that Work in Histochemistry Don’t Work in Flow.

• Fluorescence Background and Signal Resolution With Some Cell Markers.

• “Just One Cell” is Not Enough for Data Interpretation.

Immunohistochemistry:
One Cellular Marker at a Time.

• Cell Denominator Difficult to Enumerate
• Limited Statistical Robustness of Data
• Difficult correlation between markers
• Subjective, Operator-Dependent Analysis

Multicolor Flow Cytometry:
As Many Markers as You May Want.

• Cell Denominator Precise
• Very High Statistical Robustness of Data
• Full cross-correlation among markers
• Objective, Operator-Independent Analysis

The Optical System

mailto:bruno.brando@asst-ovestmi.it
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Preffer F & Dombkowski D.
Cytometry Part B 2009;
76B: 295 – 314.

7-Laser
25-Color
Configuration

The Availability of the 405nm (Violet) Laser Has Extended the Spectrum of Excitable Fluorochromes.

488 vs 405nm SSC Discriminates Red and White Blood Cells With a NO-YSE Technique.

• Diagrams  are from the  ATTUNE™  Acoustic Cytometer.

• 405 nm SSC can be implemented in new generation cytometers with a simple filter set.

Preffer F & Dombkowski D.
Cytometry Part B 2009;
76B: 295 – 314.

60+ Different 

Fluorochromes

Available Today

Relative Brightness of Fluorochromes 
Ranking of Fluorochromes by the 
Resolution Index

Resolution Index (Z) of various fluorochromes calculated 
from the staining of human PBMCs with anti-CD4 clone 
RPA-T4 on a BD FACSCanto™ II

http://www.bdbiosciences.com/documents/Multicolor_Fluorochrome_Guide.pdf

D
IM

M
O

D
E

R
A

T
E

B
R

IG
H

T
V

E
R

Y
 B

R
IG

H
T

Resolution
Index
(Z)

=
Xi - Xo

Sdi   + Sdo
2           2

Negative            Positive

Xi

Xo

Sdi
Sdo

Medians

Mahnke YD. Eur J Immunol 2013; 43: 2797-2809

Summary of  CD4+ and  CD8+ T Cell  average subset
distribution and their cytokine profiles in healthy adults 

CD4+ T Cells CD8+ T Cells

Over 250 different functional subsets can be identified within the T Cell compartment

CD3
CD4
CD7
CD8
CD27
CD28
CD31
CD45RA
CD45RO
CD62L
CD95
CCR7
TNF-a
IL-2
IFN-g

Why do we need
so many colors? B Cell Ontogeny and B Cell Functional Subsets Transitional B Cells

CD1d
CD5
CD19
CD21
CD23
CD24
CD93
IgMRegulatory  B Cells

Unraveling the Complexity 
of B Cell Maturation and 
of the Development of 
B Cell Functional Subsets

CD19
CD20
CD27
CD28
CD38
CD56
CD81
CD117
CD138
K / l

Normal and
Abnormal
Plasmacells

Why do we need
so many colors?

http://www.bdbiosciences.com/documents/Multicolor_Fluorochrome_Guide.pdf
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Why do we need
so many colors?

Autissier P 
Cytometry Part A 2010;
77A: 410-419.

A 12-Color Panel to

enumerate Dendritic Cell 

Subsets, Monocyte and

Lymphocyte Populations

APC CD1c

Alexa700 CD3

AmCyan CD4

QDot655 CD8

PE-Cy5 CD11c

PacB CD14

FITC CD16

APC-Cy7 CD20

ECD CD34

PerCP-Cy5.5 CD123

PE CD141

APC-Cy7 HLADR

Why do we need
so many colors?

Detection of
Dendritic Cell
Subsets
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ILC1 CD56

SS
-A

NKp46

ILC3
NCR-

ILC3
NCR+

CD3 IFN-g
CD4 TNF-a
CD8 IL-4
CD14 IL-5
CD15 IL-17
CD16 IL-22
CD19
CD20
CD33
CD34
CD56
CD127
CD203c
FceRI
CRTH2
NKp46

ILC1
TNF-a
IFN-g

T-bet

ILC2

Areg

IL-4
IL-5

IL-9
IL-13

GATA3

GM-CSF

ILC3 Rorgt

IFN-g

TNF-a
IL-17
IL-22

Identification through the
combined use of surface
phenotypic markers,
intracellular transcription 
factors and cytokine 
synthesis.

Courtesy of Sara Trabanelli, 2016

Why do we need
so many colors?

Tube FITC PE PerCP-
CY5.5

PeCy7 APC APC-H7 BV421 HV500C

CD45ra CLL-1 CD123 CD33 CD38 CD44 CD34 CD45
TIM-3

CD7

CD11b

CD22

CD56

• 1 tube for LSC detection at diagnosis and follow-up 

• Identifies almost all  CD34+CD38- LSC

• Needs no extensive experience in BM immunophenotyping

• Multi-institutional approach possible 

• Can be extended with other markers in the PE-channel

Leukemia Stem Cell Detection for Diagnostic Purposes: 
Discrimination Between Leukemia and Hematopoietic Stem Cells

(1 tube, 8 colors, 13 markers)

PE “Lineage (dump) Channel” contains markers that are NEGATIVE on HSC

• Zeijlemaker W. Leukemia 16 Sept 2016. doi:10.1038/leu.2015.255
• Zeijlemaker W. Leukemia 16 Sept 2015. doi:10.1038/leu.2015.252Courtesy of GJ Schuurhuis, 2016

Why do we need
so many colors?

Monoclonal
component

Monoclonal
component
non-IgM,

Bone lesions
BM plasmacytosis

ALOT LST PCST
first tube of PCD

SST

BCP-ALL T-ALL AML/MDS B-CLPD
limited

T-CLPD NK-CLPD

Sustained
monocytosis

Unexplained
Eosinophilia

reactive/polyclonal

other  B-CLPD

CLL

non-CLL

CLL

MCL

FCL

HCL

other clonal B

reactive

aberrant +a

reactive

aberrant
NK cells

various
subtypes 
of BCP-ALL

MDS

PNH

CML

CML-BC

other MPD

High suspicion of
acute leukemia

e.g. blast cells observed
Unexplained

cytopenia

Atypical lymphocytes
Splenomegaly
Lymphocytosis
LN enlargement

clonal

reactive/polyclonal

clonal/aberrant

first
4 tubes

PCD

various subtypes
of PCD

High
monoclonal
component

non-IgM

Suspicion of
lymphoma

localization in 
small cell number
samples e.g. CSF,

vitreous

“ ”

first
4 tubes

various
subtypes 
of T-ALL

various
subtypes 
of AML

immunobead 
assays for
fusion protein
detection

B-CLPD
complete

aberrant +g

Algorithm for EuroFlow Antibody Panels in Hemato-Oncology

Clinical question

Single Screening tube

1°

2°

3°Classification tubes

Why do we need
so many colors?

8-Color/12-MoAbs LST Tube: Lymphoproliferative Disorders Screening

A very VERY unusual case
easily detected !

CD3+ CD4- CD5-

CD8+dim  TCR g/+

R=1.3
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TNFa-Induced Shift of NF-kB From Cytoplasm to Nucleus of HeLa Cells 

Flow Cytometric Analysis Cannot Locate Where the Signal is Generated 

NF-kB FITCUntreated TNFaNF-kB FITC

Untreated TNFa-Treated

Healthy
MACRO
Granular
Pattern

A P L
MICRO
Granular
Pattern

Other Signal Pattern Issues That Cannot be Appreciated by FCM 

Courtesy of A.L. Horenstein, 2015

Capping of  FITC-Daratumumab 
(Anti-CD38) on Human BF01 
Myeloma Cell Line

Antigen Capping Phenomena
PML

Granules

Courtesy of P. Mirabelli, 2012

IHC - Bone Marrow Trephine Biopsy:
Paratrabecular Lymphocyte Infiltrate

Architecture of cellular clustering has
a clinical meaning (i.e. Follicular Lymphoma) 

FCM Analysis of Bone Marrow Aspirate:
Dissociated Particles–Homogeneous Suspension

Abnormal cells diluted and admixed with normal
lymphocytes. Clonality may not emerge.

Basso K  and  Dalla-Favera R.
Nature Reviews Immunology
2015; 15: 172 – 184.

= Single Hit

(BL Phenotype, MYC+, BCL2-, BCL6-)

= Double or Triple Hit

(BL Phenotype, MYC+, BCL2+/-, BCL6+/-)

Diagnostic Approach to Aggressive, High-Grade B Cell Lymphomas (HGBL) 

Swerdlow SH.  Blood 2016; 127: 2375-2390.

Some Important Diagnostic Markers that Cannot be Detected by FCM 

• Nuclear Cyclin-D1: Translocation CCND1/IGH-t(11;14)  Mantle Cell Lymphoma, Myeloma

• Nuclear Cyclin-D2: Multiple Myeloma

• BCL-6 (By FISH):  DLBCL

• IGH/MYC/CEP8: (MYC-BCL2= Double Hit) MYC-Translocated DLBCL: 30% OS at 24mos 
MYC-wild type: 70% OS at 24 mos.

• IRF4/MUM1: Cell of Origin  DLBCL ABC vs GC

• SOX11: Mantle Cell Lymphoma  In situ  vs  Leukemized

• EBV Products (EBER By FISH): DLBCL  EBV-Related, Primary Effusion Lymphoma

• MIB-1 Quantitation:  Cutoff >90% or <90%   DLBCL vs Burkitt

• TP53 Mutations: Multiple Myeloma, Chronic Lymphocytic Leukemia
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The ‘Cell-of-Origin’ of Lymphomas Cannot be Established by FCM 

• Germinal Center (GC)  Type  DLBCL: CD10+   or

CD10- BCL6+ MUM1-

• Post-GC Activated Phenotype (ABC): CD10- BCL6- or

CD10- BCL6+ MUM1+

GC

CD10

BCL6

MUM1

ABC
+

- GC

ABC

+

-

+

-

Mature, Clonal, Highly Proliferating B Cells (CD19+ CD20+ CD22+ CD79b+  sIg+  Ki67>40%)

Such analysis can be accomplished 
by Immuno-Histochemistry (IHC) 0nly

In IHC slides are processed at 
HIGH TEMPERATURE, so antigens
undergo structural changes

Histology and Immunohistochemistry of Lymph Nodes in Lymphoma Diagnosis:
Is  There  Any  Role  For  Multicolor  FCM  Analysis?

• It is estimated that in 10-15% of Non-Hodgkin Lymphoma cases the 
conventional Histology/IHC analysis of Lymph Nodes may be inconclusive, 
thus requiring additional analytical steps.

• The 2016 WHO revision (S. Swerdlow. Blood 2016; 127: 2375-2390) highlights the
need of a more cautious usage of the term ‘Lymphoma ’ since cases of 
in-situ neoplasms and borderline or atypical reactive lesions may occur.

• Multicolor FCM can be of help as an ancillary technique in NHL diagnosis,
especially in T-Cell Lymphomas, Composite Lymphomas, Dendritic   
Plasmocytoid neoplasms, PTGC (Progressive Transformation of Germinal Center), 
In-Situ Follicular Lymphoma, Thyroid Aspirates, to approach 100% 
diagnostic accuracy.

• Coupling FCM to Histology/IHC of Lymph Nodes requires a tight 
cooperation between operators (organization, technicalities, logistics)

Blastic Plasmacytoid Dendritic  Cell  Neoplasm

Acute  Leukemias of  Ambiguous  Lineage:

• Acute Undifferentiated Leukemia

• Mixed Phenotype Acute Leukemia (MPAL) with t(9;22)(q34.1;q11.2);     

BCR-ABL1

• MPAL with t(v;11q23.3);  KMT2A Rearranged

• MPAL, B/Myeloid, NOS

• MPAL, T/Myeloid, NOS

But Multicolor Flow Cytometry is Unbeatable in Detecting 
and Characterizing  Difficult and Unusual Leukemias

Myeloid Lineage

MPO (flow cytometry, immunohistochemistry, or cytochemistry)

or  Monocytic differentiation (at least 2 of the following: nonspecific 
Esterase cytochemistry, CD11c, CD14, CD64, Lysozyme)

T-Lineage

Strong cytoplasmic CD3 (with antibodies to CD3 ε chain)

or  Surface CD3

B-Lineage

Strong CD19 with at least 1 of the following strongly expressed: CD79a, 
cytoplasmic CD22, or CD10

or Weak CD19 with at least 2 of the following strongly expressed: CD79a, 
cytoplasmic CD22, or CD10

Criteria for Lineage Assignment for a Diagnosis of MPAL

Arber DA.  Blood 2016; 127:  2391-2405.

29

Flow Cytometry  in  Hematologic  Malignancies 

Some abnormal phenotypes can be highly predictive of genetic defects:

• Acute Myeloid Leukemia CD34+ CD56+ CD15+/- CD19+   t(8;21)

• Mantle Cell Lymphoma  CD5+ CD23- CD79b+ CD200-  t(11;14)

• Burkitt Lymphoma CD10++ CD38++ CD43++ CD81++  t(8;14)

• Atypical B-CLL CD5+ CD20++ CD23+/- CD49d+  trisomy 12

• Multiple Myeloma CD20+   t(11;14) – Standard Risk

• Multiple Myeloma CD28+++  CD27-  t(14;16) - High Risk

• Multiple Myeloma CD28- CD27-  t(4;14) – High Risk 

• Pediatric ALL CD123+  Hyperdiploidy

• Pediatric ALL CD66c+  Hyperdiploidy, BCR/ABL

• Pediatric ALL CD44-  TEL/AML1

• Mature B-ALL CD44-  MYC-Translocation

• .....and many other......

EBV-Reactive
Plasmocytosis

HIV-Reactive
Plasmocytosis

HIV-Reactive
Plasmocytosis

Parvovirus-B19
Plasmocytosis



23/10/2017

6

Four Expert Pathologists Were Asked to Analyze 50 Established MDS Cases:
High Inter-Observer Variability of Morphological Evaluation of Blasts.

Senent L. 
Haematologica 2013; 98: 568-575

The same MDS patient
may be classified as
RCMD, RAEB-1 or -2
depending on observer

CD34 Alone             CD34+CD117+    CD34+CD117+DR+

Sandes AF. Clinical Cytometry 2013; 84B: 157-166.

BM Blast enumeration by FCM
using CD34+ CD117+ HLADR+
displays the BEST CORRELATION
with morphological blast count
as performed by expert readers.

Cell denominator is made by
CD45+ cells, excluding
erythroid precursors.

Counting BM Blasts by FCM

Phenotype changes with  Age, Exposure  &  Environment 

Notta F.  Science 2016; 351:
doi:10.1126/science.aab2116

The human hemopoieis 
hierarchy has been totally 
redesigned thanks to FCM 
immunophenotyping and
cell sorting

Notta F.  Science 2016; 351:
doi:10.1126/science.aab2116

Progenitor-Enriched
(CD34+  CD38+)

Stem Cell-Enriched
(CD34+  CD38-)

A novel 11-parameter cell sorting scheme 
to examine the heterogeneity within the
CD34+ progenitor compartment.

Multi-
Potent
Progenitors

Megakaryo-
Erythroid
Progenitors

Common
Myeloid
Progenitors

Van Lochem EG. Clinical Cytometry 2004; 60B: 1-13.

Age-related changes in the normal Bone Marrow (B Cell Lineage)

69 years
old

3 years
old
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Naive T Cells and Aging

CD4+

CD8+

5 year old boy                 91 year old man

Naive CD4
62%

Naive CD4
22%

Naive CD8
56%

Naive CD8
7%

Minimal Residual Disease by FCM

Find Out the Boys Wearing a Yellow Cap!

Rare Event Detection and Enumeration by FCM – The Minimal Residual Disease

3 “Positive” Cells

Out of 14,387
3 / 14,387 = 0.02 %

Is it a correct
approach? NO!

Enumeration of rare cell events  (i.e. < 10-2)

is NOT a mere arithmetical calculation.

Stringent technical and statistical criteria

are required (both for ‘positive’ and ‘denominator’).
Wood B. ICSH/ICCS. Cytometry Part B 2013; 84B: 315-323. 

• Lower Limit of Blank  (LLOB):
The highest signal in the
absence of the measurand.
(Mean Blank + SD x 1.65).
95% of negative values are
below this limit.

• Lower Limit of Detection (LLOD):
(Mean Blank + SDlow x 1.65).
95% of negative values are
above this limit.
5% false negatives and 
5% false positives are assumed

• Lower Limit of Quantitation (LLOQ):
The lowest level of measurand
that can be reliably quantitated
at a predefined criterion for
precision and accuracy (clinical
utility value). Never lower than
LOD.

Mean 
Blank

L O B

Mean 
Low Signal

Mean 
High Signal

95% 
Negative
Values

Such  concepts  derive  from  clinical  
chemistry and can be directly applied 
to Flow Cytometry for INTENSITY
measurements only.

LOB= 1 event MRD Events= 156

In FCM MRD studies, the  LLOB / LLOD / LLOQ
concepts must be appropriately translated:

LLOB = Background events in the blank (to be subtracted)

LLOD = > 30 Events detected (> 0.001% or >10-5)
LLOQ = > 50 Events quantitated (> 0.001% or 10-5)

[30 and 50 events derive from statistical estimations]

Consensus on MRD Detection in  Multiple Myeloma FCM MRD  Studies: Estimated  LLOD & LLOQ

According to the Total Number of Acquired Cells

Total Number of

Acquired Cells

(Excluding Erythroid)

LLOD %
≥ 30 Events

LLOQ %
≥ 50 Events

100,000 0.03 0.05

200,000 0.015 0.025

500,000 0.006 0.01

1,000,000 0.003 0.005

2,000,000 0.0015 0.0025

3,000,000 ~ 0.001 ~ 0.0017

5,000,000 ~ 0.0006 ~ 0.001

The specific LLOD for the total amount of acquired cells should be reported.

Arroz M. Cytometry Part B 2016; 90B: 31-39.
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When examining a PAP Smear (around 300,000 cells), JUST ONE ABNORMAL CELL may be enough
to classify the sample as SUSPECT, therefore requiring expert review or resampling.

A Limitation of FCM Analysis: JUST ONE CELL (Event) IS NOTHING

Source: EuroCytology.eu

Next Generation FCM: Extended Multiparamater Analysis by Infinicyt TM

InfinicytTM is a software for data integration and 
multidimensional  analysis  of flow  cytometry  files.
The main features of InfinicytTM are:

The Merge Process
Two or more datafiles from the same sample or from 
different samples  with  some  common  ‘backbone’ 
markers are merged. The  resulting  file  sums  up
limitless cell phenotypes as if they were generated by
a virtual single cell sample.

The Automatic Population Separator (APS)
An automatic separator of events using the ‘Principal
Component Analysis’. Multidimensionally identified
cell subsets are rendered in a 2-dimensional format.

The Internal or External Reference Case Database
Cell analyses can be compared to reference datasets
generated internally (i.e. at disease onset) or to an 
external case library, if analyzed by the same criteria.

CLLMCL

Conventional Flow-MRD Assay:  MRD - Negative Case

0.026

0.00008

• MRD Study - 1 Tube, Conventional Analysis
• 2.725 M BM cells acquired & erythroid removed
• LOD = 0.0012%

• 2 Abnormal PCs collected (0.00008%)
• MRD Negative

Consensus on a standardized,
robust MM-MRD gating protocol
with conventional FCM analysis 
softwares is still lacking.

• Post-ABMTx  BM analysis.
• 2.6 Million BM cells (Erythroid removed)
• LOD = 0.0012%   LLOQ = 0.002 %

• 236 Abnormal PC collected (0.009%)
• MRD Positive

Next Generation Flow-MRD Assay:  2 EuroFlow Tubes Merged 

Abnormal PC

CD81

CD81

CD27

CD56 Kappa

L
a
m
b
d
a

Next Generation Flow-MRD Assay:  2 EuroFlow Tubes Merged 

CD45 CD45

CD38

Abnormal PC
Contour
at Onset

Normal PCs
572 Events
CD81+ CD117-

Normal PCs
572 Events
CD19+ CD56-

Normal 
Polyclonal
PCs

CD81

CD117

CD56

CD19

cyLambda

cyKappa

• CR MRD Analysis
• 6.02 Million BM cells
• LOD 0.0005 %
• 572 Normal PC collected 
• No Abnormal PC collected
• MRD Negative

* Proven polyclonal 
by CyIg staining
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% Abnormal PC infiltration Tube 1
(Next Generation Flow MRD)

10-5

10-4

10-3

10-2

10-1

Neg

10-6

Neg   10-6 10-5 10-4 10-3 10-2 10-1     

2/54 (4%)

27/54 (50%)

9/54 (17%)

16/54 (30%)

*

Next Generation Flow MRD vs Conventional 8-color Flow MRD

Courtesy of
Alberto Orfao, 
2015



23/10/2017

9

Multicolor Flow Cytometry

New International Myeloma Working Group (IMWG) Response Criteria
Kumar S.  Lancet Oncology 2016;  Aug (17): e328-e346

Next-Generation Flow-MRD is now considered equivalent to ASO-qPCR and NGS EUROFLOW:  Long-Term Monitoring of Instrumental Standardization  (MedFI)

Kalina T. Cytometry Part A 2015; 87A: 145-156.

• When the analysis output is an Intensity of Expression variable, the control  of consistency    
and stability of MedFI over time is mandatory.

• Despite  Instrument setup,  Calibration  microspheres,  and  Reagents  are  fully homogeneous, 
some markers still display a high grade of intrinsic expression variability.
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STANDARDIZATION vs HARMONIZATION  IN  FLOW  CYTOMETRIC  ANALYSES

A 12-bar Jazz Blues in F

Notes  vary  greatly  among
the  various  performers

A 12-bar Jazz  Blues  in  F
is  immediately  recognized
DESPITE the  notes  are
different at each performance.

Harmonization

Tchaikovsky’s Piano Concert  
N. 1 in  Bb Major op. 23

Notes are always exactly the 
same at every performance

The Tchaikovsky’s  1st Piano
Concert in Bb is immediately
recognized  BECAUSE the 
notes  are  always  the  same.

Standardization

STANDARDIZATION vs HARMONIZATION  IN  FLOW  CYTOMETRIC  ANALYSES

Standardization Harmonization

Rather easy to implement for simple,
repetitive analyses (i.e. CD4, CD34, 
CD64, FMH, Low Level Leucocytes...)

Requires a strong agreement on basic
general principles and technical 
operating procedures.

Requires a lot of time for validation of
MoAb recipes. Scientific evidence may
change meanwhile, making guidelines
rapidly obsolete (esp. in Leukemia).

Detailed recipes of antibody mixtures
are not strictly necessary.

The strict rules may cause excessive 
selection of labs according to their
available technologies.

Guidelines can be applied more flexibly,
even in labs not equipped with state-of-
the-art technology.

Everyone invoke ‘standardization’ 
in FCM, but once technical guidelines
are published criticism and variations
become quickly the rule.

It doesn’t matter if a cat is black or
white, as long as it catches mice.
(Deng Xiaoping, 1960)

ME= Multi-Epitope CD38

Courtesy of Alberto Orfao, ESCCA Course 2016

Leukemia / Lymphoma Report

Peripheral Blood and Bone Marrow Aspirate

An example of a modern,
integrated hematological report.

The results of all the various
technical approaches are
summarized in the same 
report file, each one signed by
the respective responsible
academic.

A unified, collegial clinical 
conclusion is offered.

Johansson U.
Brit J Haematol 2014; 165: 455-488

REPORTING  IN

HEMATOLOGICAL

MALIGNANCIES:

A Matter of Communication
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Unbalanced

Balanced

, WT1,  EVI1

Plus:  SANGER (Kit, DNMT£A, IDH1/2, CEBPA. NRAS/KRAS)

NGS (RUNX1, TET2, TP53, ASXL1, EZH2) 

RT-PCR (MLL-PTD)

Molecular Genetics and Cytogenetics Seem to Dominate in the Field of Hematologic Malignancies 

...but....

To date 105+ Monoclonal 
antibodies are registered and

commercially available for

diagnosis and therapy in

patients   (June 2017)

Such molecules interact with

target cell surface molecules

or with soluble factors

Many issues related to MoAb

usage and its effects on the

target should be carefully

monitored  (by FCM, of course!)

Therapeutic and Diagnostic MoAbs

To follow

Continued

Laboratory Support plays an 
ever increasing role in MoAb 
therapy, to monitor:

• The development of the 
correct mechanism of action 
of the MoAb.

• The kinetics of target 
cell disappearance and 
reappearance.

• The monitoring strategies 
determined by the changes 
induced by the MoAb on 
its target.

• The development of escape 
mechanisms that may hamper 
the clinical effects of 
the MoAb.

Therapeutic and Diagnostic MoAbs
Not Only
Leukemia

A Comprehensive FCM Approach to Primary Immunodeficiencies

Not Only
Leukemia

Flow  Cytometry  Studies of Immune System

• An attempt to standardize a comprehensive antibody panel to study
all immune system cell functional and regulatory subsets:
• T Cells: Naive, Memory, Central & Effector memory, TH1/TH2/TH17, Treg, Activated
• B Cells: Naive, Memory IgD+/-, Transitional, Plasmablasts
• NK Cells: 56+low NK, 56+high NK
• Monocytes: Classical, Intermediate and Non-Classical Monocytes
• Dendritic Cells: Myeloid DC, Plasmacytoid DC

• Maecker HT. Nature Review Immunology 2012; 12: 191-200.
• Finak G. Nature Scientific Reports 2015. 6:20686, DOI: 101038/srep20686

Not Only
Leukemia

Flow  Cytometry  of the Red Cell Compartment

• Bone Marrow Maturation of Red Cells by FCM:
• Normal and Dysplastic Maturation Patterns
• Intracellular Isoferritins 

• The Never Ending Story:
• Detection of Malaria Parasites by FCM

• Normal & Abnormal Red Cells as Seen by FCM:
• Blood Counter Measurements vs FCM Findings
• Detection of normal & abnormal RBC Subpopulation
• RBC aging in vivo and Eryptosis
• FCM and RBC Osmotic Fragility
• Congenital Spherocytosis and Pyro-Poichilocytosis
• Feto-Maternal Hemorrhage Analysis, not Rh/D related
• Detection of RBC  PNH Clones
• Detection of Blood Doping in Athletes
• Detection of Fluorocytes in Protoporphyria
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Not Only
Leukemia

Flow  Cytometry  in  the  Blood  Bank

• Quality Control of Blood Components:
• Low-Level Leucocyte Count in Leucoreduced products
• Control of Platelet Function and Sterility in PLT Bags
• Study of the RBC ‘Storage Lesions’

• Control of CD34+ PBSC Units for Transplantation:
• Evaluation of Apheresis Yield and PBSC Collection
• Enumeration of Viable PBSC at Freezing
• Evaluation of Viable PBSC after Thawing

• Management of Feto-Maternal Hemorrhage (Anti-D):
• FCM to Guide the Anti-D Therapy 

• Experimental Applications:
• Anti-RBC Antibody Studies
• Monitoring the kinetics of transfused RBC survival
• Large-Scale in-Vitro Production of Red Blood Cells

Not Only
Leukemia

Bronchoalveolar Lavage: Clinically  Important  Questions
To  Be  Answered  by the  FCM Analysis of the Recovered  Immune  Cells

• Overall Cellular Concentration:
• Hypercellular BAL indicates active disease. 

• Lymphocyte Percentage:
• Relative lymphocytosis indicates an ongoing immune process. 

• T Lymphocyte Subset Distribution:
• Prevalence of T CD4+ or T CD8+ cells varies in different diseases. 

• Presence of Other Cell Types:
• PMNs, Eosinophils, CD1a+ Histiocytes (sometimes disease-specific).
• Leukemia/Lymphoma Cells (Lung involvement in hematological malignancies).

• Activated Lymphocytes, TH1/TH2/TH17 Cells, Dendritic Cells (experimental) 

UK NEQAS For Leucocyte Immunophenotyping

• 12 FCM  and  12 Molecular Schemes.

• Unique Programs for Leukemia and MRD.

• 1500+ Participants all Over the World.

• Most Schemes are ISO 17043 Certified.

• Primarily Educational for Both Technicians

and Academics.

• Helps Operators to Reach and Maintain

High-Level Professional Competence.

• Running Scores to Monitor Performance

With Time.

• Friendly Technical and Scientifical Support.

An Overview of Clinical Flow Cytometry  (Conclusions)

• New developments in medicine require extensive patient monitoring in many

different diseases (Hematology/Oncology, Autoimmune Diseaseses, Immuno-
deficencies, Infectious Diseases, Reproductive and Cardiovascular Medicine).

• Changes in diagnostic strategies are needed to follow the new targeted 

therapies (Humanized Antibodies, TKI- and BCL2-blockers, CAR-T Cells etc.)
also by implementing new data analysis systems.

• The new (immune)therapeutic agents may induce prolonged overall survival

and better quality of life for patients, thus making the clinical follow-up

longer and made of complex sequential runs of therapy (i.e. Myeloma).

• The more targeted the therapy, the higher the chance of mutations and

consequent resistance. An eary detection of therapy resistance will be

increasingly important.

• As a consequence, Flow Cytometry Monitoring is the answer!


