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Algorithm-based diagnostic approach 



Pre-analytics 
Sample requirements 
Sample source mainly bone marrow aspirate, anticoagulated 
Labeling by ≥2 unique patient identifiers and anatomic source 
Test requisition form 
• unique patient identifiers, patient’s date of birth, sex, diagnosis 
• name and location of the physician submitting the specimen 
• pertinent information on current medication or recent treatment 
• date and time of specimen collection 
• source of the specimen 
• requested test 
• if possible: WBC count; differential; histologic, cytochemical, immunohistochemical, molecular, 
cytogenetic findings 



Pre-analytics 
Anticoagulation and Storage Conditions 
EDTA, sodium heparin, ACD 
EDTA if CBC to be performed in addition 
Quick processing needed, sample stable for up to 72 hours 
Validation needed 
Transportation/storage at 18-25°C, in case of storage at 2-8°C sample must reach room 

 temperature before performing assay 
 
Assessing Specimen Viability and Cell Concentration 
Estimation of proportion of viable cells by FSC/SSC or fluorescent DNA-binding dyes 
Cell counting to ensure saturating amounts of antibodies 
 
Value of Specimen Cytomorphology 
Cytomorphologic evaluation strongly recommended for correlation with MFC data 
 



Essential antigens 
Determination of frequency of immature cells 
Analysis of CD45/SSC 
Use of CD11b/CD14/CD16 for separation of different cell populations 
 
List of antibodies 
As recommended in 
•  Craig FE, Foon KA. Flow cytometric immunophenotyping for hematologic neoplasms. Blood 

2008; 111: 3941-3967 
•  Bene MC, Nebe T, Bettelheim P, Buldini B, Bumbea H, Kern W, et al. Immunophenotyping of 

acute leukemia and lymphoproliferative disorders: a consensus proposal of the European 
LeukemiaNet Work Package 10. Leukemia 2011; 25: 567-574 

 
Myeloid progenitor cells 
CD34, CD117, HLA-DR 
Cytoplasmic myeloperoxidase most specific marker of myeloid differentiation 
Deviations from normal occur in AML and MDS 
 



Essential antigens REVIEW
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The European LeukemiaNet (ELN), workpackage 10 (WP10) was
designed to deal with diagnosis matters using morphology and
immunophenotyping. This group aimed at establishing a
consensus on the required reagents for proper immunopheno-
typing of acute leukemia and lymphoproliferative disorders.
Animated discussions within WP10, together with the applica-
tion of the Delphi method of proposals circulation, quickly led
to post-consensual immunophenotyping panels for disorders
on the ELN website. In this report, we established a compre-
hensive description of these panels, both mandatory and
complementary, for both types of clinical conditions. The
reason for using each marker, sustained by relevant literature
information, is provided in detail. With the constant develop-
ment of immunophenotyping techniques in flow cytometry and
related software, this work aims at providing useful guidelines
to perform the most pertinent exploration at diagnosis and for
follow-up, with the best cost benefit in diseases, the treatment
of which has a strong impact on health systems.
Leukemia (2011) 25, 567–574; doi:10.1038/leu.2010.312;
published online 21 January 2011
Keywords: hematology; flow cytometry; immunophenotyping;
lymphoproliferative disorders

Introduction

As soon as the European LeukemiaNet (ELN) project started, the
‘Diagnostics’ workpackage (WP), WP10, initiated a discussion
aiming at obtaining a state-of-the-art view on the immuno-
phenotyping step of leukemia diagnosis. An electronic document,
mostly based on Delphi consultation of a large number of
partners in the WP and on discussions during a few meetings,
was posted at the ELN website by early 2005, listing the antigens
considered mandatory to investigate and providing an addi-
tional list of potentially useful markers.1 Two other documents,
respectively, considering pre-analytical steps and proposing a

series of panel combinations of reagents validated in individual
laboratories, were posted consecutively.

After 5 years, it appeared necessary to revise the ‘mandatory’
panel and its appendix, and to provide a more explicit
document, which would facilitate data interpretation. In
accordance with WP10’s philosophy, this paper was therefore
submitted to and reached consensus from the WP’s partici-
pants. It presents the state-of-the-art and a global guideline to
immunophenotyping in acute leukemias (ALs) and lympho-
proliferative disorders (LPDs), also delineating the information
provided by the selected markers and their value at diagnosis.
This document deliberately does not enter the fields of panel
construction or minimal residual disease (MRD), discussed
elsewhere by this group of laboratory experts. It aims at
better assessing the value brought by individual differentia-
tion antigen recognition in properly delineating hematological
malignancies.

An important characteristic of proper immunophenotyping of
hematological malignancies at diagnosis is that it should provide
all relevant indications to the clinician, including classification
of the disease, according to maturation arrest stages1–5 and
pertinent information for the immunophenotypic follow-up of
each patient.6 The complexity and diversity of leukemias and
LPDs are indeed associated with a large variety of molecular
and immunophenotypic anomalies identified within the inte-
grated approach recommended by the World Health Organiza-
tion (WHO), which was considered in detail when writing this
paper.7 Indeed, the bases of AL immunophenotyping were
summarized and typified in the European Group for the
Immunological Characterization of Leukemias classification,2

from which the immunophenotyping of AL was developed by
the WHO classification of 2008.7,8 Immunophenotyping has
become a major diagnostic tool in addition to morphology,
owing to its accuracy and speed.8 Cellular biomarkers readily
detected through immunophenotyping allow a proper definition
of hematological malignancies’ lineage and differentiation,
whereas cytogenetic or molecular anomalies further characterize
subsets of these diseases sometimes belonging to the same
immunophenotypic family.8 The pertinent choice of a rather
large panel of antibodies is therefore required at diagnosis to
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Essential antigens 
Determination of frequency of immature cells 
Analysis of CD45/SSC 
Use of CD11b/CD14/CD16 for separation of different cell populations 
 
List of antibodies 
As recommended in 
•  Craig FE, Foon KA. Flow cytometric immunophenotyping for hematologic neoplasms. Blood 

2008; 111: 3941-3967 
•  Bene MC, Nebe T, Bettelheim P, Buldini B, Bumbea H, Kern W, et al. Immunophenotyping of 

acute leukemia and lymphoproliferative disorders: a consensus proposal of the European 
LeukemiaNet Work Package 10. Leukemia 2011; 25: 567-574 

 
Myeloid progenitor cells 
CD34, CD117, HLA-DR 
Cytoplasmic myeloperoxidase most specific marker of myeloid differentiation 
Deviations from normal occur in AML and MDS 
 



Essential antigens 
Granulocytic differentiation 
CD15, CD11b, CD65 
 
Monocytic differentiation 
High expression of CD64 and CD36, CD11b, CD11c  
CD14 on mature monocytes 
 
Megakaryocytic differentiation  
CD61, CD41, CD42 
 
Erythroid precursors  
CD235a, CD71, CD36, CD45 
 



Essential antigens 
Characteristic immunophenotype in AML with specific genetic changes 
t(8;21)(q22;q22), RUNX1-RUNX1T1 
inv(16)(p13.1q22) or t(16;16)(p13.1q22), CBF-MYH11 
t(9;11)(p22;q23), MLLT3-MLL 
t(6;9)(p23;q34), DEK-NUP214 
t(1;22)(p13;q13), RBM15-MKL1 
t(15;17)(q22;q12), PML-RARA 
 
AML with minimal differentiation 
Discrimination from ALL and MPAL 
 
Leukemia-associated aberrant immunophenotype 
Assessment at diagnosis if MRD analysis is intended 
 
Reference to normal bone marrow populations 
Essential for individual setting in each laboratory 
 
Reference populations 
Negative populations to be used, no isotype controls 



Typical features of AML M3 



Typical findings in AML with t(8;21)/RUNX1-RUNX1T1 

6% 



Diagnostic sample analysis 
Data Acquisition  
Cytometer settings 
Compensation procedures 
Definition of live gate 
Number of cells in live gate ≥104 (AML) and ≥ 5 x 104 (MDS), to be adjusted for MRD 
 
Data analysis 
Separation of myeloid progenitor cells and more differentiated cells 
Immunological pattern analysis 
• myeloid progenitor cells in AML, also more differentiated cells in MDS 
Comparison of pathological and normal samples  
 
 



Minimal residual disease 
Technical aspects 
Leukemia-associated aberrant immunophenotypes (LAIP) in 95% patients and above in AML, 

 often heterogeneous 
Different types of LAIPs to be considered 
• cross-lineage expression of lymphoid antigens 
• asynchronous co-expression of both progenitor cell and mature antigens 
• lack of expression of myeloid antigens 
• over-expression of normally expressed antigens 
Diagnostic antibody panel to guarantee detection of ≥1 LAIP 
“Different from normal” approach in case of no diagnostic immunophenotype available 
Sensitivity 1/1,000 to 1/10,000, number of acquired cells to be considered 
Relative value in comparison to quantitative PCR to be determined 
 
Incorporating MRD in Clinical Practice 
Should be incorporated into treatment protocols 
MRD testing demands strong understanding of immunophenotypic features of BM cells under 

 steady-state, pathological and regenerating conditions 
 



Report 
Required content 
a) a clear, unambiguous identification of the MFC examination 
b) identification of the laboratory that issued the report 
c) patient identification and location on each page 
d) name or other unique identifier of the requester and the requester’s contact details 
e) date of primary sample collection 
f) type of primary sample 
g) examination results 
• descriptive short text on relevant populations, their size as percentage of the total sample and 
their antigen expression profiles 
• table listing antigens examined and considered absent, partially expressed, dimly expressed or 
strongly expressed can be added 
• Stating the percentage of MPCs in the sample tested for MFC should be accompanied whenever 
possible by the percentage of blasts observed in the cytomorphologically examined sample 
h) comments such as cautionary or explanatory notes 
i) identification of the person(s) reviewing the results and authorizing the release of the report 
j) date of the report, time of release 
k) page number to total number of pages (e.g. “Page 1 of 5”, “Page 2 of 5”, etc.) 



Report 
Specific aspects, AML 
Adherence to WHO classification 
 
Specific MFC findings should be reported only if clinically relevant 
• if indicating highly suggestively a WHO-defined entity 
• if LAIP is present which can be applied for MRD monitoring 
 
Summary 
• AML 
• "consistent with AML“ 
• alternative MFC conclusion 
 
Reference to cytomorphology 
 
If findings suggest acute promyelocytic leukemia (APL) 
• statement on this must be included 
• report must be communicated immediately 
• genetic testing for t(15;17) and/or for PML-RARA must be initiated 



Report 
Specific aspects, AML 
If findings suggest “AML with t(8;21)(q22;q22); RUNX1-RUNX1T1“ or “AML with inv(16)
(p13.1q22) or t(16;16)(p13.1;q22); CBFB-MYH11“ 
• may be reported 
• should be confirmed by genetic testing 
 
Identified population(s) resulting in the diagnosis of AML should be described and the antigen 

 expression pattern provided 
 
Reports on MRD assessment 
• If findings from diagnostic analysis available, report should refer to these and indicate 
percentages of identified LAIP+ cells both at diagnosis and at follow-up 
• If findings from diagnostic analysis not available and MRD-type analysis performed as screening 
for small CD45/SSC-focused populations with unknown LAIP this should be clearly stated and 
percentage of identified population should be given 
• Estimation of sensitivity of MRD assessment should be provided 



Report 
Specific aspects, MDS 
Assessment recommended according to ELN, but has not been part of diagnostic criteria of MDS 

 according to WHO classification of 2008 
Diagnostic finding should be reported as 
• “consistent with MDS by flow cytometry“ 
• “suggestive of MDS by flow cytometry” or 
• “no sufficient evidence of MDS by flow cytometry” 
Indication for the requirement of repeat analysis, if applicable 
Reporting of findings on MDS-typical aberrant antigen expression for each cell compartment 
according to ELN guidelines 
• immature myeloid and monocytic progenitors 
• maturing neutrophils 
• monocytes 
• progenitor B cells 
• erythroid compartment 
≥3 aberrantly expressed antigens considered necessary to allow “consistent with MDS” 
Isolated increase of MPCs >5% also considered sufficient for "consistent with MDS" 



Recommended minimal requirements to assess MDS by MFC 

Westers et al., Leukemia 2012;26:1730-1741 



Proposed core markers in the analysis of MDS by MFC 

Westers et al., Leukemia 2012;26:1730-1741 
 



ELN recommendations for MDS 

Malcovati et al., Blood 2013;122:2943-2964 



Quality control 
Internal Quality Control 
Instrument quality control on a daily basis 
Beads and biologic controls 
 
External Quality Assessment 
Possible only 4 to 6 time per annum 
Awareness of “snap shot” 
 



Personnel 
Qualification 
Definition of roles to be assigned as well as the respective degree of qualification needed to work 
on such roles 
Selection of personnel accordingly 
Professional education of technical staff 
• must meet national standards 
• shall reflect appropriate education, training, experience and demonstrated skills needed 
Professional education of academic personnel responsible for signing off reports 
• must meet national standards 
• must be specialized in an area that includes diagnostic MFC (hematology, immunology, 
pathology, clinical chemistry) 
• must be trained in laboratory applying MFC for hematological disorders including AML and MDS 
• Training should not be <1 year and include ≥500, ideally ≥1,000 cases of PB or BM samples 
tested in this context 
Both technical staff and physicians must have applicable theoretical and practical background 

 and experience 



Personnel 
Personnel Introduction to the Organizational Environment 
Program to introduce new staff to 
•  organization, department or area in which the person will work 
•  terms and conditions of employment 
•  staff facilities 
•  health and safety requirements (including fire and emergency) 
•  occupational health services 
 
Training 
Comprehensive training and competency assessment program for all staff 
(i)  establishment of training objectives 
(ii)  identification of the methods/tools that will be used in training 
(iii)  identification of the materials used in training 
(iv)  establishment of the criteria to be used to assess the effectiveness of training 
 
Training subject to continuous assessment and recorded in a training manual 



Algorithm-based diagnostic approach 


