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Mature lymphoid neoplasms

⚫ Neoplasms of mature lymphoid cells include 

⚫ the chronic leukemia lymphoid neoplasms

⚫ non-Hodgkin lymphomas.

⚫ This group of diseases is recognized by 

⚫ an immunophenotype that is similar to normal mature lymphoid cells (eg, surface 
immunoglobulin on mature B cells) 

⚫ lack of antigenic features of immaturity, such as expression of TdT, CD34, or weak 
intensity staining for CD45.

⚫ Through identification of lineage-associated antigens, neoplasms of mature lymphoid 
cells can be divided into those of 

⚫ B-cell lineage, 

⚫ T-cell lineage 

⚫ NK-cell lineage.
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Mature B-cell lymphoid neoplasms

⚫ FC immunophenotyping studies are indispensable for the diagnosis of 
mature B-cell lymphoid neoplasms through the identification of 

⚫ phenotypically abnormal cells belonging to the B-cell lineage 

⚫ recognition of phenotypes characteristic of separate disease entities. 

⚫ FC can also be used to 
1. identify expression of targets for potential antibody-directed therapy (i.e. CD20) 

2. provide some additional prognostic information such as CD38 and ZAP-70 in 
(CLL/SLL). 

3. To evaluate, following therapy, minimal residual disease. 
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Reagents of clinical utility in the evaluation of mature B-cell 

lymphoid neoplasms

Reagent Normal distribution of staining
Clinical utility in mature B-cell 

lymphoid malignancy
Comments

CD5 T cells and minor B-cell subset. Expression on B cells: CLL, MCL. -

CD10

Immature T cells and B cells, subset of 

mature T cells and B cells, and 

neutrophils.

Germinal center–like phenotype: FL, 

DLBCL, BL. Frequently in ALL.
-

CD19

All B cells, including lymphoblasts, 

mature B lymphoid cells, and most 

plasma cells.

Indicates B-cell lineage. 

May demonstrate abnormal intensity 

in B-cell neoplasms. 

Usually absent in PC neoplasms.

Aberrant expression 

on myeloid cells in 

AML or MDS.

CD20

Acquired during maturation of precursor 

B cells (hematogones). 

Mature B-lymphoid cells positive.

Absent on most BM PC. 

Minor T-cell subset.

Supports B-cell lineage. Intensity 

often differs between subtypes: 

CLL/SLL dim, FL brighter. Aberrant 

expression on ALL or PCN.

Present on T-cell 

lymphoid neoplasms.

CD45

All B cells (weaker intensity on 

precursors and PC), all T cells (weaker 

intensity on precursors).

Useful in distinguishing mature 

lymphoid neoplasms (bright intensity) 

from ALL and PCN (weak intensity to 

negative).

-

sK and sl Mature B cells. Ig light chain restriction. -

initial evaluation

Craig FE, Foon KA. Blood 2008;111:3941-3967
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Reagents of clinical utility in the evaluation of mature B-cell 

lymphoid neoplasms

Reagent Normal distribution of staining
Clinical utility in mature B-cell 

lymphoid malignancy
Comments

CD9
Precursor B cells, activated T cells, 

platelets.
Precursor B-cell ALL. —

CD11c Some B cells, some T cells. Hairy cell leukemia CD11c (+ br.)
Frequent weaker  expression 

on CLL, MCL and others.

CD15 Myeloid and monocytic cells.
May be aberrantly expressed in B-

cell neoplasia.

More frequently seen in ALL 

than in mature neoplasm.

CD22

Cytoplasmic expression in early B 

cells. Surface expression acquired 

during maturation of precursor B 

cells.

Indicates B-cell lineage in ALL and 

mature lymphoid neoplasms. 

Intensity often differs between 

subtypes of mature B-cell 

neoplasm: CLL/SLL dim.

Cross reactivity of some 

clones with monocytes and  

basophils.

CD23

Weak intensity expression on 

resting B cells and increased with 

activation.

Distinguish CD5+B-cell lymphoid 

neoplasms: CLL/SLL ( + br).
-

CD25 Activated B cells and T cells.
Hairy cell leukemia in combination 

with CD11c and CD103.
-

secondary evaluation

Craig FE, Foon KA. Blood 2008;111:3941-3967
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Reagents of clinical utility in the evaluation of mature B-cell 

lymphoid neoplasms

Reagent Normal distribution of staining
Clinical utility in mature B-cell 

lymphoid malignancy
Comments

CD79a & b

Cyt staining in precursor B cells, 

PCs positive, variable 

expression mature B cells.

Indicates B-cell lineage in ALL and

mature lymphoid neoplasms.

Intensity often differs between

subtypes of mature B-cell

neoplasm: CLL/SLL dim CD79b.

CD79a staining has been

reported in some T-ALL and

rare mature T-cell lymphoid

neoplasms

CD103 B-cell subset, intramucosal T cells. Hairy cell leukemia and some MZL. Also EATCL.

FMC7 B cells.

Distinguish CD5 lymphoid 

neoplasm: CLL, MCL

often positive. Also HCL.

Bcl-2
T cells, some B cells; negative 

normal germinal center cells.

Distinguish CD10 lymphoid 

neoplasms: FL, BL.
Variable staining in DLBCL.

cyK and cyl Plasma cells.
Light chain restriction in cells with 

plasmacyticdifferentiation.

Most FC assays

detect sIg and cyIg.

Zap-70 T cells, NK cells, precursor B cells.

TdT B-cell and T-cell precursors. ALL Also some AML

cIgM

First Ig component in precursor B 

cells. Expressed by subset of 

PC and mature B cells.

IgM producing neoplasms that 

might be associated with

Waldenstrom macroglobulinemia

secondary evaluation

Craig FE, Foon KA. Blood 2008;111:3941-3967
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Identification of abnormal mature B-lymphoid 

cells

⚫ Neoplastic mature B-lymphoid cells can be 

distinguished from normal cells by the identification 

of 2 main types of phenotypic abnormalities: 

⚫ immunoglobulin light chain class restriction 

⚫ aberrant antigen expression.
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Ig light chain class restriction

⚫ In contrast to most normal and reactive populations, neoplasms of 

mature B cells usually represent a single clone of cells that express 

only one class of Ig light chain (ie, kappa or lambda). 

⚫ It should not be assumed that Ig light chain class restriction is 

synonymous with monoclonality or is by itself diagnostic of neoplasia. 

⚫ The results of FC immunophenotyping should be interpreted 

in conjunction with other clinical, morphologic, and 

sometimes genotypic data.



B-Cell Lymphoproliferative Disorders

⚫ Normal/reactive B-cells in PB, BM, and lymphatic tissue are polyclonal 
with an average k/l ratio of 1.5 (range 0.9–3).
⚫ An increase of polyclonal B-cells in blood, called the persistent polyclonal B-cell lymphocytosis (PPBL) 

is characterized by a chronic, stable, persistent, and polyclonal increase of B-cells (median 5 × 109/L), 
the presence of binucleated lymphocytes in the PB, and a polyclonal increase in serum 
immunoglobulin-M (IgM). 

⚫ Most patients are asymptomatic but isochromosome 3q and development of malignant lymphoma has 
been described in some cases.

⚫ B-cell malignancies are clonal expansions of B-cells that express only 
one type of Ig light chain (k or l). 

⚫ Analysis of light chain expression in total B-cell population and in 
CD5/CD19 or CD10/CD19 positive cells forms the basis for B-cell 
lymphoma diagnosis. 
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B-cells identified by gating the CD19+ events

De Tute RM. Histopathology 2011, 58, 90–105

CD19 is expressed at all stages of B-cell development from progenitor to plasma cell.

Plot B shows that the gated cells do indeed consist of a mixture of Kappa positive and 

Lambda positive mature B-cells and surface immunoglobulin negative B-cell progenitors.
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Monoclonal populations in samples of 

lymphomas

De Tute RM. Histopathology 2011, 58, 90–105

Plot A: a kappa positive neoplasm and no normal B-cells remain. 

Plot B: although there are some normal polyclonal cells still present, there is still an 

obvious lambda positive population.
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Small monoclonal populations can be hidden in a normal 

polyclonal background.

De Tute RM. Histopathology 2011, 58, 90–105
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Ig light chain class restriction

⚫ Interpretation of staining for kappa and lambda Ig light chains can be made more difficult by the 

presence of nonspecific staining. 

⚫ Nonspecific (cytophilic) binding of antibodies can occur through association with Fc receptors and 

adherence of antibody to “sticky” cells, including damaged or dying cells.

⚫ Binding of antibodies to non–B cells can be excluded by evaluating only cells that express one 

or more B-lineage–associated antigens: 

⚫ for example, by gating on CD19 or CD20 cells. 

⚫ Nonspecific staining can also be minimized by incubation of cells with a blocking reagent such 

as immune sera prior to staining with anti–light chain antibodies. 

⚫ Blocking can be used if nonspecific staining is encountered using conventional staining 

techniques or in situations where nonspecific staining is frequently encountered, for instance 

in the evaluation for hairy cell leukemia (HCL).
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Ig light chain class restriction

⚫ Another issue in the FC laboratory is apparent lack of 

staining for sIg. 

⚫ To avoid false-negative results due to soluble antibody 

interfering with the binding of detection antibody, it is 

important to include an initial wash step for Fc tubes 

containing anti-Ig antibodies. 



B-cell Chronic Lymphatic Leukemia

⚫ The characteristic immunophenotype of chronic lymphatic 
leukemia (CLL) includes positivity for CD19, CD5, CD23, and 
CD200, weak expression of CD20 and Ig light chains, and 
often expression of IgM with or without IgD. 

⚫ FMC7 is negative or only partially expressed in most cases; 
CD79b and CD22 are absent or weakly expressed in the cell 
membrane. 

⚫ CD11c, CD25, and other markers that recognize adhesion 
molecules are variably positive in CLL.



17

CLL

Matutes et al Best Practice & Research Clinical Haematology 20, 367–384, 2007



B-Cell Lymphoproliferative Disorders

⚫ An issue that may cause diagnostic problems is the demonstration of small 
monoclonal B-cell populations in the BM samples taken during investigations 
for staging of lymphoma. 

⚫ As FCM sensitivity increases, it becomes more likely that small abnormal 
populations are detected; how these relate to the neoplastic cells found in 
other organs is not clear. In some cases a clonal relationship to the 
diagnostic lymphoma sample has been demonstrated.

⚫ However, if the histopathologic signs of lymphoma involvement are missing, 
these cells may represent sc. monoclonal B-cell lymphocytosis (MBL). 
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Monoclonal B-cell lymphocytosis

⚫ Chronic lymphocytic leukemia (CLL) and the other low-grade non-Hodgkin lymphomas are 

among the most common lymphoid malignancies. 

⚫ More than 4% of the general population over age 40 harbor a population of clonal B cells with 

the phenotype of either CLL or another B-cell malignancy, a condition now designated 

monoclonal B-cell lymphocytosis (MBL). 

⚫ Although all cases of CLL appear to be preceded by MBL, the majority of individuals with MBL 

will not develop a hematologic malignancy. 

⚫ The biologic characteristics and clinical implications of MBL appear to differ based on whether 

it is identified during the diagnostic evaluation of lymphocytosis or incidentally discovered 

through screening of individuals with normal lymphocyte counts as part of research studies 

using highly sensitive detection methods. 



Monoclonal B-cell Lymphocytosis

⚫ Monoclonal B-cell lymphocytosis (MBL) is an asymptomatic 
hematologic condition defined by the presence of 
monoclonal B-lymphocytes detected in PB of persons who 
do not have CLL, other B-lymphoproliferative disorders, or 
underlying conditions such as infectious and autoimmune 
diseases.

⚫ Initial criteria have been based on detection of a monoclonal 
B-cell population in the PB with an overall k:l ratio >3:1 or 
0.3:1, or >25% of B-cells lacking or expressing low-level 
surface Ig in conjunction with a specific phenotype.



Monoclonal B-cell Lymphocytosis

⚫ Three different types of MBL have been described, 
defined on the basis of CD19 positivity, CD5 presence 
or absence, and CD20 intensity. 
⚫ The most common MBL type is the CLL-like MBL that co-express 

CD19 and CD5, and CD23 with dim expression of CD20. 

⚫ The second type is similar to CLL but shows bright CD20 expression. 

⚫ B-cells in the third type of MBL do not express CD5; these are 
classified as CD5-MBL or non-CLL-like MBL.
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Role of absolute B-cell count in MBL and 

immunophenotype patterns

The 3 major immunophenotypic patterns seen in MBL.

Blood 2011;118:6480



Monoclonal B-cell Lymphocytosis

⚫ Studies performed using four-color FCM with a sensitivity of detection 
commonly used for detection of MRD in patients with CLL (1 clonal cell per 1 
× 105 events) showed a 5% prevalence of CLL-like MBL in adults aged over 
60.

⚫ A more recent study, using a much higher sensitivity of FCM, analyzed 5 ×
106 PB cells per individual and identified CLL-like MBL in 12% of all tested 
subjects and in 20% of adults over 60 years old.

⚫ Finding of peripheral MBL should always be correlated with clinical data and 
interpreted in the absence of peripheral lymphadenopathy, splenomegaly, 
and extensive lymphatic bone marrow infiltrates.
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MBL

TD Shanafelt, Leukemia (2010) 24, 512–520

a. Where possible, repeat assessment should show 

the monoclonal B-cell population is stable over 3-

month period.

b. In the absence of a disease-specific 

immunophenotype, a highly skewed kappa:lamda 

can be the result of a reactive process.
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Prevalence of CLL-like MBL in population studies

TD Shanafelt, Leukemia (2010) 24, 512–520

from a biological point of view, 

MBL detected in clinical practice (‘clinical MBL’) may be more similar to frank CLL 

than MBL detected on population screening (‘population screening MBL’).
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Recommendations for evaluation and follow-up of MBL in 

routine practice

TD Shanafelt, Leukemia (2010) 24, 512–520
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Rawstron et al N Engl J Med 2008;359:575-83.
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Distinguishing between MBL, CLL and SLL

TD Shanafelt, Leukemia (2010) 24, 512–520
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MBL and clinical MBL

The cumulative percentage of cases according to the absolute number of clonal B-cells for studies of 

individuals from the general population with a normal blood count (dotted line) and from series of individuals 

referred for clinical hematology investigations usually with a current or prior lymphocytosis (solid line). 

The clonal B-cell count in CLL-type MBL shows a marked difference in cases from population studies (median 

1 clonal B-cell per mL with 95% of cases having less than 56 clonal B-cells per mL highlighted by the white 

background) compared to clinical hematology series (median 2,939 clonal B-cells per mL with 95% of cases 

having more than 447 clonal B-cells per lL highlighted by the dark grey background). Very few cases from 

either series have a clonal B-cell count within the same range as polyclonal B-cell levels in individuals with no 

detectable abnormal B-cells (light grey background).



30

Aberrant B-cell antigen expression.

⚫ FC immunophenotyping can be used to identify deviations from the 

normal pattern of B-cell antigen expression. 

⚫ One type of phenotypic aberrancy is the presence of antigens not 

normally expressed by B cells (eg, myeloid antigens CD13 or CD33). 

⚫ Aberrant expression of myeloid antigens is found less frequently in 

mature B-cell lymphoid neoplasms than in ALL. 

⚫ Although it has been reported infrequently in mature lymphoid 

neoplasm, aberrant myeloid antigen expression is perhaps most 

often found in lymphoplasmacytic lymphoma (LPL). 
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Aberrant B-cell antigen expression.

⚫ CD5 expression on B cells is often referred to as an aberrant 

phenotype, but small populations of normal, mature CD5 B cells exist. 

⚫ Nonneoplastic CD5 B cells are found most often in the PB, but may also be seen in 

lymph node specimens, especially in pts with autoimmune disease. 

⚫ CD5 expression has also been reported in a subset of normal BM B-cell precursors 

(hematogones). 

⚫ interpretation of CD5 expression by B cells requires evaluation for other 

abnormalities, including Ig light chain restriction and altered intensity staining for 

CD20, CD22, and CD79b.
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Typical immunophenotype of CLL.

De Tute RM. Histopathology 2011, 58, 90–105
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Aberrant B-cell antigen expression

⚫ Another type of phenotypic aberrancy is abnormal expression of antigens not typically 

present in a subset of B cells belonging to a distinct biologic compartment (eg, detectable 

bcl-2 expression on CD10 B cells). 

⚫ Normal germinal center B cells and hematogones are both CD10pos and bcl-2neg, 

whereas bcl-2 is expressed by most other B-cell subsets. 

⚫ Abnormally increased bcl-2 expression can be found in most FL, some DLBCL, and 

some B-lineage ALL. 

⚫ Burkitt lymphoma is usually CD10+ and bcl-2-. 

⚫ More subtle phenotypic aberrancies include alteration in intensity of staining for B-

lineage–associated antigens.

⚫ FL often demonstrates decreased intensity staining for CD19 and brighter intensity for 

CD10, which can help in the distinction from normal follicular germinal center cells.
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Immunophenotyping of follicular lymphoma.

BCL2 expression can be used to 

distinguish between normal 

mature B-cells (shown in blue), 

B-cell progenitors (in green) and 

follicular lymphoma cells (in red).

De Tute RM. Histopathology 2011, 58, 90–105
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False-negative flow cytometric evaluation

⚫ Occasionally, flow cytometric evaluation fails to detect an abnormal 

population of B cells in a specimen involved by a B-cell lymphoid 

neoplasm.

⚫ There are several possible explanations.

1. Sampling error. 

2. Cell loss during processing

3. Paucity of neoplastic cells.

4. Difficult-to-identify cell populations
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Sampling error

⚫ Allocation of appropriate material for flow cytometric studies is 

rarely an issue in liquid specimens, but becomes essential for 

tissue samples because the infiltrate of interest might not involve 

the entire specimen. 

⚫ Therefore, fresh tissue should be evaluated, such as with touch 

preparations, to identify representative areas to allocate for flow 

cytometric and other testing.
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Cell loss during processing

⚫ The frequency of cell loss during processing for flow cytometric studies varies 

with the type of cells present and the procedure used to process the 

specimen. 

⚫ Large lymphoid cells and plasma cells appear to be more easily lost during 

processing, particularly following manual disaggregation of tissue specimens. 

⚫ Comparison of smears or touch imprints prepared from the fresh specimen 

with a cytospin prepared from the cell suspension after processing can help 

to confirm the presence of the cells of interest.
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Paucity of neoplastic cells

⚫ Some tumors contain relatively few neoplastic cells, such as the T 

cell/histiocyte–rich variant of DLBCL, or include many admixed reactive B 

cells, such as MZL.

⚫ Although, it is important to acquire enough events to detect small populations 

of abnormal cells, most clinical laboratories have not routinely acquired the 

500 000 to 1 million events usually required for MRD detection, primarily 

because of time constraints. 

⚫ More frequently, clinical laboratories acquire 30 000 to 100 000 events with 

acknowledgment of the limitations of routine clinical flow cytometric testing.
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Difficult-to-identify cell populations

⚫ Populations of abnormal B cells may be present but not recognized on FC 

immunophenotypic studies. 

⚫ Examples of populations that are easily overlooked include 

⚫ B cells that are negative for CD20, such as may be seen following therapy with rituximab 

anti-CD20 MoAb therapy, 

⚫ B cells lacking demonstrable sIg. 

⚫ The following strategies can be used to avoid overlooking elusive populations: 

⚫ perform a basic evaluation of all cell types present in the specimen, not just those that are 

CD20; 

⚫ evaluate more than one B cell–associated antigen such as CD19, CD20, CD22, or CD79; 

⚫ thoroughly assess all B-cell populations for phenotypic aberrancies, including cells lacking 

staining for sIg
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Examples of immunophenotypes for some of the most commonly seen 

mature B cell neoplasms

De Tute RM. Histopathology 2011, 58, 90–105
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Role of flow cytometric immunophenotyping in the

classification of mature B-cell lymphoid neoplasms

⚫ it is useful to consider 4 broad groups as determined by their expression of 

CD5 and CD10: 

⚫ CD5+/CD10-

⚫ CD5-/CD10+ 

⚫ CD5+/CD10+

⚫ CD5-/CD10-

⚫ For each group, additional flow cytometric data in combination with the 

morphology can narrow down the diagnostic possibilities and direct the use 

of additional ancillary studies
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FC approach to the diagnosis and classification of B-cell lymphoid 

neoplasms: CD5pos CD10neg

DISEASE Distinguishing phenotypic 

features

Additional diagnostic 

information

Chronic Lymphocytic 

Lymphoma

Typical phenotype: CD20(d), CD22(d), sIg(d), 

CD23+, FMC-7-

Characteristic morphology

Mantle Cell lymphoma Variable phenotype not typical for CLL;

often CD20(i), sIg(i), CD23+/-, FMC-7+/-

Cyclin-D1 IHC, t(11;14)/CCND 

rearrangement

Prolymphocytic 

leukemia

Variable phenotype, may overlap with CLL

and MCL CD20(i), sIg(i), FMC-7+/-, CD5+/-

Large cells prominent nucleoli; 

exclude blastic MCL

Marginal Zone B-cell 

Lymphoma

Variable phenotype, not typical for CLL:

CD23+; often CD11c+/-, CD103+/- but not

typical for HCL, sometimes cIg only

Growth around and into follicles,

may demonstrate plasmacytic

differentiation, t(11;18), t(1;14),

t(14;18)/MALT-1 rearrangement

Difuse Large B-cell 

Lymphoma

Variable phenotype Large cells, diffuse growth 

pattern; consider Richter 

transformation CLL and MCL

Lymphoplasmacytic 

lymphoma

Phenotype not typical for CLL, 

often CD23(-/d), sometimes sIg- but cIg+

Small cells, subset with

plasmacytic differentiation

Primarily PB and BM

Craig FE Foon KA. Blood 2008;111:3941-3967
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FC in CLL

FC dot plots from a CLL gating on the CD19+ cell 

population. The majority of CD19þ cells are CD5+, 

CD23+, CD22+ and dim CD20, weak kappa+, and are 

negative with FMC7, CD79b and T-cell markers (CD2, 

CD4 and CD8). 

CD38 is strongly expressed in the CLL cells.

Matutes E, et al Best Practice & Research Clinical Haematology 23 (2010) 3–20
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Immunophenotypic score.

marker Points

1 0

CD5 Positive Negative

CD23 Positive Negative

FMC7 Negative Positive

sIg Weak Moderate/strong

CD22/CD79b Weak/negative Moderate/strong

Scores in CLL range from 3 to 5 while in the other B-cell disorders are 0-2

Matutes E, et al Best Practice & Research Clinical Haematology 23 (2010) 3–20



Mantle Cell Lymphoma

⚫ Mantle cell lymphoma (MCL) cells typically express bright CD20, 
CD5, FMC7, and bright to moderate sIg but lack CD23 and 
CD200.

⚫ However, MCL cases positive for CD23 and negative for FMC7 as 
well as rare CD5 negative cases have been found.

⚫ Therefore, confirmation of MCL diagnosis by FISH for t(11,14) is 
recommended. 

⚫ Cyclin D1 expression can also be detected by FCM 89 but this 
method is not routinely applied in most diagnostic laboratories.
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Mantle cell lymphoma.

Histologic section from a  submandibular gland biopsy 

specimen demonstrating an abnormal diffuse infiltrate 

of small to intermediate-size

lymphoid cells. Several mitotic figures are present. 

Hematoxylin & eosin stain, magnification x 40.

Cyclin-D1 paraffin section immunohistochemical 

stain, demonstrating many positive cells with 

characteristic nuclear staining; magnification x 40.

Craig FE Foon KA. Blood 2008;111:3941-3967
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Mantle cell lymphoma.

Representative FC dot plots with population 

of interest highlighted in green: CD19 

versus CD5 demonstrates CD5 B-cell 

population with weak intensity staining for 

CD19; 

FMC-7 versus CD5 demonstrates positivity 

for FMC-7;

CD20 versus kappa and CD20 versus 

lambda demonstrate moderate intensity 

staining for CD20 and kappa 

immunoglobulin light chain restriction. In 

addition, B cells were CD10- and CD23-.

Craig FE Foon KA. Blood 2008;111:3941-3967
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Mantle cell lymphoma.

FISH demonstrating the IGH/CCND1 [t(11,14)(q13;q32)] 

rearrangement. Hybridization with the LSI IGH/CCND1-XT 

dual color, dual fusion DNA probe demonstrates 

- one green signal from the unrearranged chrom. 14q32, 

- one red signal from the unrearranged 11q13, 

- 3 fusion signals: 

- one from the derivative chrom 11, 

- one from the derivative chrom 14, and 

- an extra signal suggesting the presence of an 

additional copy of all or part of one of the 

derivative chromosomes involved in the 

IGH/CCND1 rearrangement.

Craig FE Foon KA. Blood 2008;111:3941-3967
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Use of CD200 to discriminate CLL from MCL

De Tute RM. Histopathology 2011, 58, 90–105

Plot A shows gated B-cells from a BMA sample involved with CLL. The cells demonstrate expression of 

CD23 and CD200. Plot B displays B-cells from a patient with MCL. The cells have a typical MCL 

phenotype and are negative for both markers. CD200 is extremely useful in cases of MCL which exhibit 

atypical CD23 expression.

CLL MCL
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CD200: CLL vs MCL

Palumbo et al. Leukemia Research 33 (2009) 1212–1216

CLL CLL

MCL MCL
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FC approach to the diagnosis and classification of B-cell lymphoid 

neoplasms: CD5neg CD10pos

DISEASE Distinguishing phenotypic 

features

Additional diagnostic 

information

Follicular lymphoma Usually bcl-2+, CD43- Some follicular growth,

t(14;18)/BCL-2 rearrangement

Diffuse large B-cell 

lymphoma

Variable phenotype, bcl-2+/-, CD43+/- Large cells, diffuse growth pattern

Burkitt lymphoma Usually bcl-2-,CD10(+b), CD43+ Uniform intermediate size cells; MYC 

rearrangement, 

Ki-67 approximately 100%

Hairy cell leukemia Typical phenotype: CD20(b),

CD22(b), CD11c(b), CD25+, 

CD103+, sIg(i), CD123+

Characteristic morphology; Annexin-

A1+

Craig FE Foon KA. Blood 2008;111:3941-3967



Follicular Lymphoma

⚫ The follicular lymphoma (FL) cells usually express sIg, more 
frequently IgM +/−IgD than IgG or rarely IgA, together with B-cell–
associated antigens (CD19, CD20, CD22, CD79a, and CD79b), 
and in most cases CD10. Expression of CD19 and CD22 is often 
weaker than in normal B-cells.

⚫ FL cells are usually CD5−, CD43–, and CD23−/+, CD11c−/+. The 
weaker expression of CD38 helps to differentiate FL cells from 
CD10 positive B-cell precursors.



Hairy Cell Leukemia and Hairy Cell 

Leukemia Variant

⚫ Both hairy cell leukemia (HCL) and HCLv strongly express 
CD103, CD11c, CD20, CD22, CD19, and are negative for CD5, 
CD23, and in most cases negative for CD38.

⚫

⚫ HCL cells are often large (can be found in the monocyte region) 
and are positive for CD25 and CD123 in contrast to HCLv cells 
that are smaller and CD25 negative.
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Differential diagnosis for HCL

Grever Blood. 2010;115:21-28)

Reticulin staining
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Immunophenotype of typical HCL

De Tute RM. Histopathology 2011, 58, 90–105
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HCL immunological variants

Am J Clin Pathol 2006;125:251-259 CD103 neg

CD25 neg
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HCL immunological variants

CD10 pos
CD23 pos

Am J Clin Pathol 2006;125:251-259



BRAF Mutations in Hairy-Cell Leukemia

59

N Engl J Med 2011;364:2305-15.
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FC approach to the diagnosis and classification of B-cell lymphoid 

neoplasms: CD5pos CD10pos

DISEASE Distinguishing phenotypic 

features

Additional diagnostic 

information

Follicular lymphoma Usually bcl-2+, CD43- Some follicular growth, t(14;18)/BCL-

2 rearrangement

Diffuse large B-cell 

lymphoma

Variable phenotype, bcl-2+/-, CD43+/- Large cells, diffuse growth pattern

Mantle cell 

lymphoma

Variable phenotype not typical for 

CLL; often CD20(i), sIg(i), CD23+/-, 

FMC-7+/-

Cyclin-D1 IHC, 

t(11;14)/CCND rearrangement

Burkitt lymphoma Usually bcl-2-, CD10(b), CD43+ Uniform intermediate size cells; 

MYC rearrangement, 

Ki-67 approximately 100%

Craig FE Foon KA. Blood 2008;111:3941-3967
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FC approach to the diagnosis and classification of B-cell lymphoid 

neoplasms: CD5neg CD10neg

DISEASE Distinguishing phenotypic 

features

Additional diagnostic 

information

Hairy cell leukemia Typical pheotype: CD20(b), CD22(b), 

CD11c(b), CD25+, CD103+, sIg(i)

Confirm characteristic morphology

Marginal zone B-cell 

lymphoma

Often CD11c+/-, CD103+/- but not

typical for HCL, sometimes sIg- but 

cIg+

Growth around and into follicles, 

maybe plasmacytic t(11;18), t(1;14), 

t(14;18)/MALT-1 rearrangement

Diffuse large B-cell 

lymphoma

Variable phenotype Large cells, diffuse growth pattern

Follicular lymphoma 

CD10-

Variable phenotype Some follicular growth, 

t(14;18)/BCL-2 rearrangement

Mantle cell 

lymphoma CD5-

Variable phenotype Cyclin-D1 IHC, 

t(11;14)/CCND rearrangement

Craig FE Foon KA. Blood 2008;111:3941-3967
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Immunophenotypic information of additional prognostic 

value in mature B-cell lymphoid neoplasms

⚫ Expression of CD38 and ZAP-70, as determined by FC, has been 

reported to have prognostic significance in CLL/SLL.

⚫ Although CD38 expression was initially thought to correlate with 

unmutated status of the Ig heavy-chain variable region gene 

(IgVH), subsequent studies demonstrated a significant number of 

discordant results.
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CD38 in CLL

⚫ CD38 expression is an independent marker of a poor prognosis in CLL/SLL.

⚫ Most studies use 30% as cut-off for positivity (in some studies 20%)

⚫ The following factors can make determination of the percentage of CD38 
cells difficult: 

⚫ a spectrum of intensity for CD38 staining without clear distinction between 
positive and negative populations, 

⚫ differences in intensity that derive from the fluorochrome, 

⚫ bimodal staining with the presence of positive and negative cells in the 
same sample, 

⚫ differences in staining between tissue sites such as PB and BM, 

⚫ changes in CD38 expression during the course of the disease and with 
therapy.
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CLL and CD38

Damle RN et al, Blood 1999:94:1840
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CLL: Survival according to CD38 and IGHV status

Damle RN et al, Blood 1999:94:1840
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ZAP-70

⚫ ZAP-70 was identified in a search for genes that are differentially 

expressed in CLL/SLL with mutated and unmutated IgVH.

⚫ Although the initial FC study of ZAP-70 expression in CLL/SLL 

demonstrated a strong association of ZAP-70 expression on greater than 

20% of CLL/SLL cells with unmutated IgVH, subsequent studies have 

demonstrated a higher number of discordant pts. 

⚫ Some studies have suggested that in these discordant patients, 

ZAP-70 staining is the best indicator of prognosis in CLL/SLL.
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Crespo NEJM 2003:348:1764
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Disease progression and overall survival 

according to ZAP70

Crespo NEJM 2003:348:1764
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ZAP-70: technical difficulties 

⚫ Weak intensity staining for ZAP-70. 
⚫ The intensity of staining is relatively weak, making it difficult to distinguish positive and negative cells. 

⚫ ZAP-70 is localized in the cytoplasm, and therefore detection requires cell permeabilization 
techniques.

⚫ Nonspecific staining related to the Ab and permeabilization procedure. 

⚫ Decrease in staining over time. 
⚫ ZAP-70 expression appears to be labile and sensitive to different anticoagulants (EDTA < 24h). 

⚫ What to call positive. 
⚫ Consensus has not been reached on the optimal method for ZAP-70. 

⚫ The original FC study of ZAP-70 staining in CLL/SLL used the normal staining of T cells within the 
specimen to determine the lower limit for positive ZAP-70 staining. However, T cells demonstrate 
some variability in staining intensity for ZAP-70 within a specimen and between samples.

⚫ Because CLL/SLL cells often demonstrate a narrow range of staining for ZAP-70, small differences in 
the position of the cursor used to divide cells designated as positive and negative can make a large 
difference in the percent of ZAP-70 CLL/SLL cells. 
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CD38 and ZAP 70 in early CLL

Pepper BJH 2011;156:499
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IGHV and genetics in early CLL

Pepper BJH 2011;156:499
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Reagents of clinical utility in the evaluation of myeloid 

and monocytic neoplasms

Reagent
Normal distribution of 

staining
Clinical utility Comments

CD11b
Maturing neutrophils and 

monocytes, some lymphoid cells.

May be aberrantly expressed in 

AML, MDS, and MPD.

CD13 Neutrophilic and monocytic cells.

Indicator of neutrophilic and 

monocytic lineage in AL. 

May be aberrantly expressed in 

AML, MDS, and MPD.

CD14 Monocytes.
Indicator of monocytic 

differentiation.

Not a sensitive 

marker of 

immature 

monocytes.

CD15
Maturing neutrophilic cells and 

monocytes.

May be aberrantly expressed in 

AML, MDS, and MPD.

CD16
Maturing neutrophilic cells, 

monocytes and NK cells.

May be aberrantly expressed in 

AML, MDS, and MPD.

Craig FE Foon KA. Blood 2008;111:3941-3967

initial evaluation
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Reagents of clinical utility in the evaluation of myeloid 

and monocytic neoplasms

Reagent
Normal distribution of 

staining
Clinical utility Comments

CD33 Neutrophilic and monocytic cells
May be aberrantly expressed in AML, 

MDS, and MPD.

Some normal variability in 

intensity of expression.

CD34
B-cell and T-cell precursors and 

myeloblasts.

Identification and enumeration of 

blasts

Not all blasts 

are CD34

CD45

All B cells (weaker intensity on

precursors and PC), all T cells

(weaker intensity on precursors)

Identification of blasts (CD45 gating

often with low orthogonal (side) light

scatter).

CD56 CD56 NK cells and NK-like T cells
May be aberrantly expressed in AML, 

MDS, and MPD.

Low level of expression on 

regenerating normal 

neutrophilic and monocytic 

cells and with growth factor 

stimulation.

CD117
Immature neutrophilic cells and 

mast cells.

Identification myeloblasts and mast 

cells.

May be present in MM and

some T-cell neoplasms.

HLA-DR
Myeloblasts, monocytes, all B 

cells, activated T cells.

Identification of promyelocytes, such

as in APL. May be aberrantly

expressed in AML, MDS, MPD.

Non-APL AML may also be 

negative.

Craig FE Foon KA. Blood 2008;111:3941-3967

initial evaluation
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Reagents of clinical utility in the evaluation of myeloid 

and monocytic neoplasms

Reagent
Normal distribution of 

staining
Clinical utility Comments

CD2 T cells, NK cells.

May be aberrantly expressed in AML 

(some association with inv16) and in 

systemic mastocytosis.

CD4
T-cell subset, monocytic. Often positive in AML, particularly

with monocytic differentiation.

Also mature T-cell neoplasms

and hematodermic neoplasms

CD7 T cells and NK cells.
May be aberrantly expressed in AML, 

MDS, and MPD.

CD25 Activated B cells and T cells.
May be aberrantly expressed in 

systemic mastocytosis.

Reported association with 

BCR/ABL ALL.

CD36
Monocytes, erythroid cells,

megakaryocytes and platelets. 

When combined with CD64 is a more 

sensitive marker of monocytic

differentiation than CD14.

CD38

Precursor B cells (hematogones), 

normal follicle center B cells,

immature and activated T cells, 

PC (bright intensity), myeloid and 

monocytic cells, and erythroid 

precursors.

Identification of early BM progenitor 

cell populations for further

evaluation of phenotypic

abnormalities

Craig FE Foon KA. Blood 2008;111:3941-3967

secondary evaluation
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Reagents of clinical utility in the evaluation of myeloid 

and monocytic neoplasms

Reagent
Normal distribution of 

staining
Clinical utility Comments

CD41
Megakaryocytes and platelets. Megakaryocytic differentiation.

May detect nonspecific binding of 

plt proteins to other cells such as 

monocytes.

CD61 Megakaryocytes and platelets. Megakaryocytic differentiation.

May detect nonspecific binding of 

plt proteins to other cells such as 

monos. Sometimes combined with 

CD42b to distinguish pls from bl

cCD61 Megakaryocytes and platelets. Megakaryocytic differentiation.
May demonstrate fewer problems 

with adherence of plt proteins.

CD64
Monocytes and intermediate 

neutrophilic precursors.

Identification of monocytic 

differentiation. May be aberrantly 

expressed in AML, MDS, and MPD.

Gained on mature neutrophils with 

sepsis.

CD71

Erythroid precursors (bright), 

myeloid, activated

lymphoid, proliferating cells.

Identification of immature rythroid 

cells. Possibly expressed in MDS.

cMPO Neutrophilic and monocytic cells.
Indicator of myeloid 

differentiation.

In contrast to cytochemical stain, 

measures the presence of antigen, 

not enzyme activity.

Craig FE Foon KA. Blood 2008;111:3941-3967

secondary evaluation
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Reagents of clinical utility in the evaluation of myeloid 

and monocytic neoplasms

Reagent
Normal distribution of 

staining
Clinical utility Comments

CD117
Immature neutrophilic cells and 

mast cells.
Identification myeloblasts.

May be expressed by cells more 

mature cells than blasts.

CD123

Monos, neutrophils, basophils, 

megakaryocytes,plasmacytoid 

dendritic cells (bright).

Identification of hematodermic 

neoplasms. Positive some AML, 

especially with monocytic 

differentiation.

Plasmacytoid DC may be increased 

in some reactive conditions such 

as Castleman disease and Kikuchi 

lymphadenitis and in association 

with MPD.

CD163 Monocyte, macrophage.
Indicator of monocytic 

differentiation

CD235a Erythroid precursors. Indicator of erythroid maturation.
Not present on some immature 

erythroid precursors.

Craig FE Foon KA. Blood 2008;111:3941-3967

secondary evaluation
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Classificazione WHO 2016 delle leucemie acute mieloidi e 

delle neoplasie correlate
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WHO classification of myeloid neoplasms and acute leukemia
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Diagnosi di LAM

⚫ La dimostrazione di un accumulo di blasti a livello midollare a causa di un 

blocco differenziativo è la principale caratteristica richiesta per la diagnosi di 

LAM. 

⚫ La diagnosi di LAM nella classificazione FAB, basata sulla citomorfologia e la 

citochimica, veniva posta in presenza di una percentuale di blasti midollari 

maggiore del 30%. 

⚫ L’attuale classificazione WHO ha abbassato il livello di blasti per la diagnosi 

di LAM al 20% includendo pertanto molti casi che precedentemente erano 

stati classificati come MDS. 
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LAM: sangue periferico

ASH image bank
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LAM: corpi di Auer

ASH image bank
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Campioni richiesti

⚫ Per poter porre diagnosi di LAM la WHO suggerisce di analizzare i seguenti 

materiali biologici: 

⚫ un campione di sangue periferico e di aspirato midollare cellulato per la 

valutazione morfologica con colorazione di May Grumwald Giemsa o 

similari.

⚫ una biopsia ossea di almeno 1,5 cm di lunghezza in tutti i casi possibili.

⚫ campioni di sangue midollare per lo studio citogenetico, citofluorimetrico, e 

molecolare da condurre in base alle informazioni fornite dai dati clinici, 

morfologici, immunofenotipici e citogenetici.
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Valutazione dei blasti

⚫ La determinazione della % di blasti nel SP e BM viene fatta mediante valutazione 

visiva. 

⚫ La % di blasti deve essere definita valutando, se possibile, 200 cellule nello striscio di SP e 

500 cellule nucleate nell’aspirato midollare.

⚫ Devono essere conteggiati come blasti i mieloblasti, i monoblasti, i promonociti, i 

megacarioblasti (ma non i megacariociti displastici); i promielociti anomali sono da 

considerarsi come “blasti equivalenti” nella leucemia acuta promielocitica.

⚫ I proeritroblasti non devono essere considerati blasti tranne che nella eritroleucemia acuta 

“pura”.

⚫ La valutazione citofluorimetrica del CD34 non deve essere considerate come un 

sostituto del conteggio visivo dei blasti in quanto non tutti i blasti esprimono il CD34.

⚫ Se l’aspirato midollare è povero e/o se è presente fibrosi midollare è necessario 

effettuare una valutazione immunoistochimica sulla biopsia ossea per il CD34 perché 

in questi casi i blasti sono CD34+.
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blasti e promielociti

Aspetti 
cellulari 

Blasto  
non granulato 

Blasto  
granulato 

Promielocito 
normale 

Promielocito  
displastico 

Nucleo Centrale di 

forma 

variabile 

Centrale di forma 

variabile 

Ovale, rotondo, 

indentato  

Centrale od eccentrico 

Ovale, rotondo, 

indentato  

in posizione eccentrica 

Cromatina fine fine Fine od intermedia Fine o grossolana 

Nucleolo 1-2 1.2 Ben riconoscibile Ben visibile 

Zona Golgi Non evidente Non evidente Ben visibile Presente ma poco 

sviluppata 

Granuli Non visibili Presenti (talora 

corpi di Auer) 

Azzurrofili 

uniformemente dispersi 

irregolare presenza e 

distribuzione 

Citoplasmaa basofilo basofilo basofilo Basofilia ridotta ed 

irregolare 

 

Blasto non granulato

Blasti granulati

Haematologica 2008; 93:1712-1717.
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Valutazione della filiera di appartenenza dei blasti

⚫ La citofluorimetria multiparametrica (almeno a 3 o più colori) è raccomandata per 

determinare la filiera di appartenenza come pure per definire il profilo antigenico 

anomalo per lo studio della malattia minima residua. 

⚫ I marcatori di filiera sono: 

⚫ mieloide: anti-MPO, 

⚫ monocitaria (almeno 2 dei seguenti): esterasi non specifiche, CD11c, CD14, CD64, lisozima

⚫ linfoide B: cm, cCD22 e CD79a, 

⚫ linfoide T cCD3, CD3 e anti-TCR.

⚫ La citochimica, MPO o esterasi non specifiche, possono essere di aiuto ma non sono 

essenziali in tutti i casi.

⚫ L’immunoistochimica sulla biopsia può essere di aiuto nel riconoscimento di antigeni 

mieloidi e linfodi.
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Assignment of blast lineage

⚫ Reliable distinction between AML and ALL is important for the selection of 
appropriate therapy. 

⚫ AML usually expresses 
⚫ antigens characteristic of neutrophilic or monocytic differentiation such as CD13, CD15, 

CD33, CD64, CD117, 

⚫ myeloperoxidase. 

⚫ B ALL expresses

⚫ CD19 has the highest sensitivity and specificity for the detection of B-cell 
lineage and 

⚫ CytCD22 is also a sensitive and specific B-lineage marker, 

⚫ surface CD22 staining is often weak

⚫ T ALL expresses

⚫ cyt CD3. 
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Classificazione immunologia delle leucemie 

acute mieloidi (EGIL 1995)

1. filiera mielomonocitaria*: anti MPO+, CD13+, CD33+, CD65+, CD117+

2. filiera eitroide (eritroide pura M6): 
• precoce/immatura: non classificabile con marcatori immunologici 

• tardiva/matura: antiglicoforina A+

3. Filiera megacariocitaria (M7): CD41+ e/o CD61+ (di membrana o 

citoplasmatici)

4. mieloide precoce (M0)(definito solo sulla base di marcatori immunologici): 

fenotipo come per le LAM mielomonocitiche ma con citochimica e marcatori 

linfoidi specifici negativi: CD3, CD79a, CD22)

5. LAM TdT+

6. LAM con espressione di antigeni linfoidi (LAM Ly+)

*positiva per almeno 2 marcatori mieloidi
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MPO
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Classificazione immunologia della LAL (EGIL 1995) 

Marcatori

LAL filiera B FAB CD34 CD19 cCD22 CD79a HLA-DR CD10 cm Sig

Pro-B (B1) L1, L2 + + + + + - - -

B-comune (B2) L1, L2 +/- + + + + + - -

Pre-B (B3) L1 - + + + + +/- + -

B-matura (B4) L3 - + + + + - - +

LAL filiera T FAB cCD3 CD3 CD2 CD7 TdT TcR CD1a CD4

Pro-T (T1) L1, L2 + -/+ - + + + - -

Pre-T (T2) L1, L2 +/- + +/- + +/- + - -

T-corticale (T3) L1, L2 - + + + -/+ + + +

T-matura (T4) L1, L2 - + + + - + - +
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Identification and enumeration of blasts

⚫ A plot of CD45 versus orthogonal (side) light scatter is very useful in 
identifying blasts by their low side light scatter and weak intensity expression 
of CD45.

⚫ This representation can help to distinguish blasts from 

⚫ lymphocytes (bright CD45), 

⚫ erythroid precursors (essentially negative CD45), 

⚫ neutrophilic precursors and eosinophils (higher side light scatter), 

⚫ monocytes (higher side light scatter and brighter CD45).
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A two-parameter histogram [CD45 vs. SSC] shows the presence of cells with 

low CD45 expression and low SS, which represent immature cells in acute 

leukemia. 

The ungated histogram clearly shows three main populations: (a) small numbers of cells with 

strong CD45 expression and low SS (lymphocytes); (b) high to intermediate CD45 expression and 

high SS (granulocytes); and (c) low SS with decreasing expression of CD45. These are immature 

cells, and gating can be used to determine their phenotype.
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Identification and enumeration of blasts

⚫ Blasts often differ from more mature cells by expressing markers 

of immaturity and lacking antigens expressed by more mature 

cells.

⚫ Myeloblasts can be distinguished from maturing myeloid cells if they 

display 

⚫ low orthogonal (side) light scatter, 

⚫ markers of immaturity such as CD34 and CD117, 

⚫ lack markers of maturation such as CD11b, CD15, and CD16. 
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Identification and enumeration of blasts

⚫ Immature B-lymphoid cells can be distinguished from mature B-lymphoid 
cells if 

⚫ they express CD34 and TdT, 

⚫ lack surface immunoglobulin and CD20. 

⚫ Immature T-lymphoid cells can be distinguished from mature T-lymphoid 
cells if 

⚫ they express CD34, TdT, or CD1a, or lack surface expression of CD3. 
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Identification of abnormal blasts

⚫ Neoplastic blasts often have an abnormal phenotype that permits 
their distinction from normal immature cells. 

⚫ Phenotypic abnormalities include 
⚫ expression of markers not normally present on cells of that lineage, such 

as 

⚫ myeloid markers on lymphoblasts or 

⚫ lymphoid markers on myeloblasts, 

⚫ deviations from the well-coordinated gain and loss of antigens seen with 
normal maturation. 
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Role of FC in the diagnosis and classification of 

AML

⚫ The identification of recurrent genetic abnormalities has assumed priority in 

the classification of AML. 

⚫ FC immunophenotypic studies remain of value in the 

⚫ distinction from ALL. 

⚫ identification of megakaryocytic differentiation with expression of CD41, 

CD61 

⚫ identification of pure erythroid leukemia with expression of CD235a 

(glycophorin A) or CD36 in the absence of CD64, myeloperoxidase, and 

other myeloid-associated antigens. 
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Role of FC in the diagnosis and classification of 

AML

⚫ Although FC studies can also evaluate for monocytic differentiation, 
cytochemical stains remain part of the current WHO classification scheme. 

⚫ FC evaluation for CD14 lacks sensitivity for the detection of monocytic 
differentiation.

⚫ the sensitivity of the FC assay can be improved by evaluation of other 
monocyte-associated antigens such as 

⚫ coexpression of CD36 and CD64 bright, 

⚫ intermediate CD15 plus bright CD33
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Phenotype and recurrent genotypic 

abnormalities

⚫ Some phenotypes in AML are associated with the presence of recurrent 

genotypic abnormalities. 

⚫ AML with t(8;21)(q22;q22) is associated with aberrant expression of CD19, CD56, and 

sometimes TdT. 

⚫ APL with t(15;17)(q22;q12) often has the following phenotype: 

⚫ CD34 neg or only partially positive, 

⚫ HLA-DR neg or only partially positive, 

⚫ CD11b, CD13 heterogeneous, 

⚫ CD117, CD33 (homogeneous bright staining), 

⚫ CD15 or weak intensity staining. 
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Role of FC in the diagnosis

and classification of ALL

⚫ FC immunophenotyping is important for 

⚫ the distinction between ALL and AML, 

⚫ identification of B-cell or T-cell lineage, 

⚫ assessing response to treatment, including the identification of early 

responders and the detection of MRD
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Role of FC in the diagnosis

and classification of ALL

⚫ Some phenotypes in ALL are associated with the presence of 
prognostically significant cytogenetic and molecular abnormalities. 

⚫ B-cell ALL with a CD9+, CD10+, CD19+, CD20- or only partial, 
CD34- phenotype is a sensitive marker for t(1;19)(q23;p13), but 
lacks specificity. 

⚫ B-cell ALL with a CD10-, CD15+, CD24- or partial phenotype is associated 
with t(4;11)(q21;q23).

⚫ However, FC immunophenotyping does not provide a suitable 
surrogate tool for detection of these subtypes of ALL.
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Phenotype and recurrent genotypic 

abnormalities

⚫ Although FC immunophenotypic studies may be used as a screening 

tool, they lack specificity and sensitivity for the detection of genotypic 

abnormalities.

⚫ FC immunophenotyping of AML is also of value in patients being 

considered for gemtuzumab ozogamicin therapy by demonstrating 

expression of the target antigen CD33.
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AML with MLL rearrangement and monocytic differentiation.

Craig FE Foon KA. Blood 2008;111:3941-3967

butyrate esterase cytochemical stain
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Craig FE Foon KA. Blood 2008;111:3941-3967
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AML with MLL rearrangement and monocytic 

differentiation.

Craig FE Foon KA. Blood 2008;111:3941-3967

47,XX, 8,t(11,19)(q23;p13.3).

FISH demonstrating an MLL gene rearrangement. 

Hybridization with the LSI MLL dual color DNA probe 

demonstrates one cell (lower left) with one fusion 

signal (corresponding to the unrearranged 

chromosome 11 at band 11q23) and separate green 

and red signals corresponding to the split MLL gene, 

and one normal cell (top right) with 2 fusion signals.





Gemtuzumab Ozogamicin (GO): Mylotarg

⚫ Anticorpo monoclonale umanizzato anti-CD33 legato covalentemente 

con la caliceamicina 

⚫ Caliceamicina: un derivato semisintetico di un potente antibiotico 

antitumorale che si inserisce nella struttura del DNA causando rotture 

nella struttura a doppia elica e determinando così la morte cellulare



GO: Target

Target: CD33

⚫ L’antigene CD33 è una proteina glicosilata transmembranaria (funzione 

sconosciuta) espressa: 

⚫ sulle cellule mieloidi mature ed immature

⚫ sulle cellule eritroidi e megacariocitarie

⚫ sulla maggior parte delle cellule staminali emopoietiche ma non su quelle più immature 

⚫ è poco espresso al di fuori il sistema emopoietico

⚫ L’antigene CD33 è espresso in più del 90% delle LAM e delle sindromi 

mielodisplastiche



GO: modalità di azione

⚫ Dopo il legame con l’antigene, GO è 

internalizzato mediante endocitosi.

⚫ Il legame tra l’AtcMo e la caliceamicina viene 

scisso all’interno dei lisosomi dalle idrolasi 

acide, con conseguente rilascio della 

caliceamicina 

⚫ La caliceamicina liberata esercita la propria 

azione a livello del DNA con attivazione della 

apoptosi mdiata dalla p53
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Leucemie di “lineage” ambiguo

⚫ La WHO nel 2008 ha proposto di raggruppare le leucemie acute 

bifenotipiche e quelle bilineari in un’unica subentità definita 

“Leucemie acute a fenotipo misto (MFAL)”.

⚫ I casi di leucemia acuta BCR-ABL1–positivi e MLL-positivi 

possono talora sodddifsare i criteri per MFAL; in presenza di 

patologie BCR-ABL1–positive, occorre escludere una crisi 

blastica di LMC.
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Requisiti per l’attribuzione a più di una filiera di una singola 

popolazione blastica in corso di leucemia acuta a fenotipo misto 

(MPAL). 

Filiera positività

mieloide mieloperossidasi (ctometria a flusso, immunoistochica, o citochimica)

o

differenziazione monocitica (almeno 2 tra: esterasi non specifiche,

CD11c, CD14, CD64, lisozima

linfoide T CD3 citoplasmatico (citometria a flusso con anticorpi contro la catena

ipsilon del CD3).

o

CD3 di superficie (raro nella MFAL)

linfoide B Forte positività per il CD19 con associata almeno una forte positività

tra: CD79a, CD22 citoplasmatico, CD10

o

Debole positività per il D19 con associate almeno 2 forti positività tra:

CD79a, CD22 citoplasmatico, CD10



111

Assignment of blast lineage

⚫ Leukemic blasts may aberrantly express antigens from another 
lineage. 

⚫ In AML lymphoid antigens frequently expressed include CD7, 
CD56, CD2, and CD19. 

⚫ ALL frequently demonstrates expression of one or more myeloid 
antigen. 
⚫ Although the detection of 1 or 2 myeloid antigens on lymphoblasts can 

assist in the identification of the abnormal cells, it has not an independent 
prognostic significance.



112

MPAL: morphology

Matutes et al Blood. 2011; 117(11):3163-3171

Morphology consistent with

•ALL; 43%, 

•AML; 42%, or 

•Inconclusive; 15%.
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MPAL

Matutes et al Blood. 2011; 117(11):3163-3171

Immunophenotyping showed

•B myeloid (59%), 

•T myeloid (35%), 

•B T (4%), or

•trilineage (2%).
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MPAL

Dot plots with the blast  

population highlighted in

blue (R1) and lymphocyte 

population in green (R2). 

These dot plots demonstrate the 

expression of CD13 and CD33 and 

coexpression of MPO with cytCD3. 

Residual T lymphocytes are

positive for cyt.CD3 but MPO-neg. 

CD19 and CD7 are negative.

Matutes et al Blood. 2011; 117(11):3163-3171
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MPAL

Dot plots with the blast population highlighted in red

(R1) and lymphocyte population in green (R2). 

These dot plots demonstrate the expression of CD13 

and coexpression of MPO with CD19. 

Other positive markers are CD34, CD79a, and TdT. CD7, 

CD15, and lysozyme are negative

Matutes et al Blood. 2011; 117(11):3163-3171
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MPAL

Matutes et al Blood. 2011; 117(11):3163-3171
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Plasma cell disorders

⚫ Plasma cell disorders are often identified through increased 
serum or urine gamma globulins and can be divided into 
⚫ polyclonal/reactive proliferations

⚫ those producing monoclonal gammopathy.

⚫ The monoclonal gammopathies can be further divided into 
⚫ monoclonal gammopathy of undetermined significance (MGUS) 

⚫ overt PCN, including plasmacytoma, plasma cell myeloma and variants, 
plasma cell leukemia, amyloidosis, and immunoglobulin light and heavy 
chain diseases. 
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Plasma cell disorders

⚫ The diagnosis of a PCN usually requires 
⚫ identification of increased plasma cells (greater than 10% of marrow cells), 

⚫ demonstration of an abnormal phenotype and/or clonality, 

⚫ further classification using a combination of morphologic, laboratory, radiologic, 
and other clinical findings. 

⚫ Flow cytometric immunophenotyping is a useful tool 
⚫ for the identification of abnormal plasma cells

⚫ for the distinction between lymphoid and plasma cell neoplasms. 

⚫ may provide additional prognostic information
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Reagents of clinical utility in the evaluation of 

plasma cell disorders

Reagent Normal distribution of staining Clinical utility Comments

CD19

All B cells including 

lymphoblasts, 

mature B lymphoid cells, and 

most PCs.

PCN often CD19-, mature B-cell 

lymphoid neoplasms with 

plasmacytic differentiation+

Aberrant 

expression on 

myeloid cells.

CD38

Precursor B cells (hematogones), 

normal follicle center B cells, 

immature and activated T cells, 

PCs (bright intensity), myeloid 

and monocytic cells, and 

erythroid precursors.

Identification of PCs with bright 

intensity staining, often in 

combination with dim to negative 

CD45.

Not specific for 

PCs.

CD45

All B cells (weaker intensity on 

precursors and some PCs), all T 

cells (weaker intensity on 

precursors).

Identification of PCs often in 

combination with CD38.
-

Craig FE Foon KA. Blood 2008;111:3941-3967

initial evaluation
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Reagents of clinical utility in the evaluation of 

plasma cell disorders

Reagent Normal distribution of staining Clinical utility Comments

CD56 NK cells, NK-like T cells
May be aberrantly expressed in 

PCN

CD56- PCN more 

often leukemic.

CD10

Immature T cells and B cells, 

subset of mature T cells and B 

cells, and neutrophils

May be aberrantly expressed in 

PCN
-

CD117 Immature myeloid, mast cells.

May be aberrantly expressed in 

PCN
Also described in 

MGUS.

CD138 Plasma cells Identification of plasma cells.

More specific than 

CD38, but not as 

sensitive.

Cyt k & l, Plasma cells
Light chain restriction in cells 

with plasmacytic differentiation.

Most FC assays 

detect sIg and 

cytIg.

Craig FE Foon KA. Blood 2008;111:3941-3967

secondary evaluation
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Identification of abnormal plasma cells

⚫ Two antigens are commonly used to identify PCs: 

⚫ CD38 (bright intensity) 

⚫ CD138. 

⚫ In contrast to the bright CD38 staining characteristic of PCs, other cell types typically express 
CD38 at a lower intensity:

⚫ hematogones, some mature B cells, activated T cells, and myeloid cells. 

⚫ CD138 expression is restricted to PCs and some carcinoma cells, but is less sensitive for the 
detection of PCs than CD38. 

⚫ Evaluation for both CD38 and CD138 provides the most sensitive and specific means of 
detecting PCs.



122

Identification of abnormal plasma cells

⚫ CD38 and CD138 are often used in combination with CD45. 

⚫ Normal tonsillar and peripheral blood PCs are CD45+. 

⚫ Normal BM usually contains 2 subsets of PCs: 
⚫ a CD45 subset that appears to be proliferative, 

⚫ a small subset that is negative or only expresses CD45 at a low intensity.

⚫ The phenotype of neoplastic PCs usually differs from that of reactive PCs
⚫ Neoplastic PCs often demonstrate 

▪ lower levels of expression of CD38 and CD138, 

▪ include a larger CD45 negative to low-intensity population with only a small CD45+ population.
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Identification of abnormal plasma cells

⚫ PCNs usually demonstrate

⚫ an abnormal CD19-, CD20- phenotype that differs from most normal CD19+, CD20- BM PCs 
and CD19+, CD20+ B-cell lymphoid neoplasms. 

⚫ Although approximately 10% of PCNs express CD20, and a smaller subset are CD19+, 
expression of both CD19 and CD20 is rare and should raise the possibility of a mature 
lymphoid B-cell neoplasm. 

⚫ CD20 expression in myeloma has been associated with a

⚫ more “lymphoid” appearance, 

⚫ presence of the translocation t(11;14), 

⚫ cyclin-D1 protein staining by paraffin section IHC.
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Most Relevant Antigens and Their Most Frequent Pattern of 

Expression in Normal vs. Clonal PCs

Cytometry Part B (Clinical Cytometry) 78B:239–252 (2010)
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Most Relevant Clinical Applications of Multiparameter FC 

Immunophenotyping of PC-related Disorders
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Cytometry Part B (Clinical Cytometry) 78B:239–252 (2010)
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FC Immunophenotyping in MM and Other Clonal 

PC-Related Disorders

Cytometry Part B (Clinical Cytometry) 78B:239–252 (2010)
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FC Immunophenotyping in MM and Other Clonal 

PC-Related Disorders

Cytometry Part B (Clinical Cytometry) 78B:239–252 (2010)



129

FC Immunophenotyping in MM and Other Clonal 

PC-Related Disorders

Cytometry Part B (Clinical Cytometry) 78B:239–252 (2010)
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FC Immunophenotyping in MM and Other Clonal 

PC-Related Disorders
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FC Immunophenotyping in MM and Other Clonal 

PC-Related Disorders
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Role of FC immunophenotyping in the diagnosis and classification of 

plasma cell disorders

⚫ FC immunophenotyping diagnostic utility is limited by difficulties encountered in enumerating PCs.

⚫ Even using sensitive techniques, FC immunophenotyping usually identifies fewer PCs than paraffin 

section IHC of biopsy sections. 

⚫ This discrepancy appears to reflect a combination of 

⚫ sampling differences, 

⚫ loss of plasma cells during processing for FC studies, 

⚫ difficulty encountered in including all surviving PCs in the FC analysis. 

⚫ Because of the relative paucity of PCs identified using FC, many of the studies characterizing PCN and 

MGUS have used sensitive techniques that permit accurate detection of less than 1% PCs, and often down 

to 0.01%.
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Comparisons of morphologic and

FC–determined plasma cell percentages.

Smock KJ et al Arch Pathol Lab Med. 2007;131:951–955
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Role of FC immunophenotyping in the diagnosis and classification of 

plasma cell disorders

⚫ The phenotype of MGUS overlaps that of overt PCN. 

⚫ Sensitive FC studies can usually identify a population of abnormal Ig light chain–restricted PCs in 
MGUS, and there are even reports of CD56 and CD117 expression. 

⚫ In addition, because of loss of PCs during processing, the identification of less than 10% bone 
marrow PCs using FC cannot be used to distinguish MGUS from an overt PCN. 

⚫ The most useful distinguishing feature between MGUS and PCN is the identification of a 
significant proportion of phenotypically normal PCs admixed with the abnormal cells. 

⚫ They represented less than 3% of all PCs in the majority of patients.
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Role of flow cytometric immunophenotyping

in the detection of MRD

⚫ In recent years, enhancements in instrumentation have made it feasible for 
clinical laboratories to consider acquiring enough events for MRD detection 
and use 4 or more colors to reliably identify populations of phenotypically 
abnormal cells. 

⚫ Clinical flow cytometric assay have been developed to reliably detect 
populations representing 0.01% of events (1 cell in 104) and therefore can 
complete with PCR-based methods. 

⚫ Although in many situations there is concordance between the 2 techniques, 
FC methods have the advantage over PCR of discriminating viable and dead 
cells and directly measuring the proportion of positive cells, rather than using 
an amplification method. 
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Role of flow cytometric immunophenotyping

in the detection of MRD (1/2)

⚫ Several factors need to be taken into consideration in developing a 
successful FC assay for the detection of MRD. 
1. Number of events

⚫ although increasing the number of acquired events improves sensitivity, it is limited by 
the speed of acquisition. At present, most MRD assays aim to detect 1 cell in 104

through the analysis of 500000 to 1 million cells and the goal of detecting at least 50 to 
100 events of interest. 

2. Limit of detection

⚫ if no disease is identified, the limit of detection should be determined to take into 
account the number of cells analyzed, presence of contaminating cells, and 
background noise. 

3. Carryover between tubes should be eliminated though the addition of wash steps. 
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Role of flow cytometric immunophenotyping

in the detection of MRD (2/2)

⚫ Several factors need to be taken into consideration in developing 
a successful FC assay for the detection of MRD. 

4. The analysis should be designed to identify phenotypic features 
characteristic of the disease of interest and facilitate distinction from other 
cell populations in the specimen.

⚫ Phenotypes often change over time and with treatment, and therefore 
the MRD assay should not rely on an exact match between the 
phenotype of the residual disease and the original diagnostic specimen. 

⚫ Therefore the antibody combinations should be chosen to maximize 
detection of disease, limit the impact of phenotypic variation, and permit 
detection of disease following antibody directed therapy.
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Role of flow cytometric immunophenotyping

in the detection of MRD

⚫ Flow cytometric immunophenotyping has 

⚫ an established role in the detection of minimal residual 

ALL, 

⚫ an emerging role CLL/SLL, 

⚫ potential role in some other hematopoietic and lymphoid 

malignancies, 

⚫ AML 

⚫ PCN
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Role of flow cytometric immunophenotyping in the 

detection of minimal residual ALL

⚫ Several studies have demonstrated that MRD detected by FC is an independent 
adverse prognostic factor in pediatric ALL.

⚫ The presence of MRD in BM samples with no morphologic evidence of disease is 
associated with a greater risk of relapse, and this risk increases with the level of disease 
detected. 

⚫ Although there is less data for adult ALL, the detection of MRD appears to be an 
independent risk factor for relapse. 

⚫ In theory, this information could assist in identifying high-risk patients who might benefit 
from additional therapy, or those low-risk patients who could be treated with a less 
intense regimen with lower toxicity. 
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Probability of sustained remission according to FC MRD results, 

relative and absolute estimate, in childhood ALL

Blood. 2002;99:1952-1958)
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Relapse-free survival in adolescent and adult patients with ALL 

according to immunophenotypic MRD level at day 14 and 35 of 

induction therapy

Median RFS of 42 months for patients 

with low MRD levels (<0.05%; n=43; 

gray line) versus 16 months for 

patients with high MRD levels 

(>0.05%; n=44; black line) (P .001).

Median RFS not reached for patients with low 

MRD levels (<0.5%; n=21; gray line) versus 16 

months for patients with high MRD levels 

(>0.5%; n=42; black line) (P .0008).

Blood. 2003; 101:4695-4700
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Characteristics of the techniques currently used for MRD 

detection in ALL

Leukemia (2010) 24, 521–535
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Leukemia (2010) 24, 521–535
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Role of flow cytometric immunophenotyping in the detection of 

minimal residual AML

⚫ Although less well-established than for ALL, FC evaluation for MRD in AML is becoming more 
widespread.

⚫ As for ALL, MRD detection in AML involves the identification of phenotypically abnormal populations. 

⚫ Because of frequent changes in phenotype over time and with therapy, it is not recommended to 
restrict evaluation to detection of abnormalities identified at diagnosis. 

⚫ A further complication is recognition that regenerating marrow may contain populations of cells with an 
unusual phenotype, such as a low level of CD56 expression on myeloid precursors. 

⚫ However, using multicolor flow cytometric immunophenotyping it is possible to detect residual AML at 
levels of 0.1% to 0.01%. 
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Role of flow cytometric immunophenotyping in the detection of 

minimal residual AML

⚫ In most studies, the documentation of residual AML has been 
associated with a poor prognosis.

⚫ one of the main challenges is identifying effective therapy for 
these high-risk patients.
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Methods for Detection of MRD in AML

Am J Clin Pathol 2009;131:16-26
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Algorithm used for identifying leukemia-associated phenotype 

(LAP) in AML and for detection of MRD. 

Am J Clin Pathol 2009;131:16-26
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Detection of MRD in consecutive BM samples from a patient with relapse (A) 

and a patient still in remission (B).

Am J Clin Pathol 2009;131:16-26
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Absence of HLA-DR expression at diagnosis and tracing residual 

aberrant cells at follow up.

British Journal of Haematology 2011;153:421–436
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Various LAPs and Their Frequencies 

Am J Clin Pathol 2009;131:16-26
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Clinical outcome in 

different cytogenetic 

groups according to MRD 

status after consolidation.

Blood. 2010;116(13):2295-2303
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Assessment of MRD at the 

end of consolidation splits 

FLT3 wild-type in 2 categories 

with different prognoses.

Blood. 2010;116(13):2295-2303



Assessment of minimal residual disease (MRD)

• Most pts who achieve clinical remissions may 
have persistent disease, which is not detected 
with routine tests but can be demonstrated with 
more sensitive FLC and molecular methods.

• These residual cells, known as MRD, 
ultimately  are responsible for clinical 
relapse. 

• MRD negativity is commonly defined as PB or BM 
with less than 1 CLL cell per 10000 leukocytes 
(<10−4).

Thompson & Wierda. Blood. 2016;127(3):279-286 Rawstron AC et al. Leukemia. 2007;21:956-964 



The relevance of minimal residual disease

1. MRD: methodology

2. MRD, clinical staging and sample 

3. MRD and outcome

4. MRD and treatment strategy

5. MRD as a surrogate marker

6. MRD and 2018 guidelines



MRD diagnostic tools: advantages and disadvantages

Thompson M et al. JAMA Oncol. 2018;4:394-400.



Thompson M et al. JAMA Oncol. 2018;4:394-400.

MRD diagnostic tools: advantages and disadvantages

ASO: allele specific oligonucleotide



A complementary role of multiparameter FLC and high-throughput 
sequencing for MRD detection in CLL: an ERIC study

A core panel comprising 6 markers (CD19, 
CD20, CD5, CD43, CD79b and CD81) was 
defined as the most reliable and convenient.

Rawstron AC et al. Leukemia. 2016;30:929–936.

Primary aim: to identify and 

validate in multiple centers a single-

tube assay:

1. reliable for MRD detection.

2. independent of 

instrument/reagents

3. flexible.

Secondary aim: to explore the 

merits of the FLC assay and HTS to 

detect MRD.



Validation of the 6-marker core panel

• Good concordance between observed and expected 

CLL cell levels  (limit of detection of 10−5)

• Improved detection and quantification capabilities with 

a reduced acquisition time and amount of reagents 

• Acceptable interoperator variability.

• Good linearity to the 10−6 level  an acceptable 

concordance (>90%) with HTS

• HTS demonstrated clear superiority in the limit of 

detection

Rawstron AC et al. Leukemia. 2016;30:929–936.



Circulating tumour DNA (ctDNA) reflects treatment 

response and clonal evolution in CLL

• CLL is a multicompartmental disease, 

nearly always involving BM, blood, 

lymph nodes, liver, and spleen. 

• ctDNA parallels changes across 

different disease compartments 

following treatments. 

• Serial ctDNA analysis 

– Allows monitoring of clonal dynamics

– identifies the emergence of genomic 

changes associated with RS.

–

• ctDNA could be non-invasive test for 

monitoring of difficult to assess disease 

compartments, such as lymph nodes.

Yeh P et al. Nat Commun. 2017;8:14756Thompson & Wierda. Blood. 2016;127(3):279-286
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Disparities between clinical staging and MRD analysis

MRD neg MRD pos Total

CR 186 (82.7%) 39 (17.3%) 225 

PR 161 (48.9%) 168 (51.1%) 329

total 347

(62.7%)

207 

(37.3%)

554

Kovacs G et al. JCO. 2016;34:3758-65.

achieving posttreatment MRD-negative 

remission with CIT may be more 

important than achieving clinical CR. 



Disparities between clinical staging and MRD analysis

• The existence of MRD-neg PR appears contradictory. 

• 2 potential explanations for this phenomenon: 

1. residual lymph nodes of .1.5 cm by CT, in the setting of MRD-neg 

remission, may not contain viable tumor

2. lymph node–resident CLL cells may be more resistant to certain 

therapies, allowing persistence of viable tumor in lymph nodes, despite 

clearance of CLL from PB and BM

Thompson & Wierda. Blood. 2016;127(3):279-286



Goede V et al. NEJM. 2014:370:1101-1110.

MRD neg CR PR

PB 38% 31%

BM 20% -

CLL 11: Clinical response 

and MRD negativity

MRD is more likely to be present in BM 

than in PB.



Bendamustine and Rituximab in First-Line CLL

PB Median EFS

<10-4 NR

≥10-4 and <10-2 NR

≥ 10-2 11.8

BM

<10-4 NR

≥10-4 and <10-2 NR

≥ 10-2 29.7

• The site of MRD sampling may 

affect the predictive ability of 

the test.

• Patients with MRD in PB after 

treatment may therefore represent 

an appropriate group in whom to 

study novel consolidation 

strategies

At the time-point of final staging, 

57.8% pts were PB MRD neg 

29.2% pts were BM MRD neg 

Fischer K et al. JCO 2012;30:3209-3216 Thompson & Wierda. Blood. 2016;127(3):279-286
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PB MRD Assessment Improves Prediction of Outcome in Two 

Phase III Studies of the German CLL Study Group

Kovas G et al. JCO;2016:34:3758-3765

No difference between MRD- CR and MRD- PR; 

Longer for MRD- PR vs MRD+ CR (P = .048) 

Longer for MRD+ CR vs MRD+ PR (P = .002). 

No difference for MRD- PR or MRD+ CR

Longer for MRD- CR vs MRD+ PR (P = .001),

PFS OS



MRD is an independent predictor for 10-year survival in CLL

MRD negativity is a predictor for long-term PFS and OS independent of the type and line of 

therapy.

Kwok M et al. Blood. 2016;128(24):2770-277



Investigator-assessed PFS by MRD response status in PB at the end of 

combination treatment in patients with known MRD status

Seymour JF et al. NEJM 2018;378:1107-20.
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Serial MRD monitoring

Thompson PA et al. Leukemia, 2018 published ahead of online first

Classification and Regression Tree model 

of association between 6-m PFS and

• pretreatment characteristics, 

• U-MRD status at EOT, 

• IWCLL response category (PR vs. CR) 

The predictive factors and timing 
of relapse in patients with U-MRD 
and value of interim MRD analysis 
are ill-defined. 

A prospective study of 289 pts with 
CLL treated first-line with FCR. 

MRD analysis was performed 
after course 3 (C3) and at EOT 
in BM 
using 4-color FLC (sensitivity 10-4). 



Serial MRD monitoring during first-line FCR treatment for CLL may 
direct individualized therapeutic strategies

Thompson PA et al. Leukemia, 2018 published ahead of online first

The aim of such strategies would be to achieve U-MRD, 

while overall minimizing therapy and associated toxicity. 

This strategy would require systematic testing in carefully 

designed, RCT, before being utilized in routine practice 

particularly with novel agents (heterogeneity of CLL 

biology and therapies). 
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MRD as a surrogate biomarker in CLL

• There is interest in shorter-term clinical trial end points in hopes of 

more rapidly achieving these goals to improve the lives of patients. 

• MRD negativity has been accepted by EMA as a surrogate marker 

for PFS.

• However “The validation of MRD response rate (undetectable MRD + 

CR) as a surrogate endpoint requires that the treatment effect on 

MRD can explain quantitatively the treatment effect in terms of PFS.” 

Little RF and McShane LM. Blood. 2016;128:2747



A model for predicting effect of treatment on PFS 

using MRD as a surrogate endpoint in CLL

• 3 RCT of CIT in treatment naïve pts (CLL8, 

CLL10, CLL11). 

– PB MRD was measured  at the end of induction 

treatment by 4-color FLC or ASO RT quantitative 

PCR. 

• a statistically significant relationship between 

treatment effect on PB-MRD and treatment 

effect on PFS. 

• However, a significant amount of variability in 

PFS was accounted for by factors other than 

MRD negativity. 

• This model should be confirmed 

– with more sensitive technologies

– In homogenous patient populations

Dimier N et al. Blood. 2018 Mar 1;131(9):955-962. doi: 10.1182/blood-2017-06-792333. Epub 2017 Dec 18.
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2018 Recommendations regarding the response assessment in CLL 

Hallek et al. Blood. 2018;131(25):2745-2760)



2018 Guidelines for diagnosis, indications for treatment, 

response assessment and supportive management of CLL

1. MRD should be assessed after therapy in clinical trials aimed at maximizing the 

depth of remission, the presence of MRD

2. The sensitivity of the method used and the tissue studied (PB or BM) should be 

reported.

1. PB first as the BM will have detectable CLL when it is also found in the PB. 

2. BM to confirm MRD-negativity when the PB is MRD-neg. 

3. The proportion of patients achieving undetectable MRD should be reported with 

the total number of patients treated with the specific therapy as the denominator

Hallek et al. Blood. 2018 Mar 14. pii: aheablood-2017-09-806398. doi: 10.1182/blood-2017-09-806398. [Epub d of print]



• The use of MRD in CLL holds tremendous promise as a tool to estimate 
prognosis and influence decision making during treatment. 

• MRD approach needs to be standardized across centers, and advantages 
and disadvantages of each method have to be considered. 

• MRD as an endpoint must be validated prospectively prior to being used as 
a surrogate for survival, and given the heterogeneity of CLL biology and 
therapies, 

• This validation must be regimen specific in a sufficiently representative CLL 
population.

Thompson M et al. JAMA Oncol. 2018;4:394-400.

MRD conclusions
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Flow Cytometric Immunophenotyping of 

Cerebrospinal Fluid Specimens

Flow cytometry laboratory hemocytometer count vs number of events acquired on the 

flow cytometer for lower cellularity specimens. 

Craig FE et al Am J Clin Pathol 2011;135:22-34
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FC and LCR

Results of flow cytometric testing (positive, indeterminate, or negative) at different levels of 

cellularity as determined by hemocytometer counts performed in the flow cytometry 

laboratory.

Craig FE et al Am J Clin Pathol 2011;135:22-34
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Positive flow cytometric immunophenotyping: B-cell 

lymphoma

Craig FE et al Am J Clin Pathol 2011;135:22-34
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Positive flow cytometric immunophenotyping: 

B-lymphoblastic leukemia

Craig FE et al Am J Clin Pathol 2011;135:22-34

after 21 days

At diagnosis
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LCR in hematological neoplasia

Craig FE et al Am J Clin Pathol 2011;135:22-34

Results of flow cytometric testing (positive, indeterminate, or negative) by clinical history. ALL, 

history of lymphoblastic leukemia, B or T cell; AML, history of acute myeloid leukemia.
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Indeterminate flow cytometric immunophenotyping, limited primarily by possible 

artifact

Craig FE et al Am J Clin Pathol 2011;135:22-34
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Indeterminate flow cytometric immunophenotyping, limited primarily by 

insufficient phenotypic findings

Craig FE et al Am J Clin Pathol 2011;135:22-34

The patient was treated for suspected herpes encephalitis.



Paroxysmal Nocturnal Hemoglobinuria

⚫ FCM is a standard method for diagnosis of paroxysmal nocturnal hemoglobinuria (PNH). 

⚫ In PNH, the somatic mutation of the X-linked phosphatidylinositol glycan complementation Class A 
(PIGA) gene causes a partial or absolute inability to make GPIanchored proteins. 
⚫ Antigens such as CD55, CD58, CD59, CD14, CD16, and CD24 are affected. 

⚫ The channel-forming toxin aerolysin and its preform pro-aerolysin bind selectively and with high affinity 
to GPI anchor. 

⚫ An inactive aerolysin variant conjugated with Alexa Fluor 488 (FLAER-A) is now widely used to detect 
GPI-anchor-deficient cell populations.

⚫ Current guidelines include a combination of 
⚫ CD235a-FITC and CD59-PE for detection of GPI-deficient RBC, 

⚫ FLAER-A/CD24-PE/CD15-PECy5/CD45-PECy7 for detection of GPI-deficient ranulocytes,

⚫ FLAER-A/CD14–PE/CD64–PECy5/CD45-PECy7 for GPI-deficient monocytes 

⚫ High-resolution assays allow detection of GPIdeficient RBC at sensitivity level 10−5 and GPI-deficient 
WBC at 10−4, which has been noted in patients with aplastic anemia and MDS.



Enumeration of blood for markers associated with paroxysmal 

nocturnal hemoglobinuria (PNH).

⚫ Upper row: the red blood cell (RBC) assay using 
CD23a–FITC/CD59-PE staining. RBCs are gated 
on FS and SS (R1, Upper left plot) and displayed 
on FCS versus CD235a–FITC plot (upper middle). 
CD235a positive RBCs are gated (R2). RBCs from 
region R1 + R2 are analyzed for CD59 expression 
(right upper plot). Normal RBCs (CD59 bright) are 
in region I. RBCs with PNH-related phenotypes 
(i.e., with CD59dim expression or CD59 negative) 
are in regions II and III, respectively. Middle and 
lower row: white blood cell (WBC assay) using 
staining with FLAER, CD24PE, CD15PECy5, and 
CD45PECy7. Light scatter voltages were 
established so that all nucleated cells were visible 
above the forward scatter threshold (middle left) 
and debris was excluded with a combination of 
light scatter and CD45 gating (middle plot). CD45+ 
events were displayed on CD15 versus SS plot 
(middle right plot) and granulocytes (bright CD15, 
high SS), monocytes (dim CD15 and intermediate 
SS) and lymphocytes (CD15-negative, low SS) 
were gated. Each of these populations was 
displayed on a FLAER versus CD24 plot (bottom 
row). PNH granulocytes (FLAER-negative, CD24-
negative) were enumerated in the bottom right plot 
(lower left quadrant). Normal granulocytes were 
enumerated in the upper right quadrant. Gated 
monocytes were similarly displayed (bottom row 
middle) and the PNH monocytes (FLAER-
negative, CD24-negative) were enumerated in the 
lower left quadrant. Gated lymphocytes (bottom 
row left) were assessed for PNH phenotypes in the 
lower left quadrant. Normal T-lymphocytes 
(FLAER+, CD24-negative) are visible in the lower 
right quadrant and normal B-lymphocytes 
(FLAER+, CD24+) are visible in the upper right 
quadrant. 



Other analysis

⚫ Myeloproliferative Neoplasms

⚫ Reticulocyte Enumeration

⚫ Hemoglobin F (Fetal-Maternal Hemorrhage and Sickle Cell Anemia)

⚫ Analysis of Platelets

⚫ Human Leukocyte Antigen Antibody Detection

⚫ Primary Immunodeficiency Diseases

⚫ Flow Cytometry Detection of HLA-B27

⚫ Human Immunodeficiency Virus Infection

⚫ Analysis of Antigen-Specific T-cells

⚫ Cellular Dna Content And Cell Cycle Analysis

⚫ Functional Assays
⚫ Monitoring of Cytokine Profiles

⚫ Protein Phosphorylation

⚫ Apoptosis


