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ABSTRACT

Multiparameter flow cytometry (MFC) is a highly sensitive, fast and
specific diagnostic technology with a wide range of applicability in hematology.
Although well-established eight-color immunophenotyping panels are already
available, most Brazilian clinical laboratories are equipped with four-color flow
cytometer facilities. Based on this fact, the Brazilian Group of Flow Cytometry
(Grupo Brasileiro de Citometria de Fluxo, GBCFLUX) for standardization of
clinical flow cytometry has proposed an antibody panel designed to allow precise
diagnosis and characterization of acute leukemia (AL) within resource-restricted
areas. Morphological analysis of bone marrow smears, together with the screening
panel, is mandatory for the primary identification of AL. The disease-oriented
panels proposed here are divided into three levels of recommendations
(mandatory, recommendable and optional) in order to provide an accurate final
diagnosis, as well as allow some degree of flexibility based on available local
resources and patient-specific needs. The proposed panels will be subsequently
validated in an inter-laboratory study to evaluate its effectiveness on the diagnosis

and classification of AL. (Assoc editor comm. 2)

Key terms: flow cytometry, acute leukemia panel, acute lymphoblastic leukemia,
acute myeloblastic leukemia, GBCFLUX
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INTRODUCTION

The Brazilian Group of Flow Cytometry (Grupo Brasileiro de Citometria
de Fluxo, GBCFLUX) was founded on April 24, 2010, aiming to congregate
Brazilian experts in clinical flow cytometry and promote technical and scientific
advances on multiparameter flow cytometry (MFC) in Brazil. One of our goals
was to standardize all clinical laboratory steps (sample handling, staining
protocols, data analysis and interpretation, quality control and data report
emissions). In order to reach these aims, several working groups were established.
The committee for standardization of diagnosis of acute leukemias collected
information on panels used at several institutions and reviewed the recent
literature.

In Brazil, most clinical laboratories are equipped with flow cytometers
able to analyze three- or four-color combinations of antibodies. In light of this, the
GBCFLUX working group has designed disease-oriented antibody panels with
four-color antibody combinations based on the most powerful markers able to
discriminate acute leukemia (AL) nosological entities.

We looked for the minimum requirements needed to achieve the correct
final diagnosis, taking into account the cost-effectiveness acceptable for services

with different economic possibilities.
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Besides the diagnostic purpose, some of the proposed combinations were
designed to provide prognostic information and to be suitable for detection of
minimal residual disease (MRD) in clinical studies.

The design of an ideal diagnostic panel should include: 1) identification of
abnormal blast cells, allowing discrimination between normal/reactive and
leukemic cells; 1ii) lineage identification; iii) disease classification according to
the cells maturation stage; iv) identification of leukemia-associated phenotypic
markers (LAIPs) to be used in MRD studies; and v) detection of aberrant markers/
phenotypes associated with molecular alterations with well-recognized prognostic
implications (1-5).

All panels were designed to accommodate different levels of
recommendations for diagnostic accuracy and classification, to allow some degree
of flexibility according to the available local laboratory resources. These levels
are: 1) mandatory, ii) recommendable, and iii) optional. Mandatory
recommendations contain the minimum criteria for identification, quantification
and classification of AL. Recommendable level includes markers that are not
essential for diagnostic but are important for leukemia subclassification. Optional
recommendations include markers useful for MRD investigation, detection of rare
subtypes of leukemia, alternative classification and markers that may suggest

molecular or cytogenetic abnormalities and prognosis.
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The fluorochrome combination suggested in the GBCFLUX panels
(fluorescein isothiocyanate — FITC, phycoerythrin — PE, peridinin chlorophyll
protein/cyanin 5 — PerCP-Cy5.5 , allophycocyanin — APC) were proposed by
Becton Dickinson and Beckman Coulter (BC) users and could be applied for
laboratories that use any type of flow cytometer equipped with two lasers.
Alternatively, BC users could associate the fluorochromes ECD (energy couple
dye, PE-Texas Red) and PCS5 (phycoerythrin-cyanine 5) to FITC and PE in four-
color combinations (supplemental material).

The proposed panels will be subsequently validated in an inter-laboratory
study to evaluate its effectiveness on the diagnosis and classification of AL. These
recommendations will be updated periodically by the GBCFLUX working group,

according to new validated biomarkers data published elsewhere.
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GENERAL RECOMMENDATIONS

Relevance of clinical data. 1t is of utmost importance for the clinical laboratory to
receive detailed patient information containing, at minimum: age, gender,
peripheral blood (PB) counts, disease phase (diagnosis, minimal residual disease),
previous treatment and whether it is a relapse or a secondary transformation.
Morphological analysis. Morphology and flow cytometry immunophenotyping
are essential and complementary techniques for the appropriate diagnostic
assessment of AL. This makes it desirable to have information about bone
marrow (BM) cytology, a description of the blast cells and cytochemistry.
However, cell morphology analysis should not be used as a screening panel
substitutive, only as additional diagnostic information.

Screening panel. We agreed on panels with three steps: screening, lineage
determination and in-depth study with search of aberrant co-expressions including
those related to specific molecular changes. This rationale is also found in most of
the recent consensus recommendations (1-5). The diagnosis of AL should follow

the steps detailed in Figure 1.

John Wiley and Sons, Inc.
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ACUTE LEUKEMIA SCREENING PANEL

The main objective of the AL screening panel (ALST) is to provide
information about the lineage of the leukemic blasts (Table 1). In addition, ALST
allows identification of expression of some lineage infidelity markers, such as the
expression of cytoplasmic (Cy) CD79a and CDI19 by t(8;21) positive acute
myeloid leukemia (AML) patients (6,7), c,CD79 positivity in some T-ALL (8)
and CD7 in some AML cases (9).

Based on the immunophenotypic information derived from ALST tubes,
lineage-directed panels (BCP-ALL or T-ALL or AML/MDS) must be applied in
order to provide the final diagnosis (figures 1 and 2).

However, some cases cannot be diagnosed with the screening tube alone.
In these cases, an expanded study must be performed to accurately define the
clinical entity. For instance, megakaryoblastic leukemia and minimal
differentiated AML frequently do not express ¢,MPO; and undifferentiated AL
may not be detected with an ALST tube.

It is noteworthy that, because an overt cell expansion may occur in
reactive conditions or during BM regenerative processes, the discrimination
among normal, reactive/regenerative and acute leukemia must be based on an

abnormal protein expression pattern and altered light scatter properties (1).

John Wiley and Sons, Inc.
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Considering the goal of determining the maturation degree of the
expanded compartment, we have included CD45 and CD34 as mandatory markers
at this first diagnostic level, since they are the most efficient markers to define
immaturity.

The expression of ¢,CD79a is an early event during B-cell commitment,
occurring after N, TdT expression and before acquisition of CD19 protein (10).
cyCD79a is a part of the B-cell receptor (BCR) signaling complex, and virtually
all ' B-cell precursor acute lymphoblastic leukemia (BCP-ALL) express this
marker (11). In addition, ¢,CD79a may discriminate between AML, BCP-ALL
and T-ALL (1). Overall, ¢;,CD79a is a suitable marker for lineage specification,
although its expression may also be found on myeloid or T-cell leukemia. The
expression of ¢,CD79a is followed by the activation of the PAX5 transcriptional
factor gene, a master regulator of B-cell differentiation (12). PAXS5 activates,
among other proteins, the expression of CD19. As with ¢,CD79a, CD19 may be
found in non B-cell malignancies (6,7). However, virtually all cases of BCP-ALL
express both ¢,CD79a and CD19.

Regarding T-cell commitment and differentiation, the earliest T-cell
precursor (CD7" / xTdT"/ CD34+ / CD117"/ CD44") migrates into the thymus
where T-committed cells will fully differentiate (13). Because CD7 is expressed
at pre-thymic differentiation stages during normal hematopoiesis and considering

that virtually all T-ALL express CD7, the inclusion of this marker on the

John Wiley and Sons, Inc.
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screening panel allows for the identification of early and late T-cell progenitors
(14). The acquisition of ¢,CD3 takes place early in the thymus and is found in
nearly all T-ALL cases. But expression of CD7 without that of ¢,CD3 may be
found in AML (9) and, sporadically, in BCP-ALL (15). In the majority of cases
with ¢,CD3 protein expression, the results should be interpreted together with
surface membrane (Sm) CD3, because most of T-ALL cases present with a
cyCD3+/ smCD37° pattern (1).

AML comprises the most heterogeneous group, leading to many diagnostic
challenges when using limited panels. c,MPO was selected for the screening tube
based on the finding that this enzyme is expressed in a wide range of myeloid
precursors, with the exception of megakaryoblasts, eosinophil precursors and
erythroblasts (16,17). Very early myeloid precursors may also lack ¢,MPO
expression, like early CD34" monoblasts. In these cases, if the ALST tubes point
towards a non-lymphoid acute leukemia, the AML panel should be performed.

The cases of mixed phenotype acute leukemia (MPAL) are initially
detected by the ALST tube, but require more than one complementary panel to

complete the diagnosis (18,19).

10
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B-CELL PRECURSOR ACUTE LYMPHOBLASTIC LEUKEMIA PANEL

Based on the well-known B-cell differentiation steps, the European Group
for the Immunological Characterization of Leukemia (EGIL) (18) proposed a
standardized immunological classification for BCP-ALL according to lineage-
related markers and maturation stage of leukemic cells (11).

The relevance of flow cytometry when studying lymphoid precursors
relies, to a large extent, on the difficulty of distinguishing normal precursor B
cells from truly malignant expansions by morphology alone. B-cell precursor
malignancies show an abnormal protein expression pattern allowing a clear
discrimination between normal/reactive expansions from BCP-ALL (10,11,18,20-
22). Because virtually all BCP-ALL cases express CDI19, this protein was
selected as a backbone marker. CD22 is not lineage-specific because it is
expressed on normal mast cells (23) during basophil maturation(24) and on
plasmacytoid dendritic cells(25). It was added into the mandatory panel for MRD
proposals because its expression is highly variable in leukemic cells and may
differentiate them from their normal counterparts.

These so-called mandatory combinations are used to detect B-cell
asynchronous differentiation (Table 2) and some frequent lineage infidelity
markers: CD13 and CD33 as mandatory (11,26), and CD66¢ (26) and

CD15/CD65 (11) as optional. CD66¢ is not found in normal maturing B-cells and

11
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its expression in BCP-ALL is not affected by chemotherapy (26). It should be
stressed that the homogeneous expression of CD34™" and CD10™¢", the CD45
dm and CD38™ expression, and the presence of myeloid markers CD13 and
CD33 are associated with the presence of the BCR-ABL fusion gene, especially if
the CD66c¢ protein is expressed (27,28). CD66c is also expressed in hyperdiploid
BCP-ALL cases.

When peripheral blood is examined, the presence of circulating cells
expressing proteins not usually found in circulating lymphoid cells may indicate
cells with an ectopic phenotype (e.g., CD197/CD10 /5, TdT"). These represent
malignant cells.

In general, the BCP-ALL is classified into four major groups based on the
presence/absence of some key proteins (CD10, ¢,IgM, smIgM), according to the
score proposed by the EGIL group (18). The majority of Pro-B cases (CD19"/
CD107/ nTdT/ CD34") represent 5% of pediatric and 10% of adult cases. The B-
Il subtype (CD19"/CD10"/c,IgM") is the most common presentation form, with
75% and 50% of pediatric and adult cases, respectively (18,29). Blast cells
cylgM’, expressing or not CD10, are classified as Pre-B ALL (18) and comprise
approximately 15% and 10% of pediatric and adult BCP-ALL cases, respectively.

The B-IV type is related to the Burkitt lymphoma (18) and deserves

further comment. In cases where leukemic blasts present a mature B-cell

phenotype (CD19"/TdT/CD34  /CD10"/CD20"/s,,JgM") and surface-membrane

12
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light chains of immunoglobulin (spK or snA), the sample should be reoriented to a
panel designed to investigate mature B-cell lymphomas in order to establish a
correct diagnosis.

CD10, CD19, CD20, CD34, \,TdT and CD38 combinations (Table 2:
tubes 1 and 3) are highly efficient to discriminate malignant from
normal/regenerative/reactive immature B-cells. These combinations could be
useful in MRD assessment. CD58 protein is an interesting LAIP marker because
it is highly expressed on malignant B-cells but is expressed at low levels in
normal/regenerating B-cell precursors and mature B-cells (30,31).

CD10 is expressed at very early stages during B-cell ontogeny, and the
absence of CD10 expression is considered an aberrant phenotype. Interestingly,
pre-B ALL lacking CD10 expression (32) and adult patients with pre-B ALL (33)
show a high frequency of cytogenetic abnormalities involving chromosome band
11g23. In those cases, the samples should be investigated for the expression of
CD15/CD65 and NG2 (Table 2: tube 6), because this phenotype correlates with
MLL rearrangements independently of the partner gene (33-35) (figure 3). It is
noteworthy that the expression of CD15/CD65 and/or NG2 are not considered
specific for MLL rearrangements (35) and thus, molecular biology studies are
needed to confirm the presence of the genetic abnormality. Because BCP-ALL
with MLL rearranged is the most common ALL in infants <l year of age, the use

of CD15/CD65 and NG2 is recommended for this group.

13
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T-CELL PRECURSOR ACUTE LYMPHOBLASTIC LEUKEMIA PANEL

T lymphoblastic leukemia/lymphoblastic lymphoma are neoplasms
derived from immature lymphoid cells of T-lineage involving BM and PB (T-
acute lymphoblastic leukemia, T-ALL) or presenting with primary involvement of
thymus, nodal or extranodal sites (T-acute lymphoblastic lymphoma, T-LBL).

For this diagnosis, this panel should be used when ALST identifies blast

cells expressing CD7 and/or ¢,CD3. In addition to the linecage assessment, the
panel was constructed to apply immunophenotypic sub-classification systems
according to the T-cell maturation stages and detect LAIPs for later investigation
of minimal residual disease.
Identification and quantification of blast cells. CD7 antigen has been classically
considered the earliest T-cell-associated marker expressed during T-cell
maturation. It is usually present at high levels and is an excellent marker for blast
cell gating strategy. To exclude mature residual T-cells from the analysis, CD7 is
combined with surface CD3 or CD5. However, this strategy is not capable of
discriminating residual NK cells from lymphoblasts.

The immature lymphoid marker n, TdT is expressed in more than 90% of
T-ALL cases (14) and, combined with CD7 and ¢,CD3, is a powerful strategy to

correctly identify and quantify the blast cells (Table 3).

14
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Diagnosis. To evaluate the immature nature of blast cells, n, TdT and CD1a were
included in the mandatory panel and CD99 in the recommended panel. CD34 was
already assessed by the ALST. To specify the T-lineage maturation stage of blast
cells CD2, s,CD3, CD4, CDS5, CD7, CDS8, CD10, TCRap and TCRyd were
included. The choice of these antibodies, along with fluorochrome combinations,
was based on literature review and the experience of the expert group (36-41).

T-cell development occurs primarily in the thymus, and the identification
of immature T-cells in PB, BM or tissues other than thymus is per se abnormal. -
Virtually all T-ALL cases have immunophenotypic abnormalities that distinguish
the leukemic cells from normal thymocytes (14). This can be extremely helpful in
the differential diagnosis of thymic hyperplasia, when flow cytometry of
mediastinal tissue is performed (36).

cyCD79a and CD10 expression have been observed in approximately 10-
40% (37) and 40-50% (38) of T-ALL cases, respectively. These markers should
not be considered as evidence of B-cell differentiation in the absence of CD19
expression.

The recommended and optional tubes contain the myeloid markers CD13,
CD33 and CD117. Myeloid markers are expressed in 19-30% of cases (39,40). Its
presence does not exclude the diagnosis of T-ALL/LBL, nor does it indicate a
mixed phenotype T/myeloid leukemia in the absence of myeloperoxidase

expression (38). Many markers characteristic of T-cell lineage, such as CD7 and

15
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CD2, and even ¢,CD3, may also be seen in NK cell precursors (41). Thus, it may
be very difficult to distinguish the rare true precursor NK lymphoblastic
leukemia/lymphoma from T-ALL/LBL that expresses only immature markers.
CD56, while characteristic of NK-cells, is not lineage-specific, as it can be found
on other hematological malignancies (42,43) and is commonly found in solid
tumors(44). Moreover, CD56 expression does not exclude T-ALL (38). In this
regard, the expression of myeloid markers in T-ALL but not in NK-ALL may be
helpful in this situation (45). The diagnosis of precursor NK lymphoblastic
leukemia may be considered in a case where CD56 is found together with
immature T-cell markers, but only if (1) B-cell and myeloid antigens are lacking,
(2) TCR and Ig receptor genes are in the germline configuration and (3) blastic
plasmacytoid dendritic cell neoplasm (BPDCN) has been excluded (45).

The presence of CD123, an interleukin-3 receptor associated with ¢,CD3,
CD4, CD19 and ¢yMPO expression, could be helpful on the differential diagnosis
of BPDCN with expression of T-lineage markers (e.g., CD2 and CD7).
CD]23%m/int expression is found in 16% of T-ALL cases and is more common in
immature T-ALL (46). Despite the low number of cases evaluated, CD123
expression was associated with remission failure after chemotherapy induction
(46,47). Although there was no consensus about the use of CD123 in T-ALL, it

may be an important marker for MRD detection.

16
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Classification. T-ALLs are classified according to their maturation arrest in
comparison to normal T-cell ontogeny. The EGIL classification divides T-ALL
into four stages based on CD2, g,CD3, CD5, CD7 , CD8, CDla and TCR
expression: pro-T (or TI), pre-T (TII), cortical T (TII) and mature/medullary T
(TIV) ALL(18,38). Pro-T ALL typically shows co-expression of ¢,CD3 and CD7
in the absence of other T-cell associated markers (i.e., CD2’, s,CD3", CD5", CD§"
and CDla’). In addition to ¢,CD3 and CD7, pre-T ALL cases express surface
CD2, CD5 and/or CDS in the absence of CDla. As normal cortical thymocytes,
blast cells from cortical T-ALL express CDla (figure 4). The medullary T-ALL
phenotype (snCD3", CDla,, CD4" or CD8") is more frequently observed among
patients presenting T-LBL. Some groups have shown a correlation between the
stages of EGIL classification and survival (48-50). T-ALL tends to show a more
immature immunophenotype compared with T-LBL, but the groups usually
overlap (51,52).

Our panel was designed to allow the application of EGIL classification. In
both TIII and TIV T-ALL, surface expression of CD3 may be associated with
expression of TCR of either the TCRaf or TCRyd type. Therefore, combinations
including TCR are only recommended if blasts express surface CD3.

Recently, a new subtype of T-ALL, originated from early T-cell precursors
(ETPs), was described. This is a subset of thymocytes representing recent

immigrants from the BM to the thymus, which retain multilineage differentiation

17
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potential (53,54). This subtype was identified by using a set of genes differentially
expressed in ETPs by gene expression profile; it presents a distinct immature
phenotype characterized by a lack of CDla and CDS8 expression, weak CD5
expression with <75% positive blasts, and expression of one or more myeloid or
stem/progenitor cell markers on at least 25% of blasts (CD117, CD34, HLA-DR,
CD13, CD33, CD11b and/or CD65) (53). ETP-ALL comprises 20-30% of T-ALL
cases and presents a poor prognosis when treated with standard chemotherapy
(53). The recommended and optional combinations, together with ALST, permit
the identification of this entity by co-expression of cyCD3+, CDS'/IO, CDla’, CD§
with stem/progenitor-cell/myeloid markers (CD34, CD117, CD13 and CD33).
Leukemia-associated immunophenotype (LAIP) markers. Evaluation of LAIPs
at a diagnosis of T-ALL/LBL is essential for MRD assessment by flow cytometry.
Because virtually no immature T-cells are detected in normal PB and BM
samples, the presence of immature T-cells on these tissues is highly suspicious for
leukemia. Therefore, the identification of intra-thymic phenotypes in PB or BM is
considered an important LAIP. Such ectopic phenotype could be evaluated by the
presence of precursor T-cell proteins (e.g., CDl1a, n, TdT, CD34 and CD99) or the
absence/dim expression of surface CD3.

In addition, the low expression/lack of T-cell proteins (CD2, CDS5, CD4

and CD8), overexpression of CD7 and infidelity of lineage markers (c,CD79a,
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CD13, CD33 and CDI117) are frequently detected in T-ALL and could be

promptly assessed by the proposed panel.

ACUTE MYELOID LEUKEMIA PANEL

AML is a heterogeneous group of clonal hematologic disorders that affect
multiple cell lineages at several maturation stages. According to the World Health
Organization's (WHO's) 2008 classification, the AML diagnostic work-up
includes recurrent genetic abnormalities, AML with myelodysplasia-related
changes and AML not otherwise specified (55). These abnormalities are
associated with distinct clinical, morphological and immunophenotypic
characteristics, defining specific pathological entities.

AML immunophenotypic profiles are highly heterogeneous, probably due
to the genetic diversity. An aberrant immunophenotypic pattern can be found in
85% to 90% (56-58) of AML cases. These altered phenotypes are due to
asynchronous expressions (80%), lineage-infidelity phenotype (27%) or aberrant
marker expression (20%) (56).

We wanted to propose a panel that could detect and classify AML,
especially focusing on the lineage assessment and maturation profile of blast cells
(Table 4). The mandatory panel contains several markers that contribute to the

identification and quantification of blast cells (CD45, CD34, CD117 and HLA-
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DR) (59), and enable characterization of immature cells into the major myeloid
compartments: neutrophil (CD117, CD13, CD33 and CD15), monocytic (CD64,
CD36, CD4 and CDI14), erythroid (CD71, CD235a and CD36) and
megakaryocytic lineage (CD61 and CD36) (figure 5). In addition, screening and
AML mandatory panels include several markers that are able to detect aberrant
expression of lymphoid-associated antigens (CD19, ¢,CD79a, CD7, CD2 and
CD56) and asynchronous antigen expression (CD14, CD15, CD16 and CD11b),
which are essential to further MRD assessment (60,61).

The optional panel contains a combination of CD105, CD45, CD36 and
CD71, allowing a more complete evaluation of erythroid lineage. CD105
(endoglin) is expressed in the early stages of erythroid differentiation (CD117"/
CD45""/CD34/CD13/HLA-DR’ cells); it remains present after the increasing of
CD71 and CD36 and gradually decreases in more mature red cell precursors
(1,62). Moreover, the optional panel corroborates the commitment of blast cells to
the megakaryocytic lineage, as megakaryoblastic acute leukemia can be positive
only for CD61 or CD42 (16).

If the lineage-commitment of blast cells cannot be defined after
completing the mandatory panel, additional tubes should be performed to evaluate
the less frequent myeloid lineages (pDC, basophils and mast cells). BPDCN could
be suspected in CD4"/CD56" cases that lack expression of CD34 and lineage-

specific markers (cyMPO, CD64, CD14, CD61, ¢,CD3, ¢,CD79a and CD19)
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(42,63). BPDCN can also express CD36 and NG2 (64). Commitment with the
pDC lineage is confirmed by the strong expression of CD123 associated with
HLA-DR" (65). CD1177 basophils also highly express CD123, but they are
usually HLA-DR negative. They also express CD203c in virtually all cases (66).
Mast cell leukemia should be suspected in cases with a CD117 "~ /HLA-DR
/CD34" phenotype, and expression of CD203¢c, CD25 and CD2 can be used to
identify aberrant mast cell components (23).

Some specific immunophenotypic patterns may suggest recurrent genetic
abnormalities. Thus, this may be of great help to direct further specific analysis by

fluorescent in situ hybridization (FISH) or molecular biology (Table 5) (67-71).

CONCLUSION

The consensus presented here represents the initiative of GBCFLUX to
provide clinical laboratories with a frame of reference for a systematic diagnostic
approach. This effort aims to propose a similar working schedule for different
laboratories in order to provide consistent quality in the diagnosis of acute
leukemia in our country, as the basis for multicentric clinical studies and inter-

laboratory quality control.
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ANNEXES
Legends to tables:

Table 1. Acute leukemia screening antibody panel for 4-color
immunophenotyping

Abbreviations: FITC: fluorescein isothiocyanate; PE: phycoerythrin; PerCPCy5:

peridinin chlorophyll protein/cyanin 5; APC: allophycocyanin; Cy: cytoplasmic.

Table 2. BCP-ALL antibody panel for 4-color immunophenotyping

Abbreviations: FITC: fluorescein isothiocyanate; PE: phycoerythrin; PerCPCy5:
peridinin chlorophyll protein/cyanin 5; APC: allophycocyanin; Cy: cytoplasmic;

Nu: nuclear; Sm: surface-membrane

*Markers for identification and quantification of blast cells: CDI19, CDA45.
Markers for diagnostic definition: CD10, CD19, CD20, CD22, ¢cCD79a, nTdT.
Markers for classification: CD10, IgM (cyIgM and smIgM), smKappa, smLambda.
Markers for identification of lineage-infidelity: CD13, CD33, CD66c,
CD15/CD65.  Identifying  phenotypes  associated  with  well-defined
cytogenetic/molecular aberrations: 7.1 (NG2), CD33, CD13, CD66¢. Markers for
MRD detection: CD10, CD20, CD22, CD34, CD38, CD58, n.TdT, CD45,
CD66c.

Table 3. T-ALL/LBL antibody panel for 4-color immunophenotyping

Abbreviations: FITC: fluorescein isothiocyanate; PE: phycoerythrin; PerCPCys5:
peridinin chlorophyll protein/cyanin 5; APC: allophycocyanin; Cy: cytoplasmic;

Nu: nuclear; Sm: surface-membrane
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Table 4. Antibody combinations recommended for the diagnosis of AML

Abbreviations: FITC: fluorescein isothiocyanate; PE: phycoerythrin; PerCPCy5:
peridinin chlorophyll protein/cyanin 5; APC: allophycocyanin.

*Tube 1: blast cell quantification; tube 2: neutrophilic maturation; tube 3:
monocytic maturation; tube 4: erythroid lineage; tube 5: megakaryocitic lineage
and myeloid markers; tube 6: LAIP markers; tube 7: identification of abnormal
blast cells; tube 8: erythroid maturation; tube 9: megakaryocitic complementation
and myeloid markers; tube 10: immunophenotype associated with 1123
abnormalities; tube 11: plasmacytic dendritic cell and basophilic lineage; tube 12:
mast cell and basophilic lineage; tube 13: mast cell lineage.

Table 5. Immunophenotypic characteristics of AML with specific genetic
abnormalities.
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Legend to figures

Figure 1. Diagnostic workup for immunophenotypic characterization of acute
leukemias. AML — acute myeloid leukemia; T-ALL — T-cell precursor acute
lymphoblastic leukemia/lymphoma; BCP-ALL — B-cell precursor acute

lymphoblastic leukemia/lymphoma.

Figure 2. Representative bivariate dot plots illustrating the GBFLUX acute
leukemia screening antibody panel for 4-color immunophenotyping. Dot plots
show an AML case (panels A-B) and a BCP-ALL case (panels C-D): FSC x SSC

and cyMPO vs. cyCD79a respectively.

Figure 3. Representative bivariate dot plots illustrating the GBFLUX antibody
panel for BCP-ALL characterization using 4-color immunophenotyping. Dot plots
show a ALL case presenting a MML rearrangement (panels A-E); FSC x SSC;
CDI15/CDw65 vs. NG2 ;CDS58 vs. CD66¢ ; CD13 vs. CD22 and SSC vs. cylgM

respectively.

Figure 4. Representative bivariate dot plots illustrating the GBFLUX antibody

panel for T-ALL characterization using 4-color immunophenotyping. Dot plots
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show a cortical T-ALL case (panels A-D): CD7 vs. ,CD3; CD10 vs. n,TdT;

CDla vs. CD7; and CD8 vs. CD4 vs CD8 respectively.

Figure 5. Representative bivariate dot plots illustrating the GBFLUX antibody
panel for AML characterization using 4-color immunophenotyping. Dot plots
show an AML case presenting monocytic differentiation (panels A-E); SSC vs.

CD45; SSC vs. CD34; SSC vs CD117; CD64 vs. CD36; and CD64 vs. CD14

respectively.
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Table 1. Acute leukemia screening antibody panel for 4-color
immunophenotyping
Tubes Fluorochromes and Markers
FITC PE PerCP-Cy5.5 APC
Mandatory
1. cyMPO cyCD79a CD45 cyCD3
2. CD19 CD7 CD45 CD34

Abbreviations: FITC: fluorescein isothiocyanate; PE: phycoerythrin; PerCP-

Cy5.5: peridinin chlorophyll protein/cyanin 5; APC: allophycocyanin; Cy:

cytoplasmic.
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Table 2. BCP-ALL antibody panel for 4-color immunophenotyping
Tubes Fluorochromes and Markers
FITC PE PerCP-Cy5.5 APC
Mandatory
1. CD34 CD20 CD19 CD10
) cylgM CD13 CD19 CD22
3. N ITdT CD33 CD19 CD38
Recommended when cngM
4. smKappa smLambda CD19 smlgM
Optional
5. CD58 CD66¢ CD45 CD19
6. CDI15/CD65 NG2 CD45 CD19

Abbreviations: FITC: fluorescein isothiocyanate; PE: phycoerythrin; PerCP-
Cy5.5: peridinin chlorophyll protein/cyanin 5; APC: allophycocyanin; Cy:

cytoplasmic; Nu: nuclear; Sm: surface-membrane

*Markers for identification and quantification of blast cells: CD19, CDA45.
Markers for diagnostic definition: CD10, CD19, CD20, CD22, ¢cCD79a, nTdT.
Markers for classification: CD10, IgM (¢,IgM and snmIgM), smKappa, smLambda.
Markers for identification of lineage-infidelity: CD13, CD33, CD66c,
CD15/CD65.  Identifying  phenotypes  associated  with  well-defined
cytogenetic/molecular aberrations: 7.1 (NG2), CD33, CD13, CD66¢c. Markers for
MRD detection: CD10, CD20, CD22, CD34, CD38, CD58, n.TdT, CD45,
CDo66c.
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Table 3. T-ALL/LBL antibody panel for 4-color immunophenotyping

Tubes Fluorochromes and Markers
FITC PE PerCP-Cy5.5 APC
Mandatory
1. N TdT CD7 cyCD3 CDI10
2. CDS8 CD7 CD4 smCD?3
3. CD2 CDla CD5 CD7

Recommended when 5, CD3"

4. TCRap CD7 smCD?3 -

5. TCRyd CD7 smCD3 -

or TCRaf TCRyd smCD?3 CD7
Recommended in all cases

6. CD7 CD13 smCD3 CD117

7. CD7 CD99 smCD3 CD356
Optional

8. CD7 CD33 smCD?3 CD123

Abbreviations: FITC: fluorescein isothiocyanate; PE: phycoerythrin; PerCP-
Cy5.5: peridinin chlorophyll protein/cyanin 5; APC: allophycocyanin; Cy:

cytoplasmic; Nu: nuclear; Sm: surface-membrane
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Table 4. Antibody combinations recommended for the diagnosis of AML.
Tubes Fluorochromes and Markers
FITC PE PerCP-CyS5.5 APC
Mandatory
1. HLA-DR CD117 CD45 CD34
2. CDl16 CD13 CD45 CDl11b
3. CD36 CD64 CD45 CD14
4. CD71 CD235a CD45 CD33
5. CDI15 CD61 CD45 CD13
6. CD2 CD56 CD45 CDh4
7. CD38 CD117 CD45 CD34
Optional
CD71 or
8. CD36 CD105 CD45 CD2354
CD33 or
9. CD41 CD42b CD45 CD13
10. CD65 NG2 CD45 -
Recommended when lineage could not be defined with previous tubes
11. HLA-DR CD123 CD45 CD38
12. CD22 CD203c CD45 CD117
13. CD2 CD25 CD45 CD117

Abbreviations: FITC: fluorescein isothiocyanate; PE: phycoerythrin; PerCP-
Cy5.5: peridinin chlorophyll protein/cyanin 5; APC: allophycocyanin.

*Tube 1: blast cell quantification; tube 2: neutrophilic maturation; tube 3:
monocytic maturation; tube 4: erythroid lineage; tube 5: megakaryocitic lineage
and myeloid markers; tube 6: LAIP markers; tube 7: identification of abnormal
blast cells; tube 8: erythroid maturation; tube 9: megakaryocitic complementation
and myeloid markers; tube 10: immunophenotype associated with 1123
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abnormalities; tube 11: plasmacytic dendritic cell and basophilic lineage; tube 12:
mast cell and basophilic lineage; tube 13: mast cell lineage.
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Table 5. Immunophenotypic characteristics of AML with specific genetic

abnormalities.

Genetic abnormalities

Immunophenotypic characteristics

1(8;21)(q22;q22); RUNXI-RUNXITI

Inv(16) (p13.1g22) or t(16;16)(p13.1q22)
ort(16;16)p13.1;q22); CBFB-MYH]11

t(15;17)(q22;q12); PML-RARa

t(9;11)(p22;923); MLLT3-MLL
(AML with 11923 abnormalities)

CD34" ™ HLA-DR', MPO", CD13", CD33"°",
CD19",CD79a """, CD56™"

CD34""M" CD117%, CD13", CD15", CD65",
MPO+hlgh, CD2-/+10W

Monoblastic antigens (variable expression): CD4,
CDl11b, CD14, CD36, CD64, lisozyme

CD34™°% CD15™°", CD13 heterogeneous, CD33
and MPO homogeneous, HLA-DR", CD2"
(microgranular morphology)

CD33"Meh cpes et cD13* Y, CD347",
CD1177*, NG2", CD56"

Monoblastic antigens (variable expression): CD4,
CDI11b, CDll1c, CD14, CD36, CD64, lisozyme
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Clinical and morphological analysis
suggestive of acute leukemia

!

Acute leukemia screening tubes

|
v v v

Blast cells ¢, MPO" or Blast cells Blast cells
¢,MPO"/¢,CD3/CD19 and ¢,CD79a" ¢,CD3*/CD7* CD19*/¢,CD79a*
AML panel T-ALL panel BCP-ALL panel
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Table S1. Alternative acute leukemia screening antibody panel for 4-color
immunophenotyping for Beckman Coulter users

Tubes Fluorochromes and Markers
FITC PE ECD PC5
Mandatory
1. cyMPO cyCD79a CD45 cyCD3
2. CD7 CD34 CD45 CD19
Abbreviations: FITC: fluorescein isothiocyanate; PE: phycoerythrin; ECD:

energy couple

cytoplasmic;

dye, PE-Texas Red; PC5: phycoerythrin-cyanine 5; cy:

S-3
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Table S2. Alternative BCP-ALL antibody panel for 4-color
immunophenotyping for Beckman Coulter users

Tubes Fluorochromes and Markers
FITC PE ECD PC5
Mandatory
1. CD34 CD20 CD19 CD10
2. cylgM CD13 CD19 CD33
3. N TdT CD22 CD19 CD38
Recommended when cylgM”
4. smlgM ) CD19 -
5. smKappa smLLambda CD19
Optional
5. CDs8 CD66¢ CD45 CDI19
6. CDI15/CD65 NG2 CD45 CD19

Abbreviations: FITC: fluorescein isothiocyanate; PE: phycoerythrin; ECD:
energy couple dye, PE-Texas Red; PCS5: phycoerythrin-cyanine 5; Cy:

cytoplasmic; Nu: nuclear; Sm: surface-membrane

*Markers for identification and quantification of blast cells: CD19, CD45.
Markers for diagnostic definition: CD10, CD19, CD20, CD22, cCD79a, nTdT.
Markers for classification: CD10, IgM (c,IgM and gsnlIgM), smKappa,
smLambda. Markers for identification of lineage-infidelity: CD13, CD33,
CD66¢, CD15/CD65. Identifying phenotypes associated with well-defined
cytogenetic/molecular aberrations: 7.1 (NG2), CD33, CD13, CD66¢. Markers
for MRD detection: CD10, CD20, CD22, CD34, CD38, CD58, ,TdT, CD45,
CDé66c.
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Table S3. Alternative T-ALL/LBL antibody panel for 4-color
immunophenotyping for Beckman Coulter users

Tubes Fluorochromes and Markers
FITC PE ECD PC5
Mandatory
1. o TdT CD7 cyCD3 CD10
2. CDS8 CD4 smCD3 CD7
3. CD2 CDla CD5 CD7

Recommended when 5,CD3"

4. TCRof CD7 smCD3 -

5. TCRyd CD7 smCD3 -

or TCRof TCRyd smCD3 CD7
Recommended in all cases

6. CD7 CD13 smCD3 CD117

7. CD7 CD99 smCD3 CD56
Optional

8. CD7 CD123 smCD3 CD33

Abbreviations: FITC: fluorescein isothiocyanate; PE: phycoerythrin; ECD:
energy couple dye, PE-Texas Red; PCS5: phycoerythrin-cyanine 5; Cy:

cytoplasmic; Nu: nuclear; Sm: surface-membrane
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Table S4. Alternative antibody combinations recommended for the diagnosis
of AML for Beckman Coulter users

Tubes Fluorochromes and Markers
FITC PE ECD PCS
Mandatory
1.  HLA-DR CD117 CD45 CD34
2. CD16 CD13 CD45 CDl11b
3. CD36 CDo64 CD45 CD14
4. CD71 CD235a CD45 CD33
5. CDI5 CD61 CD45 CD13
6. CD2 CDs6 CD45 CDh4
7. CD38 CD117 CD45 CD34
Optional
8. CD36 CD105 CD45 CD117
9 CDh41 CD42b CD45 CD33 or
CD13
10. CD65 NG2 CD45 -
Recommended when lineage could not be defined with previous tubes
11. HLA-DR CD123 CD45 CD38
12. CD22 CD203c CD45 CD117
13. CD2 CD25 CD45 CD117

Abbreviations: FITC: fluorescein isothiocyanate; PE: phycoerythrin; ECD:
energy couple dye, PE-Texas Red; PC5: phycoerythrin-cyanine 5.

*Tube 1: blast cell quantification; tube 2: neutrophilic maturation; tube 3:
monocytic maturation; tube 4: erythroid lineage; tube 5: megakaryocitic
lineage and myeloid markers; tube 6: LAIP markers; tube 7: identification of
abnormal blast cells; tube 8: erythroid maturation; tube 9: megakaryocitic
complementation and myeloid markers; tube 10: immunophenotype associated
with 11q23 abnormalities; tube 11: plasmacytic dendritic cell and basophilic
lineage; tube 12: mast cell and basophilic lineage; tube 13: mast cell lineage.
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