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Abstract
In this era of targeted therapy, traditional reporting of acute leukemia by morphology using French-American-British (FAB)
system of classification has limited uses due to lack of standardization and use in risk stratification. Flow cytometry (FCM),
cytogenetics, and molecular testing drive the therapeutic decision. However, the lack of high-end testing at all health care strata
leaves a general pathologist in a quandary. This study aimed at documenting the leukemia-associated immunophenotype (LAIP)
specific for morphologic (FAB) subclasses of acute leukemia (AL). A retrospective case record-based study was carried out
including 100 cases of de novo acute leukemia over 1 year to study the association of FCM immunophenotype profile with
morphologic FAB classification of acute leukemia. Fourteen cases (14%) were diagnosed as acute leukemia—unclassified by
morphology which were accurately classified by FCM into B cell acute lymphoblastic leukemia (ALL) (6), T cell ALL (3), acute
myeloid leukemia (AML) (4), and mixed phenotype acute leukemia (MPAL) (1). FCM also differentiated Pre B cell ALL from
Burkitt lymphoma, subclassified T cell ALL into thymic categories, diagnosed MPAL, and identified blasts with monocytic
differentiation which were not detected by morphology. Although morphologic FAB diagnosis is still widely used to classify
acute leukemia, it is imperative that FCM should be used for accurate leukemia diagnosis.
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Introduction

Acute leukemia (AL) is a clonal hematopoietic stem cell
disorder characterized by increase in blasts (≥ 20%) in pe-
ripheral blood (PB) and/or bone marrow (BM) except in
cases where specific cytogenetic abnormalities like t(8;21)

and inv(16) are present [1]. For nearly three decades, the
diagnosis of AL relied heavily on French-American-British
(FAB) system of classification based on morphology and
enzyme cytochemistry for lineage assignment of blasts [2].
However, it fails to identify subclasses with poor prognosis
except in acute promyelocytic leukemia and Burkitt lym-
phoma/leukemia. Also, there is a significant discordance in
diagnosis given by different laboratories, sometimes within
the same laboratory due to the subjective nature of mor-
phologic reporting and lack of standardization of cytochem-
istry tests [3]. The diagnosis of AL depends on the exam-
ination by experienced observers of well-prepared PB and
BM. This is particularly difficult in patients with non-
leukemic conditions such as immune thrombocytopenia
and lymphoma where an increase in normal B cell progen-
itors (hematogones) is found in bone marrow. These are
virtually indistinguishable from blasts by morphology.
Assignment of lineage is critical in the diagnosis of AL
as it directs the therapeutic decision. Flow cytometry
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(FCM) immunophenotyping provides valuable information
regarding leukemia-associated immunophenotype (LAIP),
an insight into prognosis, and risk stratification. The
2008/2016 World Health Organization (WHO) classification
of AL has included chromosomal and molecular features,
in addition to morphology, immunophenotyping, and clini-
cal manifestations [1]. However, this facility is not readily
accessible to most hospitals in developing countries where
diagnosis and classification of AL is still based on FAB
system. The transition from morphologic diagnosis to
immunophenotypic with further expansion to molecular di-
agnosis has not been easy. Several hurdles in terms of
technical training, skill development, instrumentation, and
providing a cost-effective, timely, and accurate reporting
of acute leukemia have been faced by laboratories, which
began an expanded diagnostic panel for acute leukemia.
This study aims at documenting the LAIP specific for mor-
phologic FAB subclasses of AL as reported during this
period of transition.

Materials and methods

A retrospective record-based study was conducted in the
hematology and clinical pathology laboratory of
Kasturba Hospital, Manipal, after approval from the in-
stitutional ethics committee. Until the end of 2014, the
laboratory did not have its own flow cytometer. The
cases where morphologic diagnosis of AL was given
were advised to undergo immunophenotyping, cytoge-
netic, and molecular testing. Hence, there were a huge
number of “lost to follow-up” cases due to lack of ad-
equate diagnosis. With the procurement of an eight-col-
or, three-laser flow cytometer, instrument optimization,
panel designing and standardization, technical training
and skill development workshops were held in 2015.
Thus, from the year 2016 onwards, a six-color antibody
panel for acute leukemia diagnosis was fully functional.

Establishment of minimal panel of antibodies

Table 1 shows the antibody panel used in this study. An un-
stained lysed whole blood/bone marrow tube was included in
each experiment. The antibody panel was adapted from the
proceedings of a basic flow cytometry workshop held under
the aegis of P.D. Hindja Hospital and Research Center,
Mumbai, along with BD Biosciences, India. Titration of anti-
bodies, antibody cocktail preparation, validation of the panels,
and standardization of tests with the definition of positive and
negative LAIP for blood and bone marrow were done under
the guidance of an eminent alumnus (an experienced
hematopathologist from one of the premier institutes in
India) who kindly agreed to assist her alma mater.

Training of personnel

Initially, an in-house wet workshop and hands-on training was
conducted by application executives from BD Biosciences for
pathologists and technologists. The reporting pathologists also
underwent training at flow cytometry laboratory of National
Center for Biological Sciences, Bengaluru. They also took an
active part in Indo-US flow cytometry workshops and annual
meeting of the cytometry society—India for continued medi-
cal education. Membership of the cytometry society—India
provided timely networking andmentoring support. Two tech-
nologists also received training at Tata Memorial Centre
Advanced Centre for Treatment, Research and Education in
Cancer, Navi Mumbai. This has now enabled our center to
participate in inter-laboratory comparison program initiated
by the institute.

Case selection

A total of 100 de novo AL cases diagnosed from January to
December 2016 were included in the study. Cases with blast
crisis secondary to chronic myeloid leukemia, mixed pheno-
type acute leukemia, follow-up acute leukemia patients on
chemotherapy and post-transplant and cases of relapse were
excluded from the study.

Morphological examination

Morphology was assessed on air-dried Leishman stained PB
or BM aspirate smears and trephine biopsy sections stained by
hematoxylin and eosin. All samples were stained with
myeloperoxidase (MPO), periodic acid Schiff (PAS), and
Sudan black B (SBB) cytochemical stains. Oil red O staining
was done when Burkitt lymphoma was suspected. Acid phos-
phatase and non-specific esterase stains were not performed as
the assay could not be standardized due to excessive back-
ground staining.

Reporting criteria by morphology were according to FAB
classification [2].

Immunophenotyping by FCM

FCM was performed on PB/BM samples within 24 h of col-
lection. Cytometer settings were tracked daily using a
cytometer setting and tracking beads. Instrument optimization
was done as per standard laboratory procedure, and the com-
pensation matrix was linked to each experiment.

The samples were processed by the standardized “lyse-
stain-wash” protocol for staining for surface markers. Lyse-
stain-perm-stain-wash protocol was employed for simulta-
neous staining of surface and cytoplasmic markers. Each sam-
ple was processed in such a way that each tube had a cell
concentration of one million cells per 100 μl. The cells were
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stained with the six-color antibody panel in 4 primary tubes.
Additional tubes were processed and run on a case to case
basis depending on the results of primary panel (Table 1).
The fluorochromes to which the monoclonal antibodies were
conjugated included fluorescein isothiocyanate (FITC), phy-
coerythrin (PE), allophycocyanine (APC), peridinin chloro-
phyll protein cyanin 5.5 (PerCP Cy5.5), APC H7, and PE
Cyanin 7 (PE Cy 7). The prepared specimen was acquired in
a BD FACS CANTO II flow cytometer. All reagents and
equipment were obtained from Becton Dickinson
Biosciences, USA.

Analysis of FCM data

They were classified as acute myeloid or lymphoblastic leu-
kemias based on the WHO 2008/2016 criteria for lineage as-
signment of blasts [1]. Blasts were gated using cluster differ-
entiation (CD)45 and side scatter area (SSC), after doublet
discrimination and excluding debris based on light scatter
characteristics. Events with dim to moderate expression of
CD45 with low SSC were considered as blasts which were
further gated using CD19 (B lymphoblasts), cytoplasmic CD3
(T lymphoblasts), and cytoplasmic MPO (myeloblasts). B cell
lineage was assignedwhen the blasts expressed CD19 brightly
with more than one of the following: cytoplasmic CD79a,
CD10, or CD20. In suspected cases of Tcell ALL, events with
bright CD45 expression and low SSCwere gated as blasts and
further analyzed for cytoplasmic CD3 and CD7 expression. T
cell lineage was assigned if cytoplasmic CD3 or surface CD3
was positive. Events with intermediate to high SSC and mod-
erate expression of CD45, negative CD34, and HLADR and
bright MPO were considered as abnormal promyelocytes.
Events with intermediate SSC and bright CD45 expression
and positive for at least two monocytic markers (out of
CD11c, CD14, CD36, CD64, or CD4 heterogeneous expres-
sion) were considered as blast equivalents of monocytic line-
age (promonocytes and monoblasts). Events with no CD45
expression and low SSC were gated as possible

proerythroblasts or megakaryoblasts. They were further eval-
uated for positive CD235A and CD41a respectively. Other
markers were assessed for LAIP including lineage infidel
(cross-lineage) antigen expression. LAIP was defined as fol-
lows [4]:

(1) asynchronous antigen expression (simultaneous expres-
sion of early and late markers in a single population such
as the coexpression of CD34 and CD15 or CD19 and
CD10);

(2) lineage infidelity, which is the expression of lymphoid-
associated markers (CD3, CD5, CD7, CD56, CD10, and
CD19) on myeloid blast cells; or myeloid associated an-
tigens (CD13, CD33, or CD117);

(3) antigen overexpression, which is abnormally increased
expression of a certain antigen per cell such as CD34,
HLADR, and MPO in myeloblasts;

(4) absence of lineage-specific antigens, which involves ab-
sence of expected antigen expression, such as CD13 and
CD33, on myeloid blasts and CD5 on T lymphoblasts

A surface marker was considered positive when > 20% of
gated events showed positive expression. A cytoplasmic mark-
er was considered positive when > 10% of gated events showed
positive expression. The blasts were considered positive for
cMPO when > 3% of gated events were positive. In the case
of blasts which showed negative cMPO but positive for other
myeloid associated antigens like CD13, CD33, and/or CD117,
the results were confirmed by immunohistochemistry.

Demographic details such as age and gender were tabulated.
PB and BM counts, morphologic diagnosis, immunophenotypic
profile, and FCM diagnosis were recorded.

Results

During this 1-year retrospective study, a total of 100 cases of AL
were included. Male:female ratio was 1.1:1. There were 51 cases

Table 1 Six-color antibody panel
used for flow cytometric
immunophenotyping of acute
leukemia

Primary panel for Acute leukemia

Tube 1 (B tube) CD20, CD10, CD38, CD19, CD34, CD45

Tube 2 (T tube) CD8, sCD3, CD4, CD7, CD56, CD45

Tube 3 (myeloid tube) CD13, CD33, CD117,

HLA DR, CD64, CD45

Tube 4 (cytoplasmic tube) MPO, CD79a, cCD3, CD34, CD45

Secondary panel for Acute leukemia

Tube 5 (cytoplasmic tube 2) TdT, cCD22, cCD3, cCD41, CD45

Tube 6 (T tube 2) TCR, CD3, CD5, CD1a

Tube 7 (monocytic) CD11c, CD14, CD33, CD36, CD45

CD, cluster differentiation; MPO, myeloperoxidase; HLADR, human leucocyte antigen—DR; TdT, terminal
deoxynucleotidyl transferase
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(51%) of acute lymphoblastic leukemia (ALL), acute myeloid
leukemia (AML) was diagnosed in 46 cases (46%), and 3 cases
(3%) were mixed phenotypic acute leukemia (MPAL) by FCM
(Table 2). 60.7% of ALL patients were < 18 years (mean age
18 years) while 56.5%patientswithAMLwere > 50 years (mean
age 49.9 years). In 62% of cases, PB was used for FCM. In
remaining cases, BM aspirate was analyzed usually due to low
blast percentage in PB. In these cases, mean PB blasts were
37.7% (overall PB blasts were 55.9%). Morphologically, four-
teen (14%) cases were classified as AL without further sub-
classification as all special stains were negative in blasts and they
could not be assigned a specific FAB subclass. FCM categorized
them into B cell ALL (6), T cell ALL (3), AML (4), and MPAL
(1) along with sub-classification (Table 3).

Out of 51 cases of ALL, 40 (78.4%) were B cell ALL and 11
(21.5%) were Tcell ALL. All B cell ALL cases were positive for
CD19, of which 36 (90%) were CD10 positive pre B cell ALL.
Cytoplasmic CD79a was positive in 37 (92.5%) cases and CD20
was positive in 18(42.5%) cases. Six (35.3%) cases of CD20
positive B cell ALL were negative for CD34, but all were dim
CD45 positive and CD10 positive. Five of them lacked morpho-
logic features of Burkitt lymphoma, hence, finally classified as
pre B cell ALL. One case had large blasts with dense chromatin,
round nuclei, and a vacuolated moderate amount of cytoplasm
suggestive of FAB L3 morphology. However, oil red O was
negative. Hence, a diagnosis of Pre B cell ALL was given and
evaluation for MYC translocation was advised. Regrettably, the
patient was lost to follow-up and further testing was not possible.

Out of 17 cases designated asAL, nine caseswere CD10 positive
B cell ALL, and one was CD10 negative ALL as diagnosed by
FCM. Thus, the use of FCM helped in identifying a poor prog-
nostic marker in ALL, apart from accurate lineage assignment.

There were 11 cases (27.5%) of Tcell ALL, all of which all
were CD7 positive. The most common markers for T ALL
were cytoplasmic CD3 (91.7%) and CD5 (83.3%). There
was a single case of T cell ALL, where both cytoplasmic
and surface CD3 were negative. It was positive for CD7,
CD2, and CD5 (small population) and negative for CD56,
CD1a, CD8, and CD4. The blasts also expressed CD33 and
HLA DR. It was classified as early T cell precursor ALL. The
blasts were large and bizarre, with deep nuclear clefts and
condensed chromatin with cytoplasmic vacuoles and blebs.
Cytochemistry was negative for Oil Red stain, but occasional
blasts showed block positivity for PAS. Another case with
CD7, cCD3, and strong CD5 expression along with CD117
and HLADR was classified as near ETP-ALL. Interestingly,
both these cases were diagnosed as AL without further classi-
fication by morphology as the blast morphology was not spe-
cific of any subtype and cytochemistry was negative for MPO,
PAS, and SBBs. There were two cases of Pro T cell ALL
(CD7+, cCD3+, and sCD3±, CD5±, CD34+, TdT±,
HLADR±). In both these cases, blasts were small to medium
in size, with dense chromatin, irregular cleaved nuclear con-
tours, inconspicuous nucleoli, and scant pale cytoplasm (FAB
L2). There were 2 cases of cortical T cell ALL (CD1a+,
cCD3+, CD2+, CD5+, CD7+, CD4/CD8 double-positive)

Table 2 Case distribution by flow
cytometry and morphologic
diagnosis

Total number of cases (n) = 100

Flow cytometry diagnosis Morphologic diagnosis

ALL 51 Acute leukemia unclassified 14

B cell ALL 40 ALL (FAB) 42

T cell ALL 11 L1 or L2 morphology 41

T

cell ALL

• ETP-ALL 02 To rule out L3 01

• Pro T ALL 02 AML (FAB) 44

• Pre T ALL 01 M0 03

• Cortical ALL 02 M1 10

• Late cortical ALL 03 M2 09

• Medullary 01 M3 04

AML 46 M4 09

AML NOS 12 M5a 04

APML 03 M5b 03

AML with monocytic differentiation 31 M6 02

MPAL 03 M7 0

B/Myeloid 01

T/Myeloid 02*

FAB, French-American-British classification; ALL, acute lymphoblastic leukemia; ETP, early T cell precursor;
AML, acute myeloid leukemia; NOS, not otherwise specified; MPAL, mixed phenotype acute leukemia.

Boldface entries indicate the type of leukemia and italic entries indicate different subtypes.
* These cases were diagnosed as AML by morphology
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and 3 cases of late cortical Tcell ALL (cortical phenotype with
either CD4 or CD8 positivity). These blasts were small to
medium in size, with scant cytoplasm and condensed chroma-
tin and no nucleoli (FAB L1). A single case of medullary T
cell ALL (cCD3, CD2, CD5, CD7, CD4, or CD8, positive and
CD1a negative) was diagnosed where blasts were of FAB L1
morphology.

There were 44 cases of AML diagnosed on morphology
out of which three (6.8%) cases were classified as FABM0, 10
(22.7%) FAB M1, 4 (9%) FAB M3, 9 (20.4%) each of FAB
M2 and M4, 7 (15.9%) FAB M5, and 2 (4.5%) FAB M6.
There were no cases of FAB M7. Three (6.8%) cases showed
marked myelodysplasia-related changes. One case each of
FAB M2 and FAB M6 also showed significant dysplasia-
related changes. One case with FAB M1 had arisen in a pre-
existing primary myelofibrosis. A case of hypocellular AML
FAB M2 was also noted. MPO cytochemistry was performed
in 40/44 cases, where 3 cases were negative (2 cases of FAB
M0 and a case of AL) and 12 cases showed weak positivity
(3–10% of blasts, one case each of FAB M1 and M2, 6 cases
of FAB M4, and 4 cases of FABM5). Blasts in the remaining
cases showed bright MPO positivity. Use of FCM reclassified
2/44 cases as T/Myeloid MPAL. Four out of 14 cases of acute
leukemia unclassified were found to be AML by FCM. Thus,
there were 46 cases of AML diagnosed by FCM (Table 2).

The concordance rate between cytochemistry and FCM for
MPO was 94.8%. One case (FABM0) with negative MPO by
cytochemistry was found positive for MPO by FCM. Another
case (FAB M4) with weak MPO positivity was, in fact, neg-
ative by FCM. In both these discordant cases, results of FCM
were confirmed by immunohistochemistry on bone marrow
biopsy. The most common immunophenotypic markers used
for AML diagnosis were CD33 (93.5%), MPO and CD117
(86.9%), and CD13 (82.6%). Acute promyelocytic leukemia
(FAB M3) was diagnosed in four (9%) cases by morphology.
While three of these cases were bright MPO+, CD13+,
CD33+, CD117+, CD34− and HLA DR−; one case was
MPO+, CD13+, CD33+, CD117+, CD64+, and CD36+

suggestive of AML with monocytic differentiation. A total
of 31 cases (63.3%) expressed 2 or more monocytic lineage
antigens. CD4 was positive in 25 (43.5%) cases of which 21
(84%) were also positive for CD64. In remaining cases, one or
more of other monocytic markers (CD36, CD14, or CD11c)
were positive. It is notable that only 12 (48%) of these cases
were classified as FAB M4 or M5 by morphologic examina-
tion. Out of 14 cases of unclassified AL, three cases turned out
to be AMLwith monocytic differentiation by FCM. Thus, use
of FCM was useful in identifying the monocytic
immunophenotype across the FAB subclasses.

LAIPs and number of cases expressing
them is depicted in Table 4

Three cases of MPAL diagnosed (two cases of T/myeloid and
case of B/myeloid) based on WHO criteria for lineage assign-
ment. These cases were classified as FAB M1, M2, and un-
classified AL respectively.

Discussion

FCM in India has grown in log scale in the past decade. It
started with few centers in metropolitan cities having flow
cytometers to several centers across the country including
smaller towns. There is no formal flow cytometry training
available for pathology residents/medical lab technology stu-
dents. There are superspeciality/fellowship courses in
hematopathology in select few centers. This has created a
gap between current global standards of FCM reporting and
actual availability of skilled pathologists and technologists to
work in FCM. It is imperative that the peripheral institutes
must find a way to train the existing pathologists/
technologists in FCM to provide standardized and quality
lab services. Indian Council for Medical Research has pub-
lished basic guidelines on FCM in 2016 [5]. There is no na-
tional EQA program for FCM in India. An effort to run an
inter-laboratory comparison program (ILCP) is underway.
Yet, the demand for capacity building endeavors far exceeds
these resources.

Although FAB classification is cheap and technically sim-
ple, subjective variation, lack of standardization, and inability
to store diagnostic material for reevaluation limits its role in
acute leukemia diagnosis. Immunophenotyping by FCM al-
lows accurate identification of blasts, lineage assignment, and
identification of therapeutic targets, prognostication, and min-
imal residual disease assay. Multiple antigen expression pat-
terns may be studied in different subpopulations simulta-
neously, thus aids in the diagnosis of mixed phenotype acute
leukemia [6].

Both PB and BM aspirate samples were found to be suit-
able for FCM, although BM aspirate samples were preferred

Table 3 Summary of reclassification of cases by flow cytometry and
their clinical course

Number of cases diagnosed as acute leukemia unclassified by
morphology = 14

Flow cytometry diagnosis Number of cases

B cell ALL 06

AML with monocytic differentiation 04

ETP–ALL 02

Medullary T cell ALL 01

B/myeloid MPAL 01

ALL, acute lymphoblastic leukemia; ETP, early T cell precursor; AML,
acute myeloid leukemia, mixed phenotype acute leukemia
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when PB blasts were less than 40%. However, in cases where
the provisional lineage assignment and subcategorization was
critical as in case of APML, peripheral blood was analyzed for
FCM despite lower blast count in the sample. In such cases,
bulk lysis method was employed to improve the cell yield.

ALL was more common in children and AML in adults.
ALs show a slight male preponderance. The overall occur-
rence of ALL was more than AML. These findings are com-
parable with other studies [7, 8].

In addition to FSC/SSC characteristics, dim to moderate
expression of CD45 was used to gate the blasts. T lympho-
blasts had a brighter expression of CD45. In AMLwithmono-
cytic differentiation, which was classified as AMLM4/M5 by
morphology, the abnormal cells had a brighter expression of
CD45 and higher FSC/SSC. Abnormal promyelocytes had
similar side scatter as the granulocytes present in the specimen
along with moderate expression of CD45. This approach
helped in differentiating blast cell heterogeneity within a sin-
gle sample as was reported in previous studies [9].

Literature review shows that the most common positive
markers for AML were CD13 (95%), CD33 (96%), and
CD117 (89%); for B-ALL, CD19 (100%), CD10 (82%),
CD79a and (95%); for T ALL, c CD3 (100%) and CD7
(100%) [10]. The present study confirms the same.

B cell ALL was considerably more frequent than T cell
ALL, and the majority were positive for CD10. Other studies
have reported similar results [11, 12]. In a study by Vitale
et al., early T ALL (pre T & pro T) was the most common
subtype (51%), followed by cortical (39%) and medullary
(10%) [13].

Out of 100 cases, accurate lineage assignment was not
possible in 14 (14%). This was mainly because of non-
specific morphology of blasts, MPO negativity, or weak pos-
itivity by cytochemistry and presence of mixed phenotype
blasts. FCMwas able to correctly assign lineage to these blasts

(Table 4) and was indispensable in the diagnosis of MPAL.
The cases where MPO was only weakly positive by cyto-
chemistry, FCM was useful in confirming the diagnosis.

There was no definite correlation between FAB subtypes of
ALL and the immunophenotypic diagnosis. In turn, FCM di-
agnosis provided valuable information regarding therapeutic
targets such as CD19 and CD20 in B cell ALL and CD117 in
AML. It helped in categorizing CD10 negative B cell ALL,
identified acute promyelocytic leukemia (APML) accurately,
and classified T cell ALL into respective groups of thymic
differentiation. This was useful in advising specific cytogenet-
ic and molecular studies, thereby reducing unnecessary use of
large panel of high end, costly tests.

CD20 is a B cell differentiation antigen expressed in vari-
able intensities in B lymphoblasts. The significance of CD20
expression in ALL is two-fold. Anti-CD20-directed immuno-
therapy by (rituximab, ofatumomab, and obinutuzumab) may
significantly improve the clinical outcome in cases of newly
diagnosed CD20 positive B cell ALL. Monotherapy with
Blinatumomab is found to be useful in refractory and relapsed
cases [14]. However, there is insufficient data in this regard
from Indian subcontinent [15]. Expression of CD20 in a
Philadelphia chromosome-negative B cell ALL is found to
predict worse prognosis [16]. A population of large abnormal
cells with bright CD45+, CD19+, CD20+, and cCD79a+ with
monoclonal light chain expression and negative for blastic
markers like CD34 and TdT must be evaluated for Burkitt
lymphoma (BL). High Ki-67 index (nearly 100%) and c-
myc gene translocation are required for the diagnosis of BL.
BL cells express strong surface IgM with light chain restric-
tion, Bcl-6, CD19, CD20, CD22, PAX5, CD10, and CD79a,
and are negative for CD5, CD23, and TdT. By contrast, pre-
cursor B cell ALL is usually TdT-positive and does not ex-
press surface immunoglobulin [1]. However, a small group
(about 2%) of pediatric BL with t(8;14)(q24;q32) or variant

Table 4 LAIP in different categories of acute leukemia. The numbers in the parenthesis indicate the number of cases

Lineage-specific antigen
expression

Asynchronous antigen
expression

Lineage infidelity Antigen overexpression Antigen
underexpression

B cell ALL CD19 (51) CD10 (36) CD13 (04) CD20 (18) –

c CD79A (37) CD34 (31) CD33 (02)

HLADR (40)

T cell ALL c CD3 (10) CD4 and CD8 (1) c CD79a (02) CD1a (05) CD5 (09)

CD3 (04) CD34 (04) CD117 (01)

CD7 (11) HLADR (02) CD13 (01)

CD33 (01)

AML CD33 (43) CD117 (40) CD7 (09) – –

c MPO (40) CD34 (33) CD19 (04)

CD13 (39) HLADR (38)

ALL, acute lymphoblastic leukemia; AML, acute myeloid leukemia; CD, cluster differentiation; MPO, myeloperoxidase; HLADR, human leucocyte
antigen—DR; LAIP, leukemia-associated immunophenotype

J Hematopathol (2019) 12:191–199196



MYC translocation express precursor B cell phenotype (TdT+
, CD34±, CD20−, surface immunoglobulin negative). The
reason for this variation is unknown and diagnosis must be
given with caution [17]. In the present study, there were six
cases of CD19+, cCD79a+, CD10+, CD20+, and CD34−
immunophenotype. All cases had dim CD45 expression and
none had high Ki-67 index on immunohistochemistry, thus
ruling out Burkitt lymphoma.

Apart from anti CD20 directed therapy, other novel molec-
ular targets like CD19 (coltuximab ravtansine, denintuzumab)
and CD22 (epratuzumab, inotuzumab ozogamicin,
moxetumomab pasudolox) are under research. Anti CD52
therapy with alemtuzumab has been approved by US FDA
in 2014 for refractory chronic lymphocytic leukemia but has
not been promising for ALL therapy [14]. Thus, use of FCM
for diagnosis of acute leukemia helps in identifying molecular
targets for therapy.

CD10 is expressed by most of the acute lymphoblastic leu-
kemias, certain lymphoid malignancies, and normal lymphoid
progenitors. They are known to occur commonly in infants
under 1 year of age, with marked leukocytosis (> 1 × 105/μl),
central nervous system involvement and organomegaly. CD10
negative B cell ALLs are associated with rearrangements of
mixed lineage leukemia (MLL) gene at 11q23. FISH using a
dual-color break-apart probe is a useful technique to detect the
MLL gene translocation [18]. In the present study, three cases
of B cell ALL were CALLA negative. However, the cytoge-
netic and molecular testing was not done in these cases due to
financial constraints.

There was no significant correlation between FAB subtypes
and Tcell ALL. Out of 11 cases, 3 cases showed block granular
positivity in PAS stain. The historical description of T lympho-
blast having deeply convoluted nuclei and scant cytoplasmwas
found to be non-specific as such blasts were found in B cell
ALL as well. The immunophenotype assisted in categorizing
the Precursor T cell ALL into subclasses based on their normal
thymic counterparts. Although such categorization helped in
understanding the T cell ontogeny, studies indicate that it does
not have implications on clinical outcome [1].

Assessment of MPO by FCM allows confirmation of cyto-
chemical diagnosis particularly in cases with weak expression.
In the present study, MPO was positive 86.9% cases. In a
study by Kim Y et al., 62% of cases were MPO positive.
They were reported to be associated with better disease-free
survival, and transplant was beneficial [19]. FCM is more
sensitive in detecting blasts with monocytic differentiation
(Table 5). Thirty-one cases were positive for 2 or more mono-
cytic markers (CD64, CD14, CD36, CD11c, and CD4) by
FCM whereas combined morphology and cytochemistry
could diagnose only 16 cases. However, among these, there
were two cases of FAB AML M6 and a case of AML with
myelodysplasia-related changes as well. Our series shows
much higher number of cases of AML with monocytic

differentiation when compared with other Indian studies
who have reported 28% [6] to 8.6% [15] of such cases by
FCM. Such variation is probably due to differences in the
FCM antibody panel that is used in different centers. Hence,
the final diagnosis of AMLwith monocytic leukemiamust not
be made based on immunophenotype alone. Instead, morpho-
logic features should be considered in conjunction with FCM
diagnosis. Diagnosis of APML by FCM utilizes multiple ab-
errant antigen expression patterns. An abnormal cell popula-
tion with high SSC, dim to moderate CD45 expression with
brightMPO, CD13, and CD33 expression and negative CD34
and HLADR, clinches the diagnosis. Additionally, overex-
pression of CD2 and underexpression of CD15 and CD9 also
help in diagnosis. Morphologically, hypogranular variant of
APML with high peripheral blood blast % is a close mimic of
monoblastic/monocytic leukemia. Although cytochemical
stains like MPO (strong positive) and non-specific esterase
(negative) help in differentiating these two entities, FCM has
proven to be more objective. In our study, out of 4 morpho-
logical APMLs, one case turned out to be AML with mono-
cytic differentiation by FCM.

Mixed phenotypic acute leukemias (MPAL) are a hetero-
geneous group of rare leukemias where the blasts exhibit
lineage-specific antigens of more than one lineage [20].
Earlier reports from India have reported an incidence of 2–
3% [21, 22]. This is in accordance with our study (3%). It is
not possible to detect MPAL without flow cytometry as they
do not exhibit any specific morphologic features. In the pres-
ent study, all three cases were classified as AML by morphol-
ogy. An accurate diagnosis of MPAL is critical as these

Table 5 AML with monocytic differentiation diagnosed by FCM.
Expression of twos or more markers of monocytic differentiation was
considered as diagnostic criterion for this entity

Morphologic
diagnosis by
FAB

Number of
cases of AML
with monocytic
differentiation
by FCM

Number of cases positive for markers
of monocytic differentiation

CD64 CD14 CD11c CD36 CD4

AL-unclassified 4 1/4 1/4 1/4 2/4 4/4

M0 0 0 0 0 0 0

M1 6 2/6 3/6 4/6 3/6 6/6

M2 5 1/5 1/5 1/5 5/5 5/5

M3 1 1/1 0/1 0/1 0/1 1/1

M4 6 4/6 5/6 6/6 3/6 6/6

M5a 4 4/4 4/4 4/4 4/4 4/4

M5b 3 2/3 0/3 2/3 2/3 3/3

M6 2 2/2 2/2 2/2 2/2 2/2

M7 0 0 0 0 0 0

FAB, French-American-British classification; AML, acute myeloid leuke-
mia; FCM, flow cytometry; CD, cluster differentiation; AL, acute
leukemia
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patients are more likely to benefit from ALL directed therapy
than being treated for AML which might prove too toxic and
lead to early mortality [23].

The present is based on a 6-color panel of antibodies di-
rected towards a fairly broad array of antigens. All cases of
acute leukemia demonstrated one or more LAIP (Table 3).
Lineage-specific antigen expression helped in assigning line-
age to blasts and in the diagnosis of MPAL. Asynchronous
expression of antigens was the most common type of aberran-
cy. The pattern of such expression also provided a clue to
abnormal maturation pattern and in some cases, an evidence
of dyspoiesis. Lineage infidel aberrant antigen expression is
defined as co-expression of markers usually not present on
cells of that particular lineage such as lymphoid antigen-
positive AML and myeloid antigen-positive ALL, not classi-
fied as MPAL. It is useful for prognostication and detection of
minimal residual disease. Aberrant expression of CD56 in
AML has been associated with extramedullary leukemia and
correlates with reduced disease-free survival and overall sur-
vival [24]. In our study, 32% cases of AML had aberrant
antigen expression. In this study, CD7 was the most common
lymphoid-associated antigen expressed, followed by CD19.
Similar findings were reported in earlier studies [25, 26]. In
B cell ALL, lineage infidel aberrant expression was seen in
20.51% cases; CD13 expression is the most common. Five out
of 11 T cell ALL had aberrant B lymphoid and myeloid anti-
gen expression. This is in contrast with earlier reports where
such an expression was low [27]. It is possible to ascertain
more lineage infidel aberrant antigen expression by using a
comprehensive panel of antibodies for flow cytometry.
Antigen overexpression and underexpression were seen in a
few cases. There was no correlation between lineage infidel
aberrant antigen expressions with FAB sub-classification.
However, knowledge of such aberrancies at diagnosis helps
in minimal/measurable residual disease assay by FCM where
LAIP approach is used.

FCM was able to reclassify the acute leukemia unclassifi-
able cases (14 cases) as shown in Table 4. When FCM facility
was not available at our center, such cases were referred to
centers where more advanced testing and therapeutic options
were available. However, this resulted in high “lost to follow-
up” cases and patients’ inability to access such facilities due to
financial constraints. Due to the availability of more accessi-
ble modes of definitive diagnosis, these patients were able to
receive appropriate therapy.

Conclusion

Flow cytometry is an essential tool for diagnosis and sub-
classification of AL. It is useful for differentiating B and T
cell ALLs, correct identification of AML−M0,MPO negative
AML, MPAL, and aberrant markers, and in determining

minimal residual disease (MRD). This will further aid in prog-
nosis and in taking appropriate treatment decisions. The tran-
sition from morphology to immunophenotype diagnosis is
only a small step towards precision medicine in the manage-
ment of acute leukemia. Capacity building programs for pe-
ripheral laboratories are essential for standardized testing by
FCM.
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