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The role of hematopathologists in the diagnosis of acute leukemia (AL) starts with the
morphological examination of either peripheral blood smear or bone marrow. The
morphological hallmark for the myeloblast includes “Auer rods” and “Phi bodies.” The
addition of cytochemical stains such as myeloperoxidase, Sudan Black B, periodic acid-
Schiff stain, nonspecific esterase, and Perls’ stain acts as an important adjunct to the
morphological classification in the resource-constrained settings. The recent World
Health Organization classification still endorses the utility of morphology which
requires the presence of either > 20% lymphoblasts or myeloblasts/or its equivalents
(monoblasts, promonocytes, or megakaryoblasts) and integrates it with the clinical
features, immunophenotyping (IP), and molecular genetics for making the diagnosis of
AL. Morphology can give clue to the specific diagnosis of acute myeloid leukemia (AML)
with t(8:21), t(15:17), t(16:16), or inv(16) and this diagnosis can be made irrespective
of blasts count if such translocations are demonstrated by molecular tests. There are
some interesting findings such as blasts with “hand-mirror” morphology, nuclear
cleavage, prominent cytoplasmic vacuoles, pseudo-Chediak-Higashi granules, cup-
like nucleus, and other dysplastic features helping in differentiating lymphoid and
myeloid leukemias. Transient abnormal myelopoiesis in Down syndrome and hypo-
plastic AL can be picked up on morphological examination. Bone marrow biopsy would
be greatly beneficial and complementary to aspirate smears and is required for
diagnosing exact cellularity, topography of cells, dyspoiesis, myelonecrosis, gelatinous
marrow transformation, myelofibrosis, and IP can be performed using immunohis-
tochemistry. Morphological examination in AL is not only helpful for diagnosis but also
useful for predicting the prognosis in posttherapy cases, AML with myelodysplasia-
related changes, therapy-related myeloid neoplasms, and mixed phenotype AL.
Hematogones, blastoid mantle cell ymphoma, high grade B cell lymphoid with blastoid
morphology, Burkitt leukemia, prolymphocytes in prolymphocytic leukemia, hairy cell
leukemia variant, plasmablasts especially in plasmablastic leukemia, or plasma cell
leukemia can mimic AL and IP is useful in these situations. Hence, morphology should
be considered as a kind of “gold-standard” starting point for the analysis of AL cases.
Morphological examination cannot be replaced and advanced tests cannot be used as
surrogate for morphology.
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History and Evolution of Morphological
Classification for Acute Leukemia

The credit for the discovery of acute leukemia (AL) goes to the
ancient Greeks, who recognized this disease in the 4th or 5th
century BC. The term “leukemia” is derived from the Greek
words “Leukos” meaning white and “Haima” meaning blood
was first proposed by Rudolf Virchow in 1846.!

The earliest report was by the famous French physician
Alfred Velpeau (1795-1867).2 Later on, for the first time,
pathologist at the Royal Infirmary Edinburgh, John Hughes
Bennett, recognized AL as a distinct blood-related disease
and published his 35 cases of suspected AL in 1852."? Few
years later, Henry Fuller, a physician at St George’s Hospital
in London described the first case of childhood AL and the
first reported use of the microscope to diagnose AL.3
Virchow (1856) was credited with concluding that the
disorder was not the result of an infectious process but
rather was caused by the tissue that produced the white
blood cells.

Neumann stated in 1872 that AL was a disease of the bone
marrow (BM). Mosler introduced BM puncture as a means of
antemortem diagnosis of AL. In 1900, the Swiss hematologist
Naegeli described the presence of myeloblasts or lympho-
blasts in the circulating blood which formed a basis for
the classic diagnosis of AL. Monocytic leukemia was first
described by Reschad, and leukemic cells recognized as
unusual forms of myeloblasts.!*?

The French-American-British (FAB) classification of he-
matological malignancies, which was first put forth in 1976,
is mostly based on morphology with a few cytochemical
stains.* The categorization was further improved by the
changes put forth by the FAB group in 1985, including the
suggestions made by a committee of the U.S. National Cancer
Institute in 1990.>~

In the year 2001, the diagnostic paradigm shifted based
on the principles of the Revised European-American
(REAL) classification of lymphoid neoplasm, the introduc-
tion of the World Health Organization (WHO) classifica-
tion for hematological and lymphoid cancers (3rd edition)
was made along with the incorporation of clinical features,
morphology, immunophenotyping (IP), and molecular ge-
netics for the categorization of AL.2° Prior to 2001, there
were two editions of the WHO Classification of Tumors:
the first (1967-1981) contained a list of acceptable termi-
nology with brief histologic descriptions, and the second
(1982-2001) included histologic and immunohistochemi-
cal (IHC) features as well as one image for each histologic
type.'?

Even though with the evolving classification of AL based
on molecular genetics, still morphological examination and
cytochemical staining of air-dried BM and peripheral blood
smears (PBS) continue to form the basis for diagnosis and
classification of AL. Recently, in 2017, revised WHO 4th
edition was introduced and the upcoming WHO 5th edition
expected to release in 2023 has still incorporated morphol-
ogy in the classification of AL along with defining genetic
abnormalities."!
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Samples Encountered in Clinical Practice for
Diagnosing AL

The complete hemogram sample received in ethylenediami-
netetraacetic acid (EDTA) along with PBS is often the starting
point, followed by a BM aspirate (BMA) or an imprint smear,
or a trephine BM biopsy (BMB). The staining with Roma-
nowsky stains such as Leishman- or Giemsa-based stains
give excellent morphological details.' In most of the centers
in India, either one of the stains is used, but they are
complementary to each other if they are used in combina-
tion. It is always recommended to make extra smears from
BMA or for imprint smears for IP using immunocytochemis-
try.!> The multicolor flow cytometry (MFC) is an another
commonly employed investigation for IP in AL because of its
quicker turn-around-time and higher sensitivity.'*

Both heparin and EDTA samples can be utilized for IP;
however, EDTA has the advantage for morphological analysis
of the sample prior to IP but antigenic preservation will be
diminished when the sample is stored for more than
24 hours. Heparin samples, on the other hand, create back-
ground staining on blood smears that make morphological
evaluation difficult, but these samples can be stored up to 48
to 72 hours still retaining antigenicity for IP using MFC and
also used for cytogenetics evaluation. It is also generally
recommended to perform BMB at the same time because
both these techniques are complimentary to each other not
only for morphological evaluation but also for ancillary
studies such as special stains and IHC.'>1?

Role of Morphology in the Diagnosis and
Classification of AL

ALs are characterized by the uncontrolled proliferation of
either lymphoblasts or myeloblasts or both which are classi-
cally defined as > 20% in either PBS or BM."13 Classically, the
complete hemogram and PBS in most of these cases show
normocytic normochromic anemia, leukocytosis, and
thrombocytopenia with the presence of > 20% circulating
blasts. “Leucoerythroblastic blood picture” is the terminolo-
gy quite often used when there is a presence of blasts along
with polychromatophils, nucleated red cells, and left shifted
myeloid cells. It is not uncommon in the clinical practice to
come across AL cases where there are < 20% blasts in PBS;
however, BMA would show > 20% blasts. This is called as
“subleukemic leukemia.” On the other end of the spectrum,
one might not be able to find the blasts in the PBS, but BMA or
imprint smear would show > 20% blasts which is called as
“aleukemic leukemia.”'>1®

There are few instances where exception to this general
rule applies because of the advances in the molecular genet-
ics and WHO have defined certain cases of acute myeloid
leukemia (AML) irrespective of blast count based on their
molecular findings. It includes cases with translocations
such as t(8:21), t(15:17) or inv(16) or t(16:16) and/or their
respective transcripts demonstrated either by fluorescence
in situ hybridization or molecular tests such as polymerase
chain reaction.!”
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The starting point for the classification of AL is to
differentiate whether the blasts are of either lymphoblasts
or myeloblasts. The only morphological hallmark to iden-
tify the myeloblasts is the presence of “Auer rods,” which
are the condensation of needle-like crystals comprised of
azurophilic granules seen in the cytoplasm. “Phi bodies”
are also considered specific for the myeloblasts which are
unique fusiform or spindle-shaped structure seen in the
cytoplasm with demonstrable myeloperoxidase (MPO)
activity.3'1 3

Blasts and its Equivalents in AL (-Fig. 1)

Lymphoblasts are typically composed of small to medium
sized blasts with high nuclear-cytoplasmic ratio, moderately
condensed to dispersed chromatin, inconspicuous nucleoli,
and scant basophilic and agranular cytoplasm. However, the
presence of fine or coarse azurophilic granules, inclusions, or
vacuoles in the cytoplasm does not exclude it as lympho-
blasts if the cytochemistry or IP is compatible with their
diagnosis. Auer rods are never present.'?

For therapeutic purposes, acute lymphoblastic leukemia
(ALL)is the terminology used if either PB or BM demonstrates
> 25% lymphoblasts. On the other hand, if the clinical
presentation is predominantly the involvement of lymph
nodes with or without the involvement of extranodal sites
with < 25% lymphoblasts in either PB or BM, then it is called
as lymphoblastic lymphoma (LBL) according to the WHO
classification.!”

Myeloblasts are characteristically large-sized blasts with
high nuclear-cytoplasmic ratio, opened up nuclear chroma-
tin, and presence of 2 to 3 prominent nucleoli. The cytoplasm
is scant but shows the presence of azurophilic and secondary
granules. The characteristic “Auer rods” or “Phi bodies” are
seen confirming the myeloid nature of the blasts morpho-
logically.>'” There are few cells which are considered as
“blasts equivalents” other than lymphoblasts or myeloblasts
to make AL diagnosis and are described below as follows.!>1°

Abnormal promyelocytes often show either kidney-
shaped or bilobed nucleus. The cytoplasmic granules may
be so large and/or numerous that they totally obscure the
nuclear-cytoplasmic margin. “Faggot cells” are bundles of

Fig. 1 Morphology of blasts and its equivalents (Giemsa and Leishman stain). (A, B) Homogenous and heterogeneous lymphoblasts,
respectively. (C) Myeloblast with Auer rods. (D, E) Hypergranular and microgranular promyelocytes, respectively. (F, G) Monoblasts and
promonocytes, respectively. (H) Dyspoietic erythroid cells with increased proerythroblasts. (I) Megakaryoblasts.

Indian Journal of Medical and Paediatric Oncology ~ Vol. 44 No. 5/2023 © 2023. The Author(s).



Auer rods randomly distributed within the cytoplasm are
present in majority of the cases of acute promyelocytic leuke-
mia (APL). These cells are characteristically seen in “hyper-
granular variant” of APL2?%?! On the other hand, there is
apparent paucity or absence of granules due to the submicro-
scopic size of the azurophilic granules and shows predomi-
nantly bilobed nuclei in abnormal promyelocytes. The
leukocyte count is frequently markedly elevated in this variant
which is called as “microgranular variant” of APL.2%-22

Monoblasts are large cells having round nuclei with
delicate lacy chromatin and one or more large prominent
nucleoli with abundant cytoplasm. Scattered fine azurophilic
granules, vacuoles, and hemophagocytosis may be present.
Promonocytes have a more irregular and delicately convo-
luted nucleus, the cytoplasm is usually less basophilic and
sometimes more obviously granulated with occasional large
azurophilic granules and vacuoles.'??!

The megakaryoblasts are usually medium to large sized
blasts with a round, slightly irregular, or indented nucleus
with fine reticular chromatin and 1 to 3 nucleoli. The cyto-
plasm is basophilic, often agranular, and may show distinct
blebs or pseudopod formation.-1%2!

Significance of Cytochemistry in the
Resource-Constrained Setting (-Fig. 2)

The use of cytochemistry has greatly helped in the discrimi-
nation of ALL from the various subtypes of AML. The single
best cytochemical stain which acts as an adjunct to morpho-
logical confirmation of myeloblasts in the resource-con-
strained setting is the MPO stain because of its enzyme
specificity. This fact has been endorsed by WHO in assigning
the cells as myeloblasts. Even in myelodysplastic syndrome
(MDS) with hypogranular myeloid cells, MPO stain could be
useful because some amount of its enzymatic activity would
still be demonstrated.'>?

Morphology in Acute Leukemias Sekar et al.

The other stain used as a surrogate for MPO is Sudan
Black B (SBB) stain which is sensitive for myeloblasts help
in identifying the cell membrane component. In all AL
cases, one should look for at least 3% of the blasts
showing positivity to be taken as significant for both
MPO and SBB stains. However, it should be noted that
approximately 05% of ALL cases do show the positivity for
SBB stain.?324 Hence, MPO is preferred over the use of
SBB for distinguishing these blasts.'® This SBB positivity
in T-ALL cases would point toward myeloid differentia-
tion which helps in identifying early T cell precursor
(ETP) ALL cases.?®

The nonspecific esterase (NSE) with either a-naphthyl
acetate or a-naphthyl butyrate as substrate shows diffuse
esterase activity in monocytic lineage; however, dot-like
positivity can be seen in some cases of T-ALL. Chloroace-
tate esterase (CAE) stains the maturing granulocytic cells
and NSE stains the monocytic series in double esterase
stain and useful in diagnosing myelomonocytic leukemias.
The significance of NSE stain is strongly recommended as
one of the markers for monocytic lineage in WHO
classification.'>1?

The evaluation of periodic acid-Schiff (PAS) activity is
based on the pattern of the reaction such as coarse
granularity or block positivity against a negative cyto-
plasmic background in ALL; and diffuse blush positivity is
usually appreciated in APL cases.'3 The other stain that is
highly correlated with T-ALL is acid-phosphatase (AP)
positivity which generally shows polar positivity, howev-
er, focal AP positivity can also be found in 15% of the cases
of B-ALL.%®

Perls’ stain often used for evaluation of iron stores in the
BM and its significance in AL cannot be overemphasized as it
helps in identifying the ring sideroblasts. It is useful in cases
of pure erythroleukemia and also points toward the origin of
AL from the underlying MDS."®

Fig. 2 Various cytochemical stains in acute leukemias. (A) Myeloperoxidase stain showing myeloblast with Auer rod. (B) Early T cell precursor
acute lymphoblastic leukemia showing Sudan Black B positivity. (C) Lymphoblasts with typical block positivity in periodic acid-Schiff (PAS)
stain. (D) Monoblasts showing nonspecific esterase positivity. (E) T-lymphoblast showing polar acid phosphatase activity. (F) Dyserythropoiesis
with granular PAS positivity. (G and H) Perls’ stain showing ring sideroblasts.
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Fig. 3 Specific morphological findings in acute leukemias (Giemsa and Leishman stain). (A) Lymphoblast with “hand-mirror” morphology.
(B) T-lymphoblasts with nuclear cleavage. (C) Pseudo-Pelger-Huet neutrophil with Auer rod. (D) Myeloblast with Phi body. (E, F)

Monoblasts with prominent cytoplasmic vacuoles and pseudo-Chediak-Higashi granules, respectively. (G) Myeloblasts with cup-like nucleus. (H)
Mixed phenotype acute leukemia showing smaller lymphoblast and larger myeloblast.

Morphological Clues Associated with
Recurring Genetic Abnormalities in AL
(-Fig. 3)

With the advances in the molecular techniques, the diagnosis
and classification for both ALL and AML have undergone
remarkable changes over the past two decades. However,
WHO classification still gives importance to the morphology
and integrates these findings with the clinical features, IP,
and cytogenetics/molecular genetics. This indicates that
morphology cannot be completely replaced by the advanced
tests and these techniques cannot be used as surrogate for
morphology.?

It is not possible to differentiate morphologically the
lymphoblasts seen in B-ALL/LBL from T-ALL/LBL. However,
prominent nuclear cleavage along with mediastinal involve-
ment is quite common with T-ALL/LBL. Occasionally, the
lymphoblasts may resemble the mature lymphocytes in T-
ALL and only IP would be helpful in confirming this finding.?>

The classical lymphoblasts along with no specific mor-
phological or cytochemical findings are seen in B-ALL asso-
ciated with t(9:22)(q34.1;q11.2); BCR-ABL1, t(v;11q23.3);
KMT2A- rearranged, t(12:21)(p13.2;q22.1); ETV6-RUNX1,
hyperdiploidy, hypodiploidy, t(1;19)(q23;p13.3); TCF3-
PBX1, BCR-ABL1 like, and iAMP21. In some case of B-ALL,
especially associated with t(5;14)(q31.1;q32.1), IGH/IL3
shows typical morphology of lymphoblasts along with
prominent eosinophilia which is a reactive population and
not a part of the leukemic clone.?’” B-ALL with KMT2A
rearrangement might show both lymphoblasts and mono-
blasts, such cases should be better considered as mixed
phenotype ALs (MPAL) with t(v;11q23.3); KMT2A-rear-
ranged. T-ALL with a mediastinal mass are associated with
immature myeloid precursors, eosinophils, and also with
recurring chromosomal abnormality, t(8,13)(p11;q12). No

specific morphological findings are noted in ETP-ALL and
near ETP-ALL.?

The presence of myeloblasts having an indented nucleus,
representing the Golgi zone, and often there is a long thin or
fusiform Auer rod sometimes within the nuclear “hof.”?' Few
blasts show very large granules suggesting an abnormal
fusion called as pseudo-Chediak-Higashi granules. Neutro-
phils often show dysplastic features and Auer rods in
their cytoplasm which are characteristically seen in AML
with t(8;21)(q22;q22.1); RUNX1-RUNX1T1.2%:21

APL with PML-RARA (promyelocytic leukemia/retinoic
acid receptor alpha) often presents with severe thrombocy-
topenia, leucopenia with presence of abnormal hypergranu-
lar promyelocytes with Faggot cells which shows strong
positivity for MPO stain and red cells show polychromato-
phils, nucleated red blood cells, and schistocytes suggestive
of disseminated intravascular coagulation. Its morphological
variant includes microgranular type which usually presents
with leukocytosis with bilobed abnormal promyelocytes
poses difficulty in identifying the presence of Auer rods.
The submicroscopic nature of these granules is very well
highlighted by MPO stain.?°

AML with inv(16)(p13.1q22) or t(16;16)(p13.1;q22);
CBFB-MYH11 has features which are those of acute myelo-
monocytic leukemia with at least 5% of cells showing dys-
plastic eosinophils at various stages of maturation (M4Eo
variant). On the other hand, AML with t(9;11)(p21.3;q23.3);
KMT2A-MLLT3 show features of either AML-M4 or M5. Some
cases of AML often show dysplastic features with basophilic
differentiation along with either M2 or M4 phenotype in
AML with t(6;9)(p23;q34.1); DEK-NUP214.19-2

There are certain cases of AML which presents with
normal or even an increased platelet count with dysplastic
megakaryocytes often giving morphological clue toward
AML with inv(3)(q21.3926.2) or t(3;3)(q21.3;q26.2);
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Table 1 Acute myeloid leukemia with specific gene mutations
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mutation

requires at least 20% blasts, often
associated with erythroid dysplasia

S. no. Gene mutations Morphology Other findings
1 Acute myeloid leukemia with Blast can resemble M1, M2, M4, or CD34 and HLA-DR are negative and
mutated NPM1 M5, but the distinctive shows a3%ood response to induction
morphological feature is the therapy
presence of cup-shaped nuclei?®-2°
2 Acute myeloid leukemia with CEBPA No distinguishing morphology and CD34, CD117, and HLA-DR are

positive; strong cMPO and
asynchronous expression of CD15

and CD65; additionally, CD7 and
CD56 are often expressed?'

GATA2-MECOM. The other entity typically occurs in infants
and shows basophilic blast cells with cytoplasmic blebs
giving strong clue for AML (megakaryoblastic) with t(1;22)
(p13.3;q13.1); RBM15-MKL1.2%2" AML with cup-like nuclei
is strongly associated with mutations involving NPM1 and
FLT328-30: and CEBPA-associated AML also show unique
phenotypic profile.>!AML with specific gene mutations are
described in ~Table 1.20%

Other Morphological Features in AL (~Fig. 3)

“Hand-mirror” morphology, is nothing but cytoplasmic
pseudopods are seen in some cases of ALL but it has also
been described in rare instances of AML.'® FAB classification
used in ALL comprised of L1 (homogenous), L2 (heteroge-
neous), and L3 blasts has now been completely obsolete.
Sometimes, the cytoplasmic vacuolations are more com-
monly noted in the lymphoblasts because of artifactual
reasons and it should not be confused with Burkitt lympho-
ma cases previously described as L3 blasts in FAB classifica-
tion.">3? The crushing artifact is more commonly noticed in
ALL cases in BMB. Rarely, spontaneous tumor lysis could be
picked up from the morphology that most of the blasts show
fragmentation of their nuclei resembling “apoptotic bodies”
either in PB or BM.'>1®

One of the defining features of AML with MDS-related
changes (ARC) includes the distinct morphological dysplasia
in at least > 50% of the cells in minimum of two lineages. The
dysplastic features in erythroid lineage include megaloblas-
tosis, nuclear irregularity, karyorrhexis, fragmentation, or
multinuclearity. The cytochemical stain such as Perls’ stain
would demonstrate the ring sideroblasts; vacuoles and
positivity are noted in PAS stain.>* Dyspoiesis in the myeloid
lineage are appreciated by hypogranularity, Auer rods, and
hyposegmented nuclei in the neutrophils called as pseudo-
Pelger-Huet anomaly. Monolobated or hypolobated nucleus
or multinucleation in large megakaryocytes indicates the
dysmegakaryopoiesis.’3

Therapy-related myeloid neoplasms (t-AML/MDS) show
AML with findings of myelodysplasia in the morphology and
only the history will differentiate from the above entity. This
includes therapy-related AML, therapy-related MDS, or ther-
apy-related MDS/myeloproliferative neoplasms (MPNs).2'-34

The maturing cells of the granulocytic lineage constitute
< 10% of the nucleated BM cells comprising of cells ranging

from promyelocytes to mature neutrophils and usually 80 to
90% blasts are seen showing azurophilic granules and/or
Auer rods. MPO positivity in > 03% of blasts would differen-
tiate AML without maturation (AML-M1) from minimal
differentiation (AML-MO).'® If there are > 10% of maturing
cells of granulocytic lineage and > 20% blasts; with mono-
cytic lineage constitute < 20% in the BM along with frequent
presence of Auer rods are classically seen in AML with
maturation (AML-M2)."°

In acute myelomonocytic leukemia (AML-M4), neutrophils
and their precursors and monocytes and their precursors each
should constitute > 20% of BM cells. Myeloblast shows MPO,
SBB, and CAE positivity. Monoblasts, promonocytes, and
monocytes are positive for NSE. Double esterase may reveal
dual positive cells. In AML-M5a, > 80% of the monocytic cells
are monoblasts, whereas in M5b, most of the monocytic cells
are either promonocytes or monocytes. Monocytes and its
precursors are NSE positive and MPO negative.B’19

If > 80% of the BM cells are erythroid, with > 30% of them
are proerythroblasts showing block-like positivity in PAS and
NSE; MPO and SBB are negative in pure erythroleukemia
(AML-M6). On the other hand, AL with > 20% blasts, of
which > 50% should be megakaryoblasts showing punctate
and focal positivity in PAS and NSE; MPO and SBB are
classically negative in AML-M7. Acute basophilic leukemia
is rare and characterized by > 20% blasts having moderately
basophilic cytoplasm containing coarse basophilic granules
and vacuolation showing positivity for toluidine blue, AP
(diffuse), and PAS (large blocks). Mature basophils are usu-
ally sparse. CAE negativity helps in distinguishing these
blasts from mast cells leukemia.>®

Morphologically at times, it is possible to come across two
different types of blasts with two lineage-specific markers
which was previously described as “bilineage” MPAL.2! If
they express antigens of more than one lineage in the same
blasts, it was called as “biphenotypic” MPAL and acute
undifferentiated leukemias, which exhibit no lineage-specif-
ic antigens. The characteristic IP profile for each of the
lineage are described in ~Table 2.36:37

Morphology in Predicting the Progression
to AL from Other underlying Diseases

Transient abnormal myelopoiesis is classically encountered
in 10% of newborn with Down syndrome where there is a
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Table 2 Immunophenotyping usingimmunohistochemistry or
flow cytometry

Lineage cells Immunophenotype marker(s)

CD45

All leucocytes

Immaturity HLA-DR, CD34, nTdT, CD117, CD99

markers

B cells CD19, cCD79a, CD10, CD20, cCD22

T cells cCD3, sCD3, CD4, CD8, CD7, CD5,
CD2, CD1a

NK cells CD16, CD56

Erythroid cells E-cadherin, CD36, CD71

Myeloid cells MPO, CD13, CD33, CD117
Monocytes CD64, CD14, CD11c
Megakaryocytes CD61, CD41

Plasma cells CD38, CD138, kappa, and lambda

Abbreviation: NK, natural killer.

brief period of appearance of blasts mostly of megakaryocyt-
ic lineage at the age of 3 to 7 days and are completely
asymptomatic clinically. Often it undergoes spontaneous
remission within first 3 months of life and 20 to 30% of
these cases show progression after 1 to 3 years of life.2’38

ARC and t-AML/MDS are already described. Myeloid sar-
coma is described as extramedullary proliferation of blasts
mostly of myeloid or monocytic lineage associated with
tissue destruction. It may show progression or might coexist
with AML.2"3° Similarly, the underlying MPN or MPN/MDS
overlap category might show progression to blast crisis
which are mostly of myeloid lineage and 10 to 20% might
show lymphoid lineage.*® Inherited BM failure such as
Fanconi anemia and acquired aplastic anemia with or with-
out paroxysmal nocturnal hemoglobinuria show progression
to AL in 5 to 10% of cases.*'

Role of BMB in AL (-Fig. 4)

It is generally accepted fact that BMB is complimentary to
BMA/imprint smear; however, BMB is better in accessing the
overall cellularity, focal marrow involvement, stromal
changes, and useful adjunct for IHC and molecular studies.!”

Hypoplastic AL/MDS generally shows hypocellularity in
BMB and generally associated with suppressed trilineage
hematopoiesis. It is characterized by interstitial increase in
immature cells and BMA might be hemodiluted. The use of
immaturity and lineage-specific markers would be helpful in
arriving at the final diagnosis.'”

The stromal changes such as myelonecrosis may be ex-
tensive, and in such cases IHC would be useful as the antigens
are better preserved even in the necrotic cells.*>*3 Other
changes include gelatinous transformation of marrow and
myelofibrosis can be seen in AL in 1 to 2% of cases.** Another
rare condition called as acute panmyelosis with myelofibro-
sis in which PB shows pancytopenia with no or minimal
anisopoikilocytosis, variable macrocytosis, and no teardrop

Fig. 4 Bone marrow biopsy in acute leukemias (hematoxylin and
eosin [H&E] stain). (A, B) Hypoplastic B-acute lymphoblastic leukemia
(B-ALL) with CD34 positive immunohistochemistry (IHC), respectively.
(C, D) Myelonecrosis in B-ALL with TdT positive IHC. (E) Gelatinous
marrow transformation. (F) Primary myelofibrosis with inset showing
increased reticulin fibrosis with progression to acute leukemia.

cells. BMB is hypercellular and shows diffuse fibrosis in
reticulin and Masson trichrome stain along with the prolif-
eration of all lineage elements (panmyelosis) and foci of
increased blasts with dysplastic megakaryocytes are the
characteristic findings. Immunohistochemistry with all the
three lineage markers would be very helpful in diagnosing
this condition."

Morphology Helps in Predicting the
Prognosis in AL

Generally good prognosis is expected if the morphological
clues to the underlying genetic abnormalities are present
such as t(8:21), t(15:17), and t(16:16) in AML with eosino-
philia.2' Myeloid sarcoma, ARC, t-AML/MDS, and MPAL are
associated with poor prognosis.'®

Morphological Mimics of AL (-Fig. 5)

Hematogones, which are normal B cell progenitors, can
resemble lymphoblasts but typically have even greater nu-
clear-to-cytoplasmic ratio, more uniform chromatin, and
discrete nucleoli. Blastoid variants of lymphoma like blastoid
mantle cell lymphoma, high grade B cell lymphoma with
blastoid morphology, Burkitt leukemia, prolymphocytes in
prolymphocytic leukemia, and hairy cell leukemia variant
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Fig. 5 Morphological mimics of acute leukemia (Giemsa and Leishman stain). (A) Hematogones, (B) Burkitt leukemia, (C) blastoid mantle cell
lymphoma, (D) hairy cell leukemia variant, (E) T cell prolymphocytic leukemia, (F) plasmablasts, (G) megaloblastosis, (H) blastic
plasmacytoid dendritic cell neoplasm, and (I) carcinocythemia from metastatic neuroblastoma.

can mimic AL and IP is useful in these situations. The
plasmablasts especially in plasmablastic leukemia/plasma
cell leukemia also mimic AL."”

MDS with excess blasts (EB2) and MDS/MPN overlap
category such as chronic myelomonocytic leukemia in elder-
ly and juvenile myelomonocytic leukemia in pediatric popu-
lation are the most confusing mimicker of AML-M4/M5 and
distinction must be made based on accurate blast and
promonocyte counts.** Megaloblasts with open sieve-like
nuclear chromatin could be confused with AML-M6; blastic
plasmacytoid dendritic cell and circulating tumor cells called
as “carcinocythemia” occurs in neuroblastoma and other
adenocarcinoma would be easily confused with undifferen-
tiated leukemia.'” The advanced molecular research in the
future will generate huge data that cannot be given by
morphology; however, it should serve as complementary
to each other.

Conclusion

The morphology as such can give clues for specific genetic
abnormalities and mutations in AL even with the gaining
importance to IP and molecular genetics. This endorse-
ment by WHO classification gives boost to the
morphologist/hematopathologist and should be consid-
ered as a kind of “gold-standard” starting point for the
analysis of AL cases. Morphological examination cannot be
replaced and advanced tests cannot be used as surrogate
for morphology.
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