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Chapter 1

The nature of leukaemia

Leukaemia is a disease resulting from the neoplastic
proliferation of haemopoietic or lymphoid cells. It
results from mutation of a single stem cell, the prog-
eny of which form a clone of leukaemic cells. Usually
there is a series of genetic alterations rather than a
single event. Genetic events contributing to malig-
nant transformation include inappropriate expres-
sion of oncogenes and loss of function of tumour
suppressor genes. Oncogenes may be either normal
cellular genes (proto-oncogenes) that have mutated
or are dysregulated, or novel hybrid genes resulting
from the fusion of parts of two genes. The cell in
which the leukaemic transformation occurs may be a
lymphoid precursor, a myeloid precursor or a pluri-
potent haemopoietic stem cell capable of differenti-
ating into both myeloid and lymphoid cells. Myeloid
leukaemias can arise in a lineage-restricted cell, in a
multipotent stem cell capable of differentiating into
cells of erythroid, granulocytic, monocytic and meg-
akaryocytic lineages, or in a pluripotent lymphoid-
myeloid stem cell. Recent molecular evidence
suggests that some cases of acute myeloid leukaemia
(AML) are derived from a myeloid stem cell and oth-
ers from a myeloid-T-lymphoid stem cell [1].
Lymphoid leukaemias usually arise in a B- or
T-lineage stem cell but occasionally acute lympho-
blastic leukaemia (ALL, either B-ALL or T-ALL)
arises in a lymphoid-myeloid stem cell, as shown by
development of histiocytic sarcoma with the same
clonal origin as the preceding B- or T-lineage
ALL [2,3].

Genetic alterations leading to leukaemic transfor-
mation often result from major alterations in the
chromosomes, which can be detected by micro-
scopic examination of the chromosomes of cells in
metaphase. Other changes, such as point mutations
or partial duplications, are at a submicroscopic level
but can be recognised by analysis of deoxyribonu-
cleic acid (DNA) or ribonucleic acid (RNA).

Neoplastic cells are genetically unstable so that
further mutations can occur in cells of the clone. If a
new mutation gives the progeny of that cell a growth
or survival advantage it tends to replace the parent
clone. Such clonal evolution can lead to transforma-
tion into a more aggressive or treatment-refractory

form of the disease with an associated worsening of
prognosis. A series of mutations can occur with pro-
gressive worsening of prognosis at each stage.

Leukaemias are broadly divided into: (i) acute leu-
kaemias, which, if untreated, lead to death in weeks
or months; and (ii) chronic leukaemias, which, if
untreated, lead to death in months or years. They
are further divided into lymphoid, myeloid and
mixed phenotype leukaemias, the latter showing
both lymphoid and myeloid differentiation (or both
T- and B-lineage differentiation). Acute leukaemias
are characterised by a defect in maturation, leading
to an imbalance between proliferation and matura-
tion; since cells of the leukaemic clone continue to
proliferate without maturing to end cells and dying,
there is continued expansion of the leukaemic clone
and immature cells predominate. Chronic leukae-
mias are characterised by an expanded pool of
proliferating cells that retain their capacity to differ-
entiate to end cells but fail to die due to defects in
programmed cell death.

The clinical manifestations of the leukaemias are
due, directly or indirectly, to the proliferation of
leukaemic cells and their infiltration into normal
tissues. Increased cell proliferation has metabolic
consequences, and infiltrating cells also disturb tissue
function. Anaemia, neutropenia and thrombo-
cytopenia are important consequences of infiltration
of the bone marrow, which in turn can lead to symp-
tomatic anaemia, infection and haemorrhage.

The aetiology of leukaemia

Many potential causes of leukaemia are known, but
nevertheless the majority of cases remain unex-
plained. There may be an underlying genetic or
other constitutional predisposition in addition to
oncogenic environmental factors.

The early childhood peak of ALL has been linked
to exposure to infection, particularly delayed expo-
sure to common pathogens. A role for infection is
supported by preliminary evidence of reduced inci-
dence during lockdown related to the SARS-CoV-2
pandemic [4].

There is a familial predisposition to myelodysplas-
tic syndromes (MDS) and AML (Table 1.1) [5-10].
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Table 1.1 Inherited susceptibility to acute myeloid leukaemia* [5-10].

Disease classification

Condition and genes responsible

Inherited bone marrow
failure syndromes

Fanconi anaemia: FANCA, FANCB, FANCC, BRCA2 (FANCDI), FANCD2, FANCE,
FANCF, FANCG, FANCI, BRIP1 (FANC]J), FANCL, FANCM, PALB2 (FANCN), SLX4

(FANCP), RADS1 (FANCR), BRCA1 (FANCS)
Dyskeratosis congenita: DKC1, TERC, TERT, ACD, CTC1, NHP2, NOP10, PARN, RTELI,

TINF2, WRAPS53

Familial aplastic anaemia with sensorineural deafness: SRP72
Ataxia-pancytopenia syndrome: SAMDOL, ERCC6L2 (bone marrow failure in some

patients)

Severe congenital ELANE, HAX1, GFI1

neutropenia

Associated with
thrombocytopenia
Thrombocytopenia 5: ETV6

Cancer predisposition
syndromes

Li—Fraumeni syndrome: TP53

Familial platelet disorder with associated myeloid malignancy: RUNX1
Thrombocytopenia 2: ANKRD26'

Breast and ovarian cancer syndrome: BRCA1, BRCA2

Lynch syndrome (mismatch repair deficiency): EPCAM, MLHI, MSH2, MSH6, PMS2

Werner syndrome: WRN
Bloom syndrome: BLM

Other syndromes

RAS-activating syndromes: NF1, PTPN1, KRAS, CBL

Shwachman-Diamond syndrome: SBDS
GATA deficiency (deafness, lymphoedema, monocytopenia, susceptibility to infection):

GATA2

Familial mosaic monosomy 7 (bone marrow insufficiency)

MIRAGE syndrome: SAMD9

Diamond-Blackfan anaemia: RPS19, RPL5, RPL11 and other
Xeroderma pigmentosum: XPC null mutation

Non-syndromic

CEBPA, DDX41,' ATG2B/GSKIP (duplication)*

* In addition, Down syndrome, which is constitutional but not inherited, predisposes to acute megakaryoblastic leukaemia in

infancy.
" Lymphoid neoplasms have also been reported.
¥ Also essential thrombocythaemia.

In the cases of MDS/AML, predisposing mutations
have been identified in a number of genes: RUNX1I,
CEBPA, GATA2, ANKRD26, SRP72, DDX41, ETV6,
ATGB2/GSKIP (duplication), WRN, XPC (null muta-
tion) and ERCC6L2 and possibly HYDIN, MUCI6,
NMUR2, RNF213 and ACD (TPPI). Fanconi anae-
mia, dyskeratosis congenita, Down syndrome,
Shwachman—Diamond syndrome and severe con-
genital neutropenia (with life sustained by treatment
with granulocyte colony-stimulating factor) predis-
pose to AML. Neurofibromatosis, Noonan syndrome
and CBL-mutation-associated syndrome predispose

to juvenile myelomonocytic leukaemia. ATGB2/
GSKIP duplication and RBBP6 mutation predispose
to myeloproliferative neoplasms [7]. There is a strong
association between AML and zygodactyly (bilateral
partial webbing between the second and third toes)
but the genetic basis is not certain [11].

Down syndrome predisposes to ALL as well as
AML. Familial ALL can be a feature of the Li-
Fraumeni syndrome and mismatch repair deficiency
(Table 1.2) [12-21]; in the case of the Li—Fraumeni
syndrome there is an association with hypodiploid
ALL [8]. Familial predisposition to ALL can also
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Table 1.2 Constitutional and inherited susceptibility to acute lymphoblastic leukaemia (ALL) [12-21].

Type of genetic alteration

Chromosomes or genes implicated

Constitutional trisomy 21
(Down syndrome)

Robertsonian translocation

Gene mutation or deletion

+21c, sometimes CRLF2 rearrangement associated with Ph-like ALL; sometimes +X;
sometimes t(8;14)(q11.2;q32.3) with dysregulation of CEBPD

rob(15;21)(q10;q10)c, often associated iAMP21
TP53 (Li—Fraumeni syndrome)

Lynch syndrome (mismatch repair deficiency) (see Table 1.1)

RAS-activating syndromes: NRAS, PTPN11, NF1, CBL

PAXS mutation with somatic deletion of the normal allele (B-ALL) [19]

ETV6 including inherited translocation (B-ALL) [20]

IKZF1 (IKAROS) inactivating mutation or deletion (B- or T-ALL, preceded by

immune deficiency) [17,21]

IKZF1 mutation, B-ALL in the absence of immune deficiency [19]

Bloom syndrome: BLM

Ataxia telangiectasia (T-ALL): ATM

Xeroderma pigmentosum: XPC null mutation

SH2B3
RUNX1
TYK2

Polymorphism
TP63 [18,19]

ARIDSB, CEBPE, GATA3, IKZF1, IKZF3, CDKN2A, CDKN2B, ERG, PIP4K2A,

result from mutation in SH2B3 (associated with auto-
immunity) and PAXS, and from mutation or deletion
of ETV6 [8,12,13] and from polymorphisms in other
genes (Table 1.2).

The incidence of therapy-related AML, MDS and
ALL is increased in Li—Fraumeni syndrome [22].
The significance of cases of AML and MDS that
have followed gene therapy for sickle cell disease is
not yet clear [23]. Predisposition to juvenile myelo-
monocytic leukaemia is discussed further in
Chapter 5.

There is a familial predisposition to chronic lym-
phocytic leukaemia.

Cytotoxic chemotherapy, immunosuppressive
therapy and acquired aplastic anaemia predispose to
MDS and AML. To a lesser extent, cytotoxic chem-
otherapy predisposes to ALL and mixed phenotype
acute leukaemia (MPAL). Irradiation predisposes
also to AML, ALL and chronic myeloid leukaemia
(CML). Obesity is a risk factor for CML [24].

The importance of classification

The purpose of any pathological classification is to
bring together cases that have fundamental similari-
ties and that are likely to share features of causation,
pathogenesis and natural history. Making an accurate
diagnosis of a haematological neoplasm is crucial for
selection of the most appropriate treatment. Since
there are many dozens, if not hundreds, of different
types of leukaemia it is essential to have a classifica-
tion that an individual case can be related to.
Identification of homogeneous groups of biologically
similar cases is important as it permits an improved
understanding of the leukaemic process and ulti-
mately benefits individual patients. Since such diag-
nostic categories or subgroups may differ from each
other in the cell lineage affected, natural history, opti-
mal choice of treatment, and prognosis with and
without treatment, their recognition permits the
development of a selective evidence-based therapeutic



approach with a resultant overall improvement in
outcome. Identifying valid diagnostic categories also
increases the likelihood of causative factors and
pathogenetic mechanisms being recognised.

The diagnosis and classification of leukaemia is
based initially on morphology. A significant
advance in the diagnosis and morphological classi-
fication of leukaemias occurred with the develop-
ment of the French—American—British (FAB)
classification of acute leukaemia [25-29], and
subsequently of other leukaemias and related
conditions. This classification, developed by a col-
laborating group of French, American and British
haematologists provided clearly defined criteria,
permitting uniform diagnosis and classification of
these diseases over three decades. The FAB classifi-
cation was based on morphology supplemented by
cytochemistry and to some extent by immunophe-
notyping. Over the last one and a half decades the
FAB classification has been increasingly supple-
mented and replaced by the 4th, revised 4th and
5th editions of the WHO Classification of Tumours
of Haematopoietic and Lymphoid Tissues. The
WHO (World Health Organization) classification
is based on morphology (either cytology or
histology) but also makes extensive use of immu-
nophenotyping and of cytogenetic and molecular
genetic analysis with defining genetic abnormali-
ties taking precedence in the latest iteration.
Unfortunately, from 2022 onwards there have been
two not always compatible classifications of hae-
matological neoplasms, the 5th edition of the WHO
classification [30] and the International Consensus
Classification of myeloid and lymphoid neo-
plasms [31]. These are dealt with in detail in subse-
quent chapters. The FAB classification continues to
provide a useful shorthand description of morpho-
logical subtypes. It is of value in the preliminary
evaluation of a case, since a careful morphological
assessment indicates which supplementary tests
are indicated and provides a context in which such
tests can be interpreted. The FAB classification also
remains in use in circumstances where immu-
nophenotypic and genetic analysis is not readily
available, and in this circumstance it is important
that cytochemistry is not neglected. However, since
a precise diagnosis is important for choice of
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treatment it is desirable that even resource-poor
countries try to establish those diagnostic methods
that are essential for optimal patient management
and outcome.

For clarity, it is important that FAB designations
(which have a precise, carefully defined meaning)
are not applied to WHO categories for which the
diagnostic criteria differ.

The nature and classification
of acute leukaemia

Acute leukaemia comprises a heterogeneous group
of conditions that differ in aetiology, pathogenesis,
molecular mechanisms, optimal treatment and
prognosis. The heterogeneity is reduced when cases
of acute leukaemia are divided into AML, ALL and
MPAL; even then, however, considerable heteroge-
neity remains within each of the groups.

Although the best criteria for categorising a case
of acute leukaemia as myeloid or lymphoid may be
disputed, the importance of such categorisation is
beyond doubt. Not only does the natural history dif-
fer but the best current modes of treatment are still
sufficiently different for an incorrect categorisation
to adversely affect prognosis. Assigning patients to
subtypes of AML or ALL is becoming increasingly
important as the benefits of more targeted treat-
ment are identified. Similarly, the suspected poor
prognosis of MPAL suggests that the identification
of such cases may lead to a different therapeutic
approach and an improved outcome. Cases of acute
leukaemia can be classified on the basis of morphol-
ogy, cytochemistry, immunophenotype, cytogenetic
abnormality or molecular genetic abnormality, or by
combinations of these characteristics. Morphology
and cytochemistry of acute leukaemia will be dis-
cussed in this chapter, other diagnostic techniques
in Chapter 2, and the integration of all these tech-
niques in the WHO and International Consensus
classifications in Chapter 3. The cytochemical stains
most often employed in acute leukaemia are sum-
marised in Table 1.3 [32-34].

Patients may be assigned to the same or different
subgroups depending on the characteristics studied
and the criteria selected for separating subgroups.

5
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Table 1.3 Cytochemical stains of use in the diagnosis and classification of acute leukaemia [32-34].

Cytochemical stain

Specificity

Myeloperoxidase (MPO)

Sudan black B (SBB)

Naphthol AS-D chloroacetate
esterase (chloroacetate esterase,
CAE, ‘specific’ esterase)

a-Naphthyl acetate esterase
(ANAE) (‘non-specific’ esterase)

a-Naphthyl butyrate esterase

(ANBE) (‘non-specific’ esterase)
Periodic acid—Schiff (PAS)*

Acid phosphatase*

Toluidine blue

Perls stain

Stains primary and secondary granules of cells of neutrophil lineage, eosinophil
granules (granules appear solid), granules of monocytes and Auer rods; granules
of normal mature basophils do not stain

Stains primary and secondary granules of cells of neutrophil lineage, eosinophil
granules (periphery of granule may stain or granules may appear to have a solid
core), granules of monocytes and Auer rods; basophil granules are usually
negative but sometimes show metachromatic staining (red/purple)

Stains neutrophil and mast cell granules; Auer rods are usually negative except
in acute myeloid leukaemia associated with t(15;17)(q24.1;q21.2) and t(8;21)
(q22;q22.1)

Stains monocytes and macrophages, megakaryocytes and platelets, most
T lymphocytes and some T lymphoblasts (focal); may be expressed by
melanoma cells [13]

Stains monocytes and macrophages; variable staining of T lymphocytes

Stains cells of neutrophil lineage (granular, increasing with maturation),
leukaemic promyelocytes (diffuse cytoplasmic), eosinophil cytoplasm (but not
granules), basophil cytoplasm (blocks), monocytes (diffuse plus granules),
megakaryocytes and platelets (diffuse plus granules), some T and

B lymphocytes, and many leukaemic blast cells (blocks, B more than T)

Stains neutrophils, most T lymphocytes, T lymphoblasts (focal); variable
staining of eosinophils, monocytes and platelets; strong staining of
macrophages, plasma cells and megakaryocytes and some leukaemic
megakaryoblasts

Stains basophil and mast cell granules

Stains haemosiderin in erythroblasts, macrophages and, occasionally,
plasma cells

* These cytochemical stains are largely redundant if immunophenotyping is available, but see Chapter 8.

All classifications necessarily have an element of
arbitrariness, particularly since they need to incor-
porate cut-off points for continuous variables such
as the percentage of cells falling into a defined mor-
phological category, positivity for a certain cyto-
chemical reaction, or the presence of a certain
immunological marker. An ideal classification of
acute leukaemia must be biologically relevant. If it is
to be useful to the clinical haematologist, as well as
to the research scientist, it should also be readily
reproducible and easily and widely applicable. Rapid
categorisation should be possible so that therapeu-
tic decisions can be based on the classification. The
classification should be widely acceptable and

should change as little as possible over time so that
valid comparisons can be made between different
groups of patients. Ideal classifications of acute leu-
kaemia do not yet exist, although many have been
proposed.

The nature and classification of the
myelodysplastic syndromes

The myelodysplastic syndromes are a group of mye-
loid neoplasms that are closely related to AML and
in some cases precede it. Like AML, they result
from mutation of a multipotent or, occasionally, a



pluripotent haemopoietic stem cell. They are char-
acterised by ineffective haemopoiesis, that is, there
is usually a normocellular or hypercellular bone
marrow but despite this there is peripheral cytope-
nia as a result of an acquired intrinsic defect in mye-
loid maturation; there is an increased rate of death
of precursor cells in the bone marrow (by a process
known as programmed cell death, or apoptosis)
leading to a failure of production of adequate num-
bers of normal mature cells. MDS is also character-
ised by morphologically abnormal maturation,
referred to as dysplasia. However, it should be noted
that dysplasia is not specific for MDS, or even for a
myeloid neoplasm. MDS evolves into AML as a
result of further mutations that interfere with mye-
loid maturation leading to a progressive accumula-
tion of blast cells. Not only may MDS evolve into
AML, but also patients presenting with apparently
de novo AML may have associated dysplastic fea-
tures. AML evolving from MDS and AML with
associated dysplasia are likely to be closely related
conditions. MDS is very heterogeneous, in some
patients persisting unchanged for many years and in
others leading to death from acute leukaemia or
from the complications of bone marrow failure in a
relatively short period of time. An adequate classifi-
cation of MDS must therefore be directed at recog-
nising categories of disease that differ in prognosis
or that indicate a particular, sometimes relatively
specific, choice of treatment. The diagnosis and
classification of this group of disorders is dealt with
in detail in Chapter 4.

The nature and classification of
chronic myeloid leukaemias
and myelodysplastic/
myeloproliferative neoplasms

The chronic myeloid leukaemias can result from a
mutation either in a multipotent myeloid stem cell
or in a pluripotent lymphoid-myeloid stem cell. In
contrast to the majority of cases of AML, they are
characterised by an increased peripheral blood
count of mature granulocytes. Usually neutrophils
predominate but often there is also an increase in

Cytology, Cytochemistry and Morphological Classification

eosinophils and basophils; less often the dominant
cell is the eosinophil. Monocytes may also be
increased. When the leukaemic clone derives from a
pluripotent stem cell, the lymphoid component may
be apparent before the myeloid component, simul-
taneously or subsequently. Irrespective of the tim-
ing of the appearance of the lymphoid component,
the lymphoid cells are immature and their appear-
ance represents evolution of the disease, known as
acute transformation.

The chronic myeloid leukaemias are classified
partly on morphological criteria, which in the past
were supplemented by cytochemistry (a neutrophil
alkaline phosphatase (NAP) score). However, when a
specific cytogenetic or molecular genetic abnormal-
ity has been found to characterise a subtype of
chronic myeloid leukaemia it becomes of considera-
ble importance to incorporate this into any scheme
of classification. A crucial distinction is between
chronic myeloid leukaemias with and without a
translocation between chromosomes 9 and 22 that
leads to the formation of an abbreviated chromo-
some 22 known as the Philadelphia (Ph) chromo-
some. Chronic myeloid leukaemia with t(9;22)
(q34.1;q11.2) has been variously referred to as
‘chronic granulocytic leukaemia, ‘chronic myeloge-
nous leukaemia; ‘chronic myelogenous leukaemia,
BCR-ABLI positive’ and ‘chronic myeloid leukaemia’
The designation chronic myeloid leukaemia will be
generally used in this book since it is the term now
favoured in the WHO and International Consensus
classifications, but it is not an ideal term since it is
also used as a generic term and is thus ambiguous.

Chronic myeloid leukaemia is similar in nature to
other myeloproliferative neoplasms (MPN) such as
polycythaemia vera, essential thrombocythaemia
and primary myelofibrosis, with which it is grouped.
In these related conditions differentiation is to
erythrocytes in polycythaemia vera, to platelets in
essential thrombocythaemia, to all myeloid lineages
in primary myelofibrosis, and to neutrophils in
chronic neutrophilic leukaemia. The distinguishing
features of primary myelofibrosis are extramedul-
lary haemopoiesis and bone marrow fibrosis, which
despite the name is not actually ‘primary’ but is
reactive to the myeloid neoplasm. These other
MPN can undergo clonal evolution, including
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evolution to a chronic myeloid leukaemia and blast
transformation.

Certain other chronic myeloid leukaemias are
associated with specific molecular abnormalities
and are classified on this basis. These include cases
with mutation of genes encoding proteins on signal-
ling pathways, including rearrangement of PDGFRA,
PDGFRB, FGFRI and JAK2. Such cases are classi-
fied on the basis of the molecular abnormality.

Other chronic myeloid leukaemias are more
closely related to MDS than to MPN and are thus
classified as myelodysplastic/myeloproliferative
neoplasms (MDS/MPN). MPN are characterised by
effective proliferation of myeloid cells and increased
numbers of end cells, whereas MDS are character-
ised by ineffective proliferation, morphological dys-
plasia and inadequate numbers of end cells of one or
more lineages. When a condition shows effective
proliferation of cells of one lineage and ineffective
proliferation of cells of another lineage with associ-
ated dysplasia it is classified as MDS/MPN. If these
overlap syndromes also have a high white blood cell
count (WBC) they can legitimately be regarded as a
form of (Ph-negative) chronic myeloid leukaemia.
Juvenile myelomonocytic leukaemia (JMML), atypi-
cal chronic myeloid leukaemia (aCML) and chronic
myelomonocytic leukaemia (CMML) have generally
been classified as subtypes of MDS/MPN.

The MDS/MPN are discussed in detail in
Chapter 5, and other chronic myeloid leukaemias in
Chapter 6.

The nature and classification
of lymphoid neoplasms

Lymphoid neoplasms can be categorised in two
ways, according to the immaturity of the cell or
according to the presence or absence of ‘leukaemia’
as a key feature of a type of disease. A lymphoid leu-
kaemia is a neoplasm in which the predominant
manifestations are in the blood and bone marrow,
whereas the term ‘lymphoma’ refers to a disease
characterised by a neoplastic proliferation of cells of
lymphoid origin in organs and tissues such as lymph
nodes, spleen, thymus and skin.

In some lymphoid neoplasms, the neoplastic cells
are lymphoblasts, cells that are cytologically and
immunophenotypically immature. If lymphoblasts
are present in the bone marrow, with or without
overspill into the blood, the condition is designated
ALL. Primary infiltration of other lymphoid organs
or tissues by lymphoblasts is designated lympho-
blastic lymphoma. In either case the lymphoblasts
can be of either B lineage or T lineage, although
ALL is more often of B lineage and lymphoblastic
lymphoma more often of T lineage. In the WHO
classification, lymphoid precursor neoplasms are
designated ‘B-lymphoblastic leukaemia/lymphoma’
and “T-lymphoblastic leukaemia/lymphoma’

In other lymphoid neoplasms the neoplastic cells
are mature, and again a given condition is regarded as
‘leukaemia’ or ‘lymphoma’ according to the usual
manifestations of the disease. However, again there is
overlap. Thus the most common leukaemia of mature
lymphoid cells, chronic lymphocytic leukaemia, has
a tissue counterpart designated ‘small lymphocytic
lymphoma’ in which the peripheral blood lympho-
cyte count is not elevated. Similarly, a rare subtype of
mature T-cell neoplasm, designated adult T-cell leu-
kaemia/lymphoma, presents as leukaemia in about
90% of patients and as lymphoma in about 10%.
Conditions that predominantly present as lympho-
mas can also have a leukaemic phase when there is
extensive disease or with disease progression. This is
often the case with mantle cell ymphoma and some-
times with follicular lymphoma. It should be noted
that leukaemias and lymphomas of immunopheno-
typically mature lymphocytes do not necessarily have
cells that resemble normal mature lymphocytes cyto-
logically. The neoplastic cells may be very large and
appear very abnormal. They are also not necessarily
clinically indolent; some, such as Burkitt lymphoma,
are as clinically aggressive as acute leukaemia.

Defining a blast cell, a promyelocyte
and a promonocyte

Blast cells are large cells with a high nucleocytoplas-
mic ratio, often nucleoli and usually a delicate, diffuse
chromatin pattern although some lymphoblasts are



smaller with some chromatin condensation. The
enumeration of blasts in the bone marrow is crucial
in the diagnosis of acute leukaemia, and the defini-
tion of a blast cell is therefore important. Whether
immature myeloid cells containing small numbers
of granules are classified as blasts is a matter of con-
vention. The FAB group chose to classify such cells
as myeloblasts rather than promyelocytes. They rec-
ognised two types of myeloblast [35]. Type I blasts
lack granules and have a diffuse chromatin pattern,
a high nucleocytoplasmic ratio and usually promi-
nent nucleoli. Type II blasts resemble type I blasts
except for the presence of a few azurophilic granules
and a somewhat lower nucleocytoplasmic ratio.
Type II blast cells may contain Auer rods (see page 22)
rather than granules; less often they contain large
rectangular crystals [36] or large inclusions (pseudo-
Chédiak-Higashi inclusions). Auer rods and
pseudo-Chédiak—-Higashi granules may coexist in
the same blast cell (Fig. 1.1) and Auer rods can be
seen within such granules [37]. Occasionally, blast
cells contain micronuclei, which may represent
acentric chromosomal fragments, damaged single
chromosomes or amplified oncogenes [38]. Rarely
leukaemic myeloblasts have aberrant condensation
of chromatin into large blocks [39].

Fig. 1.1 Peripheral blood (PB) film of
a patient with acute myeloid
leukaemia (AML) showing some blast
cells containing Auer rods and others
containing pseudo-Chédiak-Higashi
granules. May-Griinwald-Giemsa
(MGG) x100 objective. (With thanks
to Dr Abbas Hashim Abdulsalam,
Baghdad.)

Cytology, Cytochemistry and Morphological Classification

The International Working Group on Morphology
of MDS (IWGM-MDS) revised the definition of a
blast cell, accepting as blasts cells that have more
than scanty granules but lacking other characteris-
tics of promyelocytes [40]. They have divided blast
cells into ‘agranular blasts’ and ‘granular blasts’ This
definition of a blast cell was accepted in the WHO
classifications.

Cells are categorised as promyelocytes rather than
type II/III or granular blasts when they develop an
eccentric nucleus, more abundant cytoplasm, a Golgi
zone and some chromatin condensation (but with the
retention of a nucleolus). The cytoplasm, except in the
pale Golgi zone, remains basophilic. Cells that have
few or no granules, but that show the other character-
istics of promyelocytes, are regarded as hypogranular
or agranular promyelocytes rather than as blasts.
Examples of cells classified as type I, IT and III blasts
and as promyelocytes are shown in Figs 1.2, 1.3, 1.4
and 1.5. The great majority of lymphoblasts lack gran-
ules and are therefore type I blasts; they resemble
myeloblasts but are often smaller with scanty cyto-
plasm and may show some chromatin condensation
(see Table 1.13). Granular blast cells are generally
myeloid, but occasionally lymphoblasts have a few
myeloperoxidase-negative granules. Rarely there are

9
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(a)

(b)

Fig. 1.2 PB film of a patient with AML showing: (a) a type
Il blast with scanty azurophilic granules; (b) a
promyelocyte with more numerous granules and a Golgi
zone in the indentation of the nucleus. MGG x100.

prominent granules [41]. Rarely lymphoblasts contain
inclusions resembling Russell bodies but unrelated to
immunoglobulin [42,43].

Monoblasts (Fig. 1.5a) differ from myeloblasts in
being larger with more voluminous cytoplasm. The

cytoplasm is moderately to markedly basophilic and
may have fine granules or vacuoles. The nucleus is
round or somewhat oval with a dispersed chromatin
pattern and often a large single nucleolus. The cell may
be round or have an irregular cytoplasmic margin.

A promonocyte has been described in similar
terms by the FAB group and in the WHO classifica-
tion. Since the WHO classification regards the
promonocyte as a ‘blast equivalent’ in the diagnosis
of myeloid neoplasms, its recognition has become
of considerable importance. The misclassification of
immature or abnormal monocytes as promonocytes
can lead to a disease being categorised as AML
rather than as MDS or CMML.

A promonocyte (Figs 1.5b and 1.6) is a large cell
with an irregular or convoluted nucleus. The cyto-
plasm is weakly or moderately basophilic. The cyto-
plasm may be vacuolated or contain granules. The
chromatin pattern is diffuse, like that of a mono-
blast. A nucleolus with similar characteristics may
be present or the nucleolus may be smaller. It is the
features of the nucleus that permit a distinction
between a monoblast and a promonocyte; both have
the same delicate or dispersed chromatin pattern
but the monoblast has a regular nucleus whereas
that of the promonocyte is irregular.

Promonocytes must be distinguished from imma-
ture or atypical monocytes, which have some chro-
matin condensation and rarely have nucleoli, these

Fig. 1.3 Bone marrow (BM) film of a
patient with AML, French-American—
British (FAB) M2/t(8;21)(q22;021.2),
showing a cell that has scanty
granules but nevertheless would be
classified as a promyelocyte rather
than a blast because of its low
nucleocytoplasmic ratio; defective
granulation of a myelocyte and a
neutrophil is also apparent. Type |
and type Il blasts are also present.
MGG x100.



Fig. 1.4 BM film from a patient with
FAB M2 AML showing: (a) a type | blast
cell (left of centre) and a type Il blast
cell with scanty granules (centre);

(b) a type Il (granular) blast cell with
numerous granules but with a central
nucleus and no Golgi zone; there are
also three type | blast cells and a
dysplastic erythroblast. MGG x100.

being the essential features that differentiate them
from promonocytes. They have lobulated or
indented nuclei and cytoplasm that shows variable
basophilia and may have granules or vacuoles; the
cytoplasmic outline may be irregular.

The FAB classification of acute
leukaemia

The FAB classification of acute leukaemia was first
published in 1976 and was subsequently expanded,
modified and clarified [25-29]. It deals with both
diagnosis and classification.

Cytology, Cytochemistry and Morphological Classification

Diagnosing acute leukaemia

The diagnosis of acute leukaemia usually starts from
a clinical suspicion. It is uncommon for this diagnosis
to be incidental, resulting from the performance of a
blood count for a quite different reason. Clinical fea-
tures leading to suspicion of acute leukaemia include
pallor, fever or other signs of infection, pharyngitis,
petechiae and other haemorrhagic manifestations,
bone pain, hepatomegaly, splenomegaly, lymphade-
nopathy, gum hypertrophy and skin infiltration.
Rarely presentation is with features of hypercalcae-
mia. A suspicion of acute leukaemia generally leads
to a blood count and film being performed and, if this
shows a relevant abnormality, to a bone marrow
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(a)

(b)

aspiration. The diagnosis then rests on an assessment
ofthe peripheral blood and bone marrow. Radiological
features can also be of value, with a mediastinal mass
being strongly suggestive of T-lineage ALL.

The peripheral blood in AML usually shows leu-
cocytosis, anaemia and thrombocytopenia. The leu-
cocytosis reflects the presence of circulating blast
cells, while the number of neutrophils is usually
reduced and few cells of intermediate stages of mat-
uration are seen (hiatus leukaemicus). In some
patients the total WBC is normal or low and, in the
latter group, circulating blast cells may be infre-
quent or even absent. In a minority of patients, there
are increased eosinophils and, considerably less

Fig. 1.5 BM film from a patient

with FAB M5 AML showing: (a) a
monoblast and a neutrophil; (b)
two promonocytes. MGG x100.

often, increased basophils. There may be evidence
of dysplastic maturation such as poikilocytosis and
macrocytosis, hypolobated or agranular neutro-
phils, or hypogranular/agranular or giant platelets.
Rarely there are hyperlobated neutrophils [44].

The peripheral blood film in ALL may show leu-
cocytosis resulting from the presence of considera-
ble numbers of circulating blast cells, but many
patients have a normal total leucocyte count, and
blast cells may be infrequent or even absent. In one
large study of children and adolescents, 14.7% of
patients presented with circulating blast cells absent
or less than 1%, this being more common in those
with hyperdiploidy and in B-lineage rather than



Fig. 1.6 BM film from a patient with
FAB M5 AML showing a
promonocyte and three
monoblasts; the promonocyte has
an irregular nucleus but otherwise
is very similar to the three
monoblasts. MGG x100.

T-lineage disease [45]. There is usually anaemia,
neutropenia or thrombocytopenia, but sometimes
the neutrophil count, platelet count or even both are
normal and occasionally the platelet count is actu-
ally increased. In contrast to AML, the myeloid cells
do not show any dysplastic features. A minority of
patients have a reactive eosinophilia. In the rare
cases in which leukaemic lymphoblasts are heavily
granulated, myeloperoxidase cytochemistry or
immunophenotyping is essential in making the cor-
rect diagnosis [41,46].

The FAB classification requires that peripheral
blood and bone marrow films be examined and that
differential counts be performed on both. In the
case of the bone marrow, a 500-cell differential
count is required. Acute leukaemia is diagnosed if
one of the following three features is present:

1) At least 30%* of the total nucleated cells in the
bone marrow are blast cells; or

2) The bone marrow shows erythroid predomi-
nance (erythroblasts >50% of total nucleated

*It should be noted that the criterion of at least 30% blast
cells has been altered, in the 2022 WHO and International
Consensus classifications, to at least 20% blast cells and, in
some genetic subtypes, to at least 10% blast cells (see
Chapter 3).
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cells) and at least 30% of non-erythroid cells are
blast cells (lymphocytes, plasma cells and mac-
rophages also being excluded from the differen-
tial count of non-erythroid cells); or

3) The characteristic morphological features of
acute promyelocytic leukaemia (see page 25) are
present.

Cases of ALL will be diagnosed on the first crite-
rion since erythroid hyperplasia does not occur in
this condition, but the diagnosis of all cases of
AML requires application also of the second and
third criteria. The bone marrow in acute leukaemia
is usually hypercellular, or at least normocellular,
but this is not necessarily so since some cases meet
the above criteria when the bone marrow is
hypocellular.

Distinguishing between acute myeloid and acute
lymphoblastic leukaemias

The diagnosis of acute leukaemia using FAB criteria
requires that bone marrow blast cells (type I plus
type II) constitute at least 30% either of total nucle-
ated cells or of non-erythroid cells. The further clas-
sification of acute leukaemia as AML or ALL is of
critical importance. When the FAB classification
was first proposed, tests to confirm the nature of
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lymphoblasts were not widely available. The group
therefore defined as AML cases in which at least 3%
of the blasts gave positive reactions for myeloper-
oxidase (MPO) or with Sudan black B (SBB). Cases
that appeared to be non-myeloid were classed as
‘lymphoblastic. The existence of cases of AML in
which fewer than 3% of blasts gave cytochemical
reactions appropriate for myeloblasts or monoblasts
was not established at this stage, and no such cate-
gory was provided in the initial FAB classification.
In the 1980s and 1990s the wider availability and
application of immunological markers for B- and
T-lineage lymphoblasts, supplemented by ultras-
tructural cytochemistry and the application of
molecular biological techniques to demonstrate
rearrangements of immunoglobulin and T-cell
receptor genes, demonstrated that the majority of
cases previously classified as ‘lymphoblastic’ were
genuinely lymphoblastic but that a minority were
myeloblastic with the blast cells showing only mini-
mal evidence of myeloid differentiation.” These lat-
ter cases were designated MO AML [29]. It should
be noted that SBB is more sensitive than MPO in the
detection of myeloid differentiation, and more cases
will be categorised as M1 rather than MO if it is
used [47].

Correct assignment of patients to the categories of
AML and ALL, respectively, is very important for
prognosis and choice of therapy. Appropriate tests to
make this distinction must therefore be employed.
Despite the advances in immunophenotyping, cyto-
chemical reactions remain useful in the diagnosis of
AML [48], particularly in resource-limited settings.
Cytochemical demonstration of MPO activity can
give prognostic information, since a higher percent-
age of MPO-positive blasts is strongly associated
with a better prognosis [49]. The FAB group recom-
mended the use of MPO, SBB and non-specific

"In discussing the FAB classification we have used the terms
‘differentiation’ and ‘maturation’ in the sense in which they
were used by the FAB group, that is, with differentiation
referring to an alteration in gene expression that commits a
multipotent stem cell to one pathway or lineage rather than
another, and maturation indicating the subsequent changes
within this cell and its progeny as they mature towards end
cells of the lineage.

esterase (NSE) stains. If cytochemical reactions for
myeloid cells are negative, a presumptive diagnosis
of ALL should be confirmed by immunophenotyp-
ing. When immunophenotyping is available the acid
phosphatase reaction and the periodic acid—Schiff
(PAS) reaction (the latter identifying a variety of car-
bohydrates including glycogen) are no longer indi-
cated for the diagnosis of ALL. When cytochemical
reactions indicative of myeloid differentiation and
immunophenotyping for lymphoid antigens are both
negative, immunophenotyping to demonstrate mye-
loid antigens and thus identify cases of MO AML is
necessary; the panel of antibodies used for charac-
terising suspected acute leukaemia should include
antibodies directed at both lymphoid and myeloid
antigens so that the one procedure will identify both
MO AML and ALL. It should be noted that when
individuals with an inherited MPO deficiency
develop AML, leukaemic cells will give negative
reactions for both MPO and SBB.

Defining remission

Morphological remission in acute leukaemia is
often defined as the absence of clinical evidence of
leukaemia (e.g. no extramedullary disease) with
bone marrow blast cells being less than 5%, no
Auer rods being present, the neutrophil count
being at least 1 x 10°/1 and the platelet count being
at least 100 x 10%/1 [50]. A bone marrow blast per-
centage of less than 5% has been validated as a cri-
terion [51]. Sometimes the definition includes a
provision that these criteria are met for a minimum
of 1 month or that, if immunophenotypic analy-
sis is carried out, there is no persistence of a
leukaemia-associated immunophenotype. A more
strictly defined remission is a cytogenetic remis-
sion, which requires there to be no cytogenetic
evidence of a persisting leukaemic clone [50].
Similarly, a molecular complete remission requires
that there be no molecular evidence of minimal
(measurable) residual disease [50].

The incidence of acute leukaemia

Acute myeloid leukaemia has a low incidence in
childhood, less than one case per 100 000/year.
Among adults the incidence rises increasingly rap-
idly with age, from approximately 1/100 000/year in



the fourth decade to approximately 10/100 000/year
in those over 70 years. AML is commoner in males
than in females. US surveys have shown AML to
have a higher age-adjusted incidence in non-
Hispanic whites than in blacks, Asian/Pacific island-
ers and Hispanics [52]. ALL is most common in
childhood, although cases occur at all ages. In chil-
dren up to the age of 15 years, the overall incidence
is of the order of 2.5-3.5/100 000/year; the disease is
more common in males than in females. In child-
hood, ALL is more common than AML, except
under the age of 1 year. ALL has also been observed
to be more common in Caucasians than in those of
African ancestry, but this appears to be related to
environmental factors rather than being a genetic
difference since the difference disappears with an
alteration in socioeconomic circumstances.

The FAB categories and other morphological
categories of acute myeloid leukaemia

Once criteria for the diagnosis of AML have been
met and cases have been correctly assigned to the
broad categories of myeloid or lymphoid, further
classification can be carried out. The FAB group
suggested that this be based on a peripheral blood
differential count and a 500-cell bone marrow dif-
ferential count, supplemented when necessary by
cytochemistry, studies of lysozyme concentration in
serum or urine, and immunophenotyping; with the
greater availability of immunophenotyping, meas-
urement of lysozyme concentration is no longer in
current use and the use of cytochemistry has
declined markedly. Broadly speaking, AML is cate-
gorised as acute myeloblastic leukaemia without
maturation (M1) and with granulocytic maturation
(M2), acute hypergranular promyelocytic leukaemia
and its variant (M3 and M3V), acute myelomono-
cytic leukaemia (M4), acute monoblastic (M5a) and
monocytic (M5b) leukaemia, acute erythroleukae-
mia (M6) and acute megakaryoblastic leukaemia
(M7). MO is AML without maturation and with
minimal evidence of myeloid differentiation. In
addition to the above categories there are several
very rare types of AML that are not included in the
FAB classification. These include mast cell leukae-

Cytology, Cytochemistry and Morphological Classification

mia and Langerhans cell leukaemia. In addition, the
diagnosis of hypoplastic AML requires considera-
tion. Transient abnormal myelopoiesis of Down
syndrome (see page 215) should also be regarded as
a variant of AML.

Acute myeloid leukaemia with minimal

evidence of myeloid differentiation:

MO acute myeloid leukaemia

The FAB criteria for the diagnosis of MO AML are
shown in Table 1.4 and the morphological and
immunocytochemical features are illustrated in
Figs 1.7 and 1.8. The blasts in MO AML usually
resemble M1 myeloblasts or L2 lymphoblasts (see
page 56) but in a minority of cases they resemble the
monoblasts of M5 AML. Associated dysplastic fea-
tures in erythroid and megakaryocyte lineages may
provide indirect evidence that a leukaemia is mye-
loid not lymphoid. Dysplastic features are present in
up to a quarter of cases. Definite evidence of mye-
loid differentiation that permits assignment to this
category may be provided by the following:

1) The demonstration of ultrastructural features of
cells of granulocytic lineage, e.g. characteristic
basophil granules (Table 1.5) [53-58].

2) The demonstration of cytoplasmic MPO activity
by ultrastructural cytochemistry (Table 1.6;
Fig 1.9) [47,54,59,60].

3) The demonstration of cytoplasmic MPO protein
by immunocytochemistry or flow cytometric
immunophenotyping with an anti-MPO mono-
clonal antibody.

Table 1.4 Criteria for the diagnosis of acute myeloid
leukaemia of M0 category (acute myeloid leukaemia
with minimal evidence of myeloid differentiation).

o Blasts >30% of bone marrow nucleated cells
e Blasts >30% of bone marrow non-erythroid cells*

e <3% of blasts positive for Sudan black B or for
myeloperoxidase by light microscopy

o Blasts demonstrated to be myeloblasts by
immunological markers or by ultrastructural
cytochemistry

* Exclude also lymphocytes, plasma cells, macrophages and
mast cells from the count.
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Fig. 1.7 PB and BM preparations
from a patient with FAB MO AML. (a)
BM film stained by MGG showing
agranular blasts. MGG x100. (b)
Immunoperoxidase reaction of PB
cells in a cytospin preparation
stained with a CD13 monoclonal
antibody (McAb) showing many
strongly positive blasts; the blasts
were also positive for CD34, human
leucocyte antigen DR (HLA-DR) and
terminal deoxynucleotidyl
transferase (TdT). Immunoperoxidase
x100.

Fig. 1.8 BM film of a patient with
FAB M0 AML showing agranular
pleomorphic blasts with a high
nucleocytoplasmic ratio; the
presence of a neutrophil with a
nucleus of abnormal shape suggests
the correct diagnosis. MGG x100.
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Table 1.5 Ultrastructural characteristics distinguishing blast cells and other immature leukaemic cells from each
other [53-58].

Myeloblasts of neutrophil lineage

Small, medium or large granules; sometimes Auer rods, which may be homogeneous or composed of longitudinal
tubules or dense material with a periodic substructure [55]

Promyelocytes of promyelocytic leukaemia

In hypergranular promyelocytic leukaemia the cytoplasm is packed with granules ranging from 120 to 1000 nm in
diameter [56,57]; in the variant form of hypergranular promyelocytic leukaemia the granules are much smaller,
ranging from 100 to 400 nm, with some cells being packed with granules and others being agranular. Auer rods in
promyelocytic leukaemia differ from those in M1 and M2 acute myeloid leukaemia (AML); they are composed of
hexagonal structures and have a different periodicity from other Auer rods [57]; microfibrils and stellate
configurations of rough endoplasmic reticulum are also characteristic of M3 AML, particularly M3 variant [58]

Mpyeloblasts of eosinophil lineage

Granules tend to be larger than those of neutrophil series; homogeneous in early cells, in later cells having a
crystalline core set in a matrix; sometimes there is asynchrony with granules lacking a central core, despite a mature
nucleus. Auer rods similar to those of the neutrophil lineage may be present [55]

Mpyeloblasts of basophil or mast cell lineage*

Basophil granules may be any of three types: (i) large, electron-dense granules composed of coarse particles; (ii) pale
granules composed of fine particles; or (iii) O granules, which are small granules containing pale flocculent material
and bisected by a membrane [54]. Mast cell precursors sometimes have granules showing the scrolled or whorled
pattern that is characteristic of normal mast cells

Monoblasts and promonocytes

Monoblasts are larger than myeloblasts and cytoplasm may be vacuolated. Granules are smaller and less numerous
Megakaryoblasts

More mature megakaryoblasts show « granules, bull’s eye granules and platelet demarcation membranes

Early erythroid precursors

Immature cells can be identified as erythroid when they contain aggregates of ferritin molecules or iron-laden
mitochondria or when there is rhopheocytosis (invagination of the surface membrane in association with
extracellular ferritin molecules)

* Sometimes in myeloid leukaemias and myeloproliferative neoplasms there are cells containing a mixture of granules of
basophil and mast cell type.

4) The demonstration of other antigens character-
istic of myeloid cells by the use of monoclonal
antibodies such as cluster of differentiation 13
(CD13), CD14, CD15, CD33, CD64, CD65 and
CD117 (but without expression of platelet-
specific antigens, which would lead to the case
being categorised as AML M?7).

[61] but its expression may not be restricted to mye-
loid cells [62].

Flow cytometric immunophenotyping is now
widely used for identifying cases of MO AML and as a
consequence other techniques are now largely redun-
dant. However, alternative techniques remain useful
for the identification of immature cells of basophil,
mast celland eosinophillineage. Imnmunophenotyping

Although not included in the criteria suggested by
the FAB group, the demonstration of messenger
RNA (mRNA) for MPO has also been suggested as a
criterion for recognition of myeloid differentiation

shows that the most specific lymphoid markers —
CD3 and CD22 — are not expressed in MO AML but
there may be expression of less specific lymphoid-
associated antigens such as CD2, CD4, CD7, CD10
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Table 1.6 Ultrastructural cytochemistry in the identification of blast cells and other immature cells of different myeloid

lineages [47,54,59,60].

Myeloblasts of neutrophil lineage

MPO activity in endoplasmic reticulum, perinuclear space, Golgi zone, granules and Auer rods (if present); detected
by standard technique for MPO and by PPO techniques (reviewed in reference [47])

Myeloblasts of eosinophil lineage

MPO-positive granules and Auer rods (if present) detected by MPO and PPO techniques

Myeloblasts of basophil or mast cell lineage

Granules may be peroxidase positive or negative; endoplasmic reticulum, perinuclear space and Golgi zone are
rarely positive; more cases are positive by PPO technique than MPO technique

Promyelocytes of acute promyelocytic leukaemia

MPO positivity is seen in granules, Auer rods, perinuclear space and some rough endoplasmic reticulum
profiles [58]; strong lysozyme activity of granules and Auer rods is seen in M3 AML, whereas in M3 variant AML

activity varies from weak to moderately strong [58]

Monoblasts and promonocytes

The first granule to appear in a monoblast is a small, peripheral acid phosphatase-positive granule [59]. MPO
activity appears initially in the perinuclear envelope, Golgi apparatus and endoplasmic reticulum. Subsequently,
mainly at the promonocyte stage, there are small MPO-positive granules. A PPO technique is more sensitive in the
detection of peroxidase-positive granules than an MPO technique. Non-specific esterase activity can also be

demonstrated cytochemically

Megakaryoblasts

PPO activity in endoplasmic reticulum and perinuclear space only [54,60]

Proerythroblasts
PPO-like activity may be present in the Golgi zone

AML, acute myeloid leukaemia; MPO, myeloperoxidase; PPO, platelet peroxidase.

e

Fig. 1.9 Ultrastructural cytochemistry showing
peroxidase-positive granules in a myeloblast.
(By courtesy of the late Professor Daniel Catovsky.)

and CD19, in addition to CD34, human leucocyte
antigen DR (HLA-DR) and terminal deoxynucleoti-
dyl transferase (TdT). CD7 is more often expressed
than in other FAB categories of AML [63].

MO AML has been associated with older age,
higher WBC, adverse cytogenetic abnormalities and
poor prognosis [63—65]. The molecular genetic
abnormalities recognised include a high incidence
of loss-of-function mutations of the RUNXI gene,
most of which are biallelic [63,66]. In a study of 20
genes in 67 patients with leukaemia defined accord-
ing to FAB criteria, the genes most often found to be
mutated were FLT3 (28.4%), followed by mutations
in IDH1 or IDH2 (28.8%), RUNX1 (23.9%), NRAS or
KRAS (12.3%), TET2 (8.2%), DNMT3A (8.1%),
KMT2A (7.8%) and ASXL1 (6.3%) [67].The gene
expression profile of MO AML is distinctive and dif-
fers between cases with and without RUNX1 muta-
tion; the latter show upregulation of B-lineage
related genes [68]. In children, MO AML has been



associated with a lower WBC, more frequent -5/
del(5q), more frequent +21, more frequent hypodip-
loidy and an inferior outcome [69].

Cytochemical reactions in MO acute

myeloid leukaemia

By definition fewer than 3% of blasts are positive for
MPO, SBB and naphthol AS-D chloroacetate esterase
(chloroacetate esterase, CAE) since a greater degree of
positivity would lead to the case being classified as M1
AML. Similarly, blast cells do not show NSE activity,
since positivity would lead to the case being classified
as M5 AML. Maturing myeloid cells may show per-
oxidase deficiency or aberrant positivity for both
chloroacetate and non-specific esterases [70]. Rarely
there is block positivity on a PAS stain [71].

Acute myeloid leukaemia without maturation:

M1 acute myeloid leukaemia

The criteria for diagnosis of M1 AML are shown in
Table 1.7, and the cytological features are illustrated
in Figs 1.10, 1.11, 1.12 and 1.13. M1 blasts are usually
medium to large in size with a variable nucleocyto-
plasmic ratio, a round or oval nucleus, one or more
nucleoli — which range from inconspicuous to promi-
nent — and cytoplasm that sometimes contains Auer
rods, a few granules or some vacuoles. Rarely bundles
of Auer rods are found in mature neutrophils and
metamyelocytes but not in blast cells [72]. Auer rods
are crystalline cytoplasmic structures derived from
primary granules either just after their formation in

Fig. 1.10 PB film of a patient with
FAB M1 AML showing type | and
type Il blasts, some of which are
heavily vacuolated; a promyelocyte
is also present. MGG x100.

Cytology, Cytochemistry and Morphological Classification

Table 1.7 Criteria for the diagnosis of acute myeloid
leukaemia of M1 category (acute myeloid leukaemia
without maturation).

Blasts >30% of bone marrow cells
Blasts >90% of bone marrow non-erythroid cells*
>3% of blasts positive for peroxidase or Sudan black B

Bone marrow maturing monocytic component
(promonocytes to monocytes) <10% of non-
erythroid cells

e Bone marrow maturing granulocytic component
(promyelocytes to polymorphonuclear leucocytes)
<10% of non-erythroid cells

* Exclude also lymphocytes, plasma cells, macrophages and
mast cells from the count.

the cisternae of the Golgi apparatus or by coalescence
of granules within autophagic vacuoles. They were
first described by Thomas McCrae in 1905 and a year
later by John Auer [73-76]. Auer rods are usually seen
as cytoplasmic inclusions. Less often they form
within a cytoplasmic vacuole or, rarely, within a
pseudo-Chédiak—Higashi inclusion (Fig. 1.14) [37].
Similar structures have been reported in rare myeloid
cells in the fetus [77], but otherwise these structures
appear to be specific for myeloid neoplasms. In chil-
dren, the presence of Auer rods has been found to be
associated with a better prognosis [78]. In M1 AML
the blasts are predominantly type I blasts. In some
cases the blasts are indistinguishable from L2 or even
L1 lymphoblasts (see page 56).

\
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M1 AML is arbitrarily separated from M2 AML
by the requirement that no more than 10% of non-
erythroid cells in the bone marrow belong to the
maturing granulocytic component (promyelocytes
to neutrophils).

The M1 category accounts for 15-20% of AML.

Cytochemical reactions in M1 acute

myeloid leukaemia

By definition, M1 AML has a minimum of 3% of
blasts that are positive for MPO or SBB. Hayhoe and
Quaglino [33] found that the SBB reaction is a more

Fig. 1.11 PB film of a patient with
FAB M1 AML showing type | blasts
with cytoplasmic vacuolation and
nuclear lobulation. MGG x100.

Fig. 1.12 Trephine biopsy section
from a patient with FAB M1 AML.
The majority of cells present

are blasts with a high
nucleocytoplasmic ratio and
prominent nucleoli; there are also
some erythroblasts. Resin
embedded, haematoxylin and
eosin (H&E) x100.

sensitive marker of early granulocyte precursors
than MPO. M1 blasts are usually positive for CAE,
although this marker is usually less sensitive than
either MPO or SBB in the detection of neutrophilic
differentiation. Myeloblasts give a weak or negative
reaction for a number of esterases that are more
characteristic of the monocyte lineage, and that are
collectively referred to as non-specific esterases. In
the case of a-naphthyl acetate esterase (ANAE) and
a-naphthyl butyrate esterase (ANBE) the reaction is
usually negative, whereas in the case of naphthol
AS-D acetate esterase (NASDA) there is usually a



Fig. 1.13 Cytochemical reactions in
a patient with FAB M1 AML. (a)
MGG-stained PB film showing
largely type | blasts, which in this
patient are morphologically similar
to lymphoblasts. One leukaemic
cell is heavily granulated and
would therefore be classified as a
promyelocyte; this cell and the
presence of a hypogranular
neutrophil suggest that the correct
diagnosis is M1 AML. MGG x100.
(b) Myeloperoxidase (MPO)-stained
BM film showing two leukaemic
cells with peroxidase-positive
granules and two with Auer rods.
MPO x100. (c) Sudan black B (SBB)
stain of a BM film showing some
blasts with Auer rods and some
with granules. SBB x100.
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(d)

weak fluoride-resistant reaction. Myeloblasts show
diffuse acid phosphatase activity, which varies from
weak to strong. The PAS reaction is usually nega-
tive, but may show a weak diffuse reaction with
superimposed fine granular positivity.

Auer rods give positive MPO and SBB reactions
and occasionally weak PAS reactions. The reaction
for CAE is usually weak or negative [33]. Although
Auer rods are often detectable on a Romanowsky
stain, they are more readily detectable on an MPO
or SBB stain and larger numbers are apparent.
Sometimes they are detectable only with cytochem-
ical stains. Typical cytochemical stains in a case of
M1 AML are shown in Fig. 1.13.

Acute myeloid leukaemia with maturation:

M2 acute myeloid leukaemia

The criteria for the diagnosis of M2 AML are shown
in Table 1.8. In this context, cells included in the
maturing granulocytic category are promyelocytes,
myelocytes, metamyelocytes and granulocytes, and
also cells that differ cytologically from normal pro-
myelocytes but that are too heavily granulated to be
classified as blasts when using FAB criteria. Typical
cytological and cytochemical features in M2 AML
are shown in Figs 1.15, 1.16 and 1.17. In contrast to
M1 AML, blasts are often predominantly type IL
Auer rods may be present. In children, Auer rods
have been associated with a better prognosis [78],
probably because of an association between Auer

Fig. 1.13 (Continued)

(d) Chloroacetate esterase (CAE)
stain of a BM film showing a
positive neutrophil and a positive
blast; other blasts present are
negative. CAE x100.

rods and t(8;21) (see Chapter 3). Dysplastic features,
such as hypo- or hypergranularity or abnormalities
of nuclear shape are common in the differentiating
granulocytic component of M2 AML. Maturation of
myeloblasts to promyelocytes occurs in both M2
and M3 AML, and promyelocytes are prominent in
some cases of M2 AML. Such cases are distin-
guished from M3 AML by the lack of the specific
features of the latter condition (see later in this
chapter). M2 AML is distinguished from M4 AML
by the monocytic component in the bone marrow
being less than 20% of non-erythroid cells and by
the lack of other evidence of significant monocytic
differentiation. In most cases of M2 AML, matura-
tion is along the neutrophil pathway but eosino-
philic or basophilic maturation occurs in a minority.
Such cases may be designated M2Eo or M2Baso.
Other morphologically distinctive categories within
M2, associated with specific cytogenetic abnormali-
ties, are recognised (see Chapter 3).

The M2 subtype accounts for about 30% of cases
of AML.

Cytochemical reactions in M2 acute

myeloid leukaemia

The cytochemical reactions in M2 AML are the
same as those in M1 AML, but generally reactions
are stronger and a higher percentage of cells are
positive with MPO and SBB stains. CAE is more
often positive in M2 than in M1 AML and reactions
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Fig. 1.14 Unusual forms of Auer rod. (a) PB film
showing an Auer rod within a vacuole. MGG x100.
(b) PB film showing an Auer rod within a pseudo-
Chédiak-Higashi granule. MGG x100. (c) BM film
showing, at the top, an Auer rod forming within a
pseudo-Chédiak-Higashi granule. MPO x100.
(With thanks to Dr Songshan Zhu, Guangxi, China.)
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Table 1.8 Criteria for the diagnosis of acute myeloid
leukaemia of M2 category (acute myeloid leukaemia with
maturation®).

e Blasts >30% of bone marrow cells

e Blasts 30—89% of bone marrow non-erythroid cells

e Bone marrow maturing granulocytic component
(promyelocytes to polymorphonuclear leucocytes)
>10% of non-erythroid cells

e Bone marrow monocytic component (monoblasts to
monocytes) <20% of non-erythroid cells and other
criteria for M4 not met

* Granulocytic maturation is intended.

N A

are stronger. Auer rods show the same staining
characteristics as in M1 AML but are likely to be
more numerous. The reaction for CAE is usually
weak or negative [33] except in M2 AML associated
with t(8;21) in which Auer rods are often positive for
CAE [32]. When leukaemic myeloblasts undergo
maturation, as occurs in M2 AML, there may be a
population of neutrophils, presumably derived from
leukaemic blasts, that lack SBB and MPO activity.
This may be demonstrated cytochemically or by
means of an automated differential counter based
on the peroxidase reaction, which shows a low
mean peroxidase score and an abnormally placed

Fig. 1.15 BM film of a patient with FAB M2
AML showing blasts (one of which contains
an Auer rod), promyelocytes and a
neutrophil. Note the very variable
granulation. MGG x100.

Fig. 1.16 BM film of a patient with FAB M2 AML stained by (a) MGG and (b) SBB. In this patient both blasts and
maturing cells were heavily vacuolated. x100.



Fig. 1.17 BM film of a patient with
FAB M2 AML showing unusually
heavy granulation of neutrophils
and precursors. MGG x100. (By
courtesy of the late Dr David
Swirsky.)

neutrophil cluster. The neutrophil cluster with such
automated instruments is often dispersed in AML
in contrast to the normal compact cluster in ALL.
The NAP score is often low in M2 AML but this test
is redundant.

Acute hypergranular promyelocytic leukaemia:

M3 acute myeloid leukaemia

In acute hypergranular promyelocytic leukaemia,
the predominant cell is a highly abnormal promye-
locyte. In the majority of cases, blasts are fewer than
30% of bone marrow nucleated cells. The distinctive
cytological features are sufficient to permit a diag-
nosis, and cases are classified as M3 AML despite
the low blast percentage. M3 AML is associated
with a specific cytogenetic abnormality, t(15;17)
(q24.1;q21.2), and with abnormal coagulation.
There is disseminated intravascular coagulation and
activation of fibrinolysis, resulting in abnormal
bleeding and bruising (Fig. 1.18). This diagnosis can
sometimes be suspected from the prominent haem-
orrhagic manifestations. However, there can also be
venous thromboembolism including presentation
with pulmonary embolism (Fig. 1.19) [79]. Typical
cytological and histological features are shown in
Figs 1.20, 1.21 and 1.22. The predominant cell is a
promyelocyte, the cytoplasm of which is densely
packed with coarse red or purple granules, which
can obscure the nucleus. There is often nucleocyto-
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plasmic asynchrony, with the nucleus having a dif-
fuse chromatin pattern and one or more nucleoli.
When the nuclear shape can be discerned it is found,
in the majority of cases, to be reniform or folded or
bilobed with only a narrow bridge between the two
lobes. The nuclear form is often more apparent on
histological sections (Fig. 1.22). Auer rods are com-
mon. In one series they were noted in fewer than
50% of cases [80], but others have observed them to
be almost always present, at least in a minority of
cells [81]. In some cases there are giant granules or
multiple Auer rods, which are often present in
sheaves or ‘faggots’ (Fig. 1.21). Bundles of Auer rods
are uncommon in other types of AML but are occa-
sionally seen, reported, for example, in a patient
with acute myelomonocytic leukaemia with eosino-
philia associated with inv(16) [82] and in a patient
with del(5q) without rearrangement of RARA [83].
Rarely rectangular peroxidase-negative crystals are
present [84]. Most cases have a minority of cells that
are agranular, have sparse granules or have fine red
or rust-coloured dust-like granules rather than
coarse, brightly staining granules. Cells that lack
granules but have lakes of hyaline pink material in
the cytoplasm may also be seen. There may be baso-
philic differentiation in M3 AML, in addition to
the dominant neutrophilic differentiation [85].
Occasionally, the percentage of blast cells plus
abnormal promyelocytes is less than 20% [86] and



26 | Chapter 1

rarely presentation is as a granulocytic sarcoma
with the peripheral blood, bone marrow aspirate
and trephine biopsy sections being normal
[87]. Rarely Auer rods are present pre-treatment

Fig. 1.18 Clinical photograph of a
patient with FAB M3 AML showing
extensive spontaneous bruising of
the arm.

Fig. 1.19 Computed tomography
scan of the chest showing
bilateral pulmonary emboli. (With
thanks to Dr Richard Dillon,
London.)

in mature neutrophils. Following treatment with all-
trans-retinoic acid (ATRA), neutrophils containing
numerous Auer rods can appear in the peripheral
blood film. Bone marrow macrophages may contain



Fig. 1.20 BM film of a patient with
FAB M3 AML showing hypergranular
promyelocytes, one of which has a
giant granule. MGG x100.

Fig. 1.21 PB film of a patient with
FAB M3 AML. One of the abnormal
promyelocytes contains loose
bundles of Auer rods. MGG x100.

giant granules or Auer rods derived from ingested
leukaemic cells (Fig. 1.23). Auer rods can persist in
macrophages after the patient has entered complete
remission [88]. Dysplastic changes in the erythroid
and megakaryocyte lineages are usually absent.
Examining an adequate bone marrow aspirate is
particularly important in M3 AML, as the WBC is
often low and, even when there is a leucocytosis,
typical hypergranular promyelocytes may not be
present in the blood. The specimen may clot during
attempted aspiration, as a consequence of the
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associated hypercoagulable state, but usually suffi-
cient cells are obtained for diagnosis.

M3 AML has been found to be very sensitive to
the differentiating capacity of ATRA. Following
such therapy an increasing proportion of cells
beyond the promyelocyte stage are apparent.
Maturing cells are cytologically abnormal (Fig. 1.24).
Metamyelocytes and neutrophils may contain Auer
rods [89]. The neutrophil count rises and in some
patients also the basophil count [90]. Following
treatment with ATRA, the terminally differentiated

27
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cells in a late stage of apoptosis are engulfed by bone
marrow macrophages [91]. M3 AML is also respon-
sive to treatment with arsenic trioxide, As;Os.
Hyperleucocytosis may occur during therapy with
both ATRA and arsenic trioxide [92].

Rarely acute promyelocytic leukaemia represents
transformation of a myeloproliferative neoplasm,
either CML or primary myelofibrosis, in which case
it is classified as secondary AML [93].

Fig. 1.22 Trephine biopsy section
from a patient with FAB M3 AML.
Paraffin embedded, H&E x100.

Fig. 1.23 BM film from a patient with
acute promyelocytic leukaemia a few
days after starting treatment with
all-trans-retinoic acid (ATRA): one
leukaemic cell contains a giant
granule; a prominent macrophage
contains granules and Auer rods from
ingested leukaemic cells. MGG x100.

The variant form of acute promyelocytic
leukaemia: M3 variant acute myeloid

leukaemia

Some years after the initial description of hyper-
granular promyelocytic leukaemia it was noted that
there were other cases of acute leukaemia that
showed the same cytogenetic abnormality and
coagulation abnormality but were cytologically dif-
ferent. Such cases were recognised as a variant form



Fig. 1.24 PB film of a patient with
FAB M3 AML being treated with ATRA
and granulocyte colony-stimulating
factor (G-CSF); leukaemic
promyelocytes are undergoing
maturation into highly abnormal
cells. MGG x100.

of promyelocytic leukaemia, designated microgran-
ular or hypogranular promyelocytic leukaemia [94—
96]. Such cases were subsequently incorporated into
the FAB classification as M3 variant AML. In addi-
tion to cytogenetic and molecular evidence indicat-
ing the close relationship of M3 and M3V AML, it
has been noted that the cells of M3V may show a
marked increase in granularity on culture
(Fig. 1.25) [96] and, conversely, cases of M3 AML
may have less granular cells on relapse [57]. There is
not a clear demarcation between cases of classical
M3 AML and the variant form — cases with inter-
mediate features are seen. This is not surprising
since these are morphological variants of a single
biological entity.

Most cases of M3V AML are characterised by a
cell with a reniform, bilobed, multilobed or convo-
luted nucleus and either sparse fine granules or
apparently agranular cytoplasm (Fig. 1.26). A varia-
ble proportion of cells may have multiple Auer rods,
fine dust-like granules, or large oval, elliptiform or
somewhat angular cytoplasmic inclusions with the
same staining characteristics as primary granules.
Typical hypergranular promyelocytes constitute a
small minority of the leukaemic cells in the periph-
eral blood but they are usually more numerous in
the bone marrow. On ultrastructural examination,
the granules are smaller and usually less numerous
than in hypergranular promyelocytic leukaemia
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(Fig. 1.27) [57]. The WBC is usually higher in M3V
than in M3 AML.

In a minority of cases of M3V AML the character-
istic cell is a small, abnormal promyelocyte with the
same lobulated nucleus as described previously but
with hyperbasophilic cytoplasm; cytoplasmic projec-
tions are sometimes present so that cells may resem-
ble megakaryoblasts (Fig. 1.28) [57]. Hypergranular
promyelocytes and Auer rods may be totally
absent [97]. However, it is important to examine
crushed cells in blood films as Auer rods may then be
apparent [98]. Hyperbasophilic promyelocytes are
seen in the majority of cases of M3V AML, but usu-
ally as a minor population. On ultrastructural exami-
nation, there are sparse small granules and, in
addition, abundant dilated rough endoplasmic retic-
ulum (Fig. 1.27) [57]. Occasional cases have a hand-
mirror conformation [99].

M3V may be confused with acute monocytic
leukaemia (M5b) if blood and bone marrow cells
are not examined carefully and if the diagnosis is
not considered. The use of an automated blood
cell counter based on cytochemistry (MPO or
SBB) is useful for the rapid distinction between
M3V and M5 AML (see Fig. 1.72). When M3V
appears likely from the cytological and cytochem-
ical features, the diagnosis can be confirmed by
cytogenetic, molecular genetic or immunopheno-
typic analysis.

29



30

Chapter 1

(b)

Fig. 1.25 (a) PB film and (b) film of cultured leukaemic
cells from a patient with FAB M3 variant AML showing the
acquisition of granules on culture. MGG x100. (By
courtesy of the late Professor David Grimwade.)

When treated with chemotherapy alone, the
prognosis of M3 variant was somewhat worse than
that of M3 AML [100]. This is likely to be related

to the higher WBC, since the WBC is of prognos-
tic importance in M3/M3V AML [65], and the
greater prevalence of a secondary mutation, an
internal tandem duplication of the FLT3 gene
(FLT3-ITD). As a higher WBC remains an adverse
prognostic feature when M3/M3V AML is treated
with ATRA plus chemotherapy [100] it is likely
that M3V also has a worse prognosis with com-
bined modality treatment.

M3 and M3V AML usually together constitute
5-10% of cases of AML but in Hispanics promyelo-
cytic leukaemia is more frequent.

Cytochemical reactions in M3 and M3 variant

acute myeloid leukaemia

Hypergranular promyelocytes are usually strongly
positive with MPO, SBB and CAE stains although
cases have been described that were MPO and SBB
negative but strongly CAE positive [101]. In a
unique patient, promyelocytes were peroxidase
negative although neutrophils were positive; this
was the result of uniparental disomy for a mutation
of the MPO gene [102]. The PAS reaction usually
shows a cytoplasmic ‘blush’ — a fine diffuse or dust-
like positivity; the reaction is stronger than in M1
or M2 AML. PAS-positive erythroblasts are not
generally seen. The acid phosphatase reaction is
strongly positive. M3V AML usually shows similar
cytochemical reactions (Fig. 1.29) [57] but some-
times the reactions are weaker [103]. A potentially
confusing cytochemical reaction in both M3 and
M3V AML is the presence in some cases of NSE
activity [56,57,80], a reactivity otherwise character-
istic of monocytic rather than granulocytic differ-
entiation. ANAE, ANBE and NASDA may be
positive and, as for the monocytic lineage, the reac-
tion is fluoride sensitive. The reaction is weaker
than in monocytes, and isoenzymes characteristic
of the monocytic lineage are not present [103].
Some cells show double staining for NSE and CAE.
Cases that are positive for ANAE tend to have a
weaker reaction for CAE, and occasionally the
MPO reaction is unexpectedly weak [80]. The
minority of cases that are positive for NSE do not
appear to differ from other cases with regard to
morphology, haematological or cytogenetic find-
ings, or prognosis [80].



Fig. 1.26 (a) PB film of a patient with FAB
M3 variant AML showing cells with bilobed
and reniform nuclei and sparse, fine
granules. One binucleate cell is present and
another cell is characterised by basophilic
cytoplasm and cytoplasmic projections.
MGG x100. (b, c) PB film of another patient
with FAB M3 variant AML showing: (b)
predominantly agranular cells with twisted
nuclei but with one typical hypergranular
cell being present; (c) agranular cells with
twisted nuclei; one cell contains a large
azurophilic inclusion. MGG x100.
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Fig. 1.27 Ultrastructural examination of
leukaemic cells of three patients with acute
promyelocytic leukaemia: (a) typical M3 AML
showing granules that are numerous and large;
(b) M3 variant AML showing a lobulated
nucleus, granules that are smaller and more
sparse and one Auer rod; (c) hyperbasophilic
M3 variant AML showing fewer and smaller
granules than in typical M3 AML plus abundant
dilated rough endoplasmic reticulum. Uranyl
acetate, lead citrate stain. (With thanks to Dr
Robert McKenna, Minnesota, and by courtesy
of the British Journal of Haematology.)



Fig. 1.28 BM film from a patient with
the hyperbasophilic variant of acute
promyelocytic leukaemia showing
abnormal promyelocytes with
blebbed basophilic cytoplasm; some
also have a dusting of fine
cytoplasmic granules. MGG x100.

Cases with basophilic differentiation show
metachromatic staining with toluidine blue.

Auer rods in M3 AML are SBB, MPO and CAE
positive, whereas in other categories of AML they
are usually negative with CAE; they may be PAS
positive [104]. On SBB, MPO and CAE staining, the
core of the rod may be left unstained, and occasion-
ally the core is ANAE positive on a mixed esterase

stain [33].

Acute myelomonocytic leukaemia:

M4 acute myeloid leukaemia

The criteria for the diagnosis of AML of M4 subtype,
that is, AML with both granulocytic and monocytic
differentiation, are shown in Table 1.9 and typical
cytological and histological features in Figs 1.30
and 1.31. The criterion for recognition of a significant
granulocytic component is a morphological one; the
granulocytic component, which in this context
includes myeloblasts as well as maturing cells, must
be at least 20% of non-erythroid cells. The recogni-
tion of a significant monocytic component requires
two criteria to be satisfied, both of which may be
morphological or one morphological and the other
cytochemical, as shown in Table 1.9. In assessing the
monocytic component, monoblasts, promonocytes
and monocytes are included in the count.
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The FAB criteria for the recognition of monocytic
differentiation are the presence of fluoride-sensitive
naphthol AS acetate esterase (NASA) or NASDA activ-
ity [25], or the presence of ANAE activity [28]. ANBE
activity would also identify monocytic differentiation.
Alternatively, lysozyme activity of leukaemic cells can
be demonstrated cytochemically or lysozyme concen-
tration can be measured in serum or urine, an elevation
to more than three times the normal value being
regarded as significant [28]. Careful examination of the
peripheral blood is important if all cases of M4 AML
are to be recognised since the bone marrow is some-
times morphologically indistinguishable from that of
M2 AML. In M4 AML, the granulocytic differentiation
is usually along the neutrophil pathway, but in some
cases it is eosinophilic (M4Eo) (Fig. 1.31), basophilic
(M4Baso) or both (Fig. 1.32). A rare observation is the
presence of grey-green crystals in bone marrow mac-
rophages [105]. When there is eosinophilic differentia-
tion, Charcot—Leyden crystals may be seen.

The M4 subtype accounts for 15-20% of cases
of AML.

Cytochemical reactions in M4 acute

myeloid leukaemia

In M4 AML some leukaemic cells show cytochemical
reactions typical of neutrophilic, eosinophilic or

33
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Fig. 1.29 Cytochemical reactions in a patient with FAB
M3 variant AML. (a) PB and (b) BM films stained by
MGG showing predominantly hypogranular cells with
nuclei of characteristic shape. Cytochemical stains of
BM show that, despite the hypogranularity, MPO

(c), SBB (d) and CAE (e) are strongly positive. x100.
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Table 1.9 Criteria for the diagnosis of acute myeloid leukaemia of M4 category (acute myelomonocytic leukaemia).

Blasts >30% of bone marrow cells
Blasts >30% of bone marrow non-erythroid cells

Bone marrow granulocytic component (myeloblasts to polymorphonuclear leucocytes) >20% of non-erythroid cells
Significant monocytic component as shown by one of the following:

— bone marrow monocytic component (monoblasts to monocytes) >20% of non-erythroid cells and peripheral

blood monocytic component >5 x 10%/1, or

— bone marrow monocytic component (monoblasts to monocytes) >20% of non-erythroid cells and confirmed by
cytochemistry or increased serum or urinary lysozyme concentration, or

— bone marrow resembling M2 but peripheral blood monocyte component >5 x 10°/1 and confirmed by
cytochemistry or increased serum or urinary lysozyme concentration

basophilic lineages while other cells show reactions
typical of the monocytic lineage (see earlier in this
chapter). A double esterase stain for CAE (neutrophil
lineage) and ANAE (monocyte lineage) [106] is a con-
venient method for demonstrating the pattern of dif-
ferentiation and maturation in M4 AML (Fig. 1.32¢).

Acute monocytic/monoblastic leukaemia:

M5 acute myeloid leukaemia

The criteria for the diagnosis of acute monocytic/
monoblastic leukaemia, M5 AML, are shown in
Table 1.10, and typical cytological and histological
features in Figs 1.33, 1.34, 1.35 and 1.36. This diag-
nosis may be suspected from clinical features when
there is infiltration of the skin and the gums
(Figs 1.37 and 1.38). Disseminated intravascular
coagulation and increased fibrinolysis are more
common in M5 AML than in other categories of
AML, with the exception of M3 [107]. M5 AML is
further subdivided into M5a AML (acute monoblas-
tic leukaemia) and M5b AML (acute monocytic leu-
kaemia) on the basis of whether monoblasts
comprise at least 80% of the total bone marrow
monocytic component. Auer rods are quite uncom-
mon in M5 AML. There is often disorderly matura-
tion leading to cells of monocytic lineage with
nucleocytoplasmic asynchrony and other dysplastic
features. This can make it difficult to assign cells
reliably to monoblast, promonocyte and immature
monocyte categories. Leukaemic cells in the periph-
eral blood may be more mature than those in the
bone marrow (Fig. 1.35). Occasionally leukaemic
cells are phagocytic, particularly but not only in
patients with t(16;21)(p11.2;q22.2) or with t(8;16)

(p11.2;p13.3) or a related abnormality [108]; in one
patient with a normal karyotype the clinicopatho-
logical features of a haemophagocytic syndrome
were present [109]. Two patients have been reported
with nuclear fragments or micronuclei associated
with the presence of double minute chromo-
somes [110,111]. Monocytic differentiation can be
confirmed by cytochemistry and by measurement of
urinary and serum lysozyme concentrations but
immunophenotyping is more useful.

In a rare form of acute monocytic leukaemia, cells
have cytological features resembling those of mac-
rophages or histiocytes (Fig. 1.39). This may be
regarded as the leukaemic phase of malignant histi-
ocytosis. The designation M5c has been suggested
[112].

Mba and M5b are cytogenetically and genetically
distinct. M5a has a significantly higher prevalence of
cytogenetic abnormalities with an 11q23 breakpoint
and KMT2A rearrangement, and also of isolated tri-
somy 8 [113]; it has a lower prevalence of FLT3-ITD.

There is some evidence that M5 AML is more
sensitive than other types of AML to certain anti-
leukaemic drugs, specifically etoposide, cytarabine,
anthracyclines, vincristine, asparaginase and
cladribine [114].

The M5 subtype accounts for about 15% of cases
of AML.

Cytochemical reactions in M5 acute

myeloid leukaemia

In M5a AML, MPO and SBB reactions are often neg-
ative, although a few fine, positive granules may be
present. CAE is negative or very weak. Hayhoe and
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Fig. 1.30 (a) PB film of a patient with
FAB M4 AML showing a myeloblast of
medium size with a high
nucleocytoplasmic ratio and a
monoblast that is larger with more
plentiful cytoplasm and a folded
nucleus with a lacy chromatin
pattern. MGG x100. (b) BM of the
same patient stained with SBB
showing two monoblasts with a
weak granular reaction and two cells
of the granulocytic series with a
much stronger reaction. SBB x100.

Fig. 1.31 Trephine biopsy section
from a patient with M4Eo AML.
Cells are either monoblasts/
promonocytes, recognised as large
cells with round or lobulated nuclei
containing prominent nucleoli, or
eosinophils. Resin embedded,

H&E x100.




Quaglino [33] found SBB to be more sensitive than
MPO in detecting monocytic differentiation; they
noted that, with SBB, granules in monoblasts were
usually scattered and fine whereas in myeloblasts the
reaction was either localised or filled all the cyto-
plasm. Monoblasts were characteristically negative
for MPO. Monoblasts are usually strongly positive for
NSE, that is, for ANAE (Fig. 1.40a), ANBE, NASA
(Fig. 1.40b, c) and NASDA. All these esterase activi-
ties are inhibited by fluoride, but only in the case of
NASA and NASDA is it necessary to carry out the
reaction with and without fluoride to convey speci-
ficity; in the case of ANAE and ANBE, the reaction is
negative or weak in cells of the granulocytic lineage.
Aberrant esterase reactions are sometimes seen;
occasional cases have negative reactions for NSE,
whereas other cases, when the reaction for NSE is
very strong, give a positive reaction also for CAE.
Monoblasts show diffuse acid phosphatase activity,
which, along with NSE activity, appears in advance of
SBB and MPO reactivity. Lysozyme activity, which
appears at about the same time as MPO activity, can
be demonstrated cytochemically (Fig. 1.40d). The
PAS reaction of monoblasts is either negative or dif-
fusely positive with a superimposed fine or coarse
granular positivity or, occasionally, superimposed
PAS-positive blocks (Fig. 1.40e).

It should be noted that in some case of M5a AML
there are negative reactions for SBB, MPO and NSE.

Fig. 1.32 PB film of a patient with

FAB M4 AML - M4Eo/inv(16) -

who had both eosinophil and

basophil differentiation. (a) A

blast cell and two primitive cells ?
containing basophilic granules;

one of the latter is vacuolated.

MGG x100. (a)
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Such cases will be recognised as monoblastic only if
the cytological features are assessed in relation to
the immunophenotype. If the FAB classification is
used such cases would be classified as MO AML.

Acute myeloid leukaemia with predominant
erythroid differentiation: M6 acute myeloid
leukaemia

The FAB criteria for diagnosis of M6 AML are
shown in Table 1.11 and cytological and histological
features in Figs 1.41, 1.42, 143, 1.44, 145, 1.46
and 1.47. It should be noted that the WHO defini-
tions of erythroleukaemia (see Chapter 3) are very
different from the FAB definition. Some cases of M6
AML represent leukaemic transformation of MDS,
and a significant proportion of reported cases have
been therapy related; however, in one large series
only 1 of 62 cases was therapy related with another
2 of 62 being secondary to MDS [115]. Presentation
is often with pancytopenia and macrocytosis, with
circulating blast cells being present in only a minor-
ity of patients [115]. Schistocytes, teardrop cells,
pincer cells and basophilic stippling are often pre-
sent [115]. Circulating erythroblasts are present in
around half of patients [115] and may show dysplas-
tic features. Circulating micromegakaryocytes are
present in a significant minority [115]. There may
also be hypogranular and hypolobated neutrophils
and giant and hypogranular platelets. In the bone
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Fig. 1.32 (Continued)

(b) Toluidine blue stain showing
metachromatic staining of a
basophil precursor. x100. (c)
Double esterase stain showing
positivity of the granulocyte
series with CAE (red) and
positivity of the monocyte series
with a-naphthyl acetate (non-
specific) esterase (ANAE)
(brownish-black). x100.



Table 1.10 Criteria for the diagnosis of acute myeloid
leukaemia of M5 category (acute monoblastic/
monocytic leukaemia)

o Blasts >30% of bone marrow cells
e Blasts >30% of bone marrow non-erythroid cells

e Bone marrow monocytic component >80% of
non-erythroid cells

Acute monoblastic leukaemia (M5a)

e Monoblasts >80% of bone marrow monocytic
component

Acute monocytic leukaemia (M5b)

e Monoblasts <80% bone marrow monocytic
component

Fig. 1.33 PB film of a patient with -

FAB M5a AML showing three »

monoblasts. MGG x100.

Fig. 1.34 PB film of a patient with FAB
M5b AML showing a monocyte and a

promonocyte; the latter is moderately
heavily granulated. MGG x100.
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marrow, moderate to marked erythroid dysplasia is
particularly common, with erythroid precursors
showing features such as nucleocytoplasmic asyn-
chrony (megaloblastosis), nuclear lobulation,
karyorrhexis, binuclearity, internuclear bridges,
basophilic stippling and cytoplasmic vacuolation.
There may be coalescence of prominent cytoplas-
mic vacuoles, this appearance correlating with the
cytochemical demonstration of PAS positivity.
Giant and multinucleated erythroid cells are some-
times prominent. In some cases, erythropoiesis is
predominantly megaloblastic and in others it is
macronormoblastic. Phagocytosis, particularly
erythrophagocytosis, by abnormal erythroid
precursors is sometimes seen. In some cases

oy
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Fig. 1.35 PBand BM films of a patient
with FAB M5b AML in whom the PB
cells were more mature than the BM
cells. (a) PB film showing a
promonocyte and a monocyte with a
nucleus of abnormal shape; the third
cell is probably an abnormal
neutrophil. MGG x100. (b) BM film
showing predominantly monoblasts
and promonocytes. MGG x100.

Fig. 1.36 Trephine biopsy section
from a patient with FAB M5b AML and
myelodysplasia. Monoblasts and
monocytes can be identified; the
former are the larger cells with a
round or lobulated nucleus, a
dispersed chromatin pattern and
prominent nucleoli whereas the latter
have lobulated nuclei. The cells with
smaller dark nuclei are erythroblasts,
one of which has a nucleus of
abnormal shape. Resin embedded,
H&E x100.



Fig. 1.37 Clinical photograph of a
patient with FAB M5a AML showing
infiltration of the gums. (With thanks
to Dr Devinder Gill, Brisbane.)

Fig. 1.38 Clinical photograph of a patient with FAB
M5b AML showing skin infiltration. (With thanks to
Dr Devinder Gill.)

proerythroblasts and basophilic erythroblasts are
markedly increased as a percentage of total eryth-
roblasts. Dysplasia is not confined to the erythroid
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lineage, trilineage myelodysplasia being present in
around half of patients [115-117]. The non-
erythroid component of M6 may resemble any
other FAB category with the exception of M3/M3V
AML. Myeloblasts may show Auer rods.

The FAB criteria for M6 AML required that at
least 50% of bone marrow nucleated cells are rec-
ognisable erythroblasts and that at least 30% of
non-erythroid cells are blasts. There are also cases
of AML in which the leukaemic cells appear by
light microscopy to be undifferentiated blasts but
can be shown by immunophenotyping or ultras-
tructural analysis to be primitive erythroid cells.
When such cases lack a significant non-erythroid
component, including more than 30% of non-
erythroid blasts, they do not fit the FAB criteria for
M6 AML. Nevertheless, it seems reasonable for
such cases (which are rare except when AML
occurs in Down syndrome [118]) to be assigned to
the FAB M6 category. Domingo-Claros et al. [115]
found only 2 of 62 cases of erythroleukaemia to
have these characteristics. Use of the terms M6
variant or ‘pure erythraemia’ could be considered
appropriate [115,117,119].

Overall, the M6 category accounts for about 3—4%
of cases of AML. The frequency is higher in the
elderly [120]. Prognosis appears to be worse than for
AML in general [65,121]. The survival of patients
with M6 variant AML was a great deal worse than the
survival of patients with FAB M6 AML in one series
of patients [116], but in another both had an equally
bad prognosis [117].

41



42 | Chapter 1

Cytogenetic abnormalities in M6 AML differ sig-
nificantly from those in other types of AML.
Cytogenetic abnormalities are common and include
those of adverse prognostic significance; there may
be complex cytogenetic abnormalities, hypodip-
loidy and abnormalities of chromosomes 5, 7, 8 and
17 [116,122].

Cytochemical reactions in M6 acute

myeloid leukaemia

In M6 AML, myeloblasts and any Auer rods show
the same cytochemical reactions as in other catego-
ries of AML. The NAP score may be reduced or
increased and a population of neutrophils lacking
SBB and MPO activity may be present.

On a PAS stain the erythroblasts show diffuse or
finely granular positivity with or without coarse
granular or block positivity (see Fig. 1.46). Hayhoe
and Quaglino [33] described a characteristic block
or granular positivity in early erythroblasts and dif-
fuse positivity in late erythroblasts and some eryth-
rocytes. PAS positivity is not pathognomonic of M6
AML, being seen also in iron deficiency anaemia,
severe haemolytic anaemia and thalassaemia major
and in occasional cases of megaloblastic anaemia.
PAS positivity is seen also in MDS and in other cat-
egories of AML (overall in about one in five cases)

Fig. 1.39 BM film of a patient with
leukaemic cells showing histiocytic
or macrophage differentiation (‘M5c’
AML). MGG x100. (With thanks to

Dr Abbas Hashim Abdulsalam.)

and suggests that the erythroblasts, even when they
are fewer than 50% of nucleated cells, are part of the
leukaemic or myelodysplastic clone. Erythroblasts
in M6 AML may have focal acid phosphatase activ-
ity, which is localised to the Golgi zone [54]; they are
usually positive for ANAE and ANBE [33]. These
reactions differentiate M6 erythroblasts from the
erythroblasts of congenital dyserythropoietic anae-
mia, in which acid phosphatase and NSE reactions
are negative; however, positive reactions can also be
seen in megaloblastic anaemia consequent on per-
nicious anaemia [33]. A Perls stain for iron may
show coarse siderotic granules; in a minority of
cases numerous ring sideroblasts are present.

Acute megakaryoblastic leukaemia:

M7 acute myeloid leukaemia

Acute megakaryoblastic leukaemia was not included
in the original FAB classification of AML but, fol-
lowing the demonstration that in some cases appar-
ently undifferentiated blasts were actually
megakaryoblasts, this category was added [16]
(Table 1.12). This category represents only about 1%
of cases of AML in adults but 2-15% of childhood
cases [123]. M7 AML shows a markedly increased
incidence in children with Down syndrome (see
Chapter 3). In infants and children M7 AML may be



Fig. 1.40 (a) BM film of a patient with FAB M5a AML stained for ANAE activity. ANAE x100. (b, c) BM film of a patient
with FAB M5b AML stained for naphthol AS acetate esterase (NASA) activity without (b) and with (c) fluoride; inhibition
of activity by fluoride is apparent. NASA x100. (d) Lysozyme preparation from a patient with FAB M5b AML. Leukaemic
cells have been mixed with a suspension of Micrococcus lysodeikticus bacteria; some of the leukaemic cells have
secreted lysozyme, which has lysed adjacent bacteria so that they appear paler in comparison with intact bacteria
(same patient as b and c). This test is now only of historic interest. MGG x100.
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Table 1.11 Criteria for the diagnosis of acute myeloid
leukaemia of M6 category (acute erythroleukaemia).

e Erythroblasts >50% of bone marrow nucleated cells
e Blasts >30% of bone marrow non-erythroid cells

associated with t(1;22)(p13.3;q13.1) (see Chapter 3)
and with other recurring cytogenetic abnormali-
ties [123] including t(9;11)(p22;q23) [124] — now
interpreted as t(9;11)(p21.3;q23.3), and in adults,
and to a lesser extent in children, a significant

Fig. 1.40 (Continued) (e) Periodic
acid-Schiff (PAS) stain of a PB
cytospin preparation from a patient
with FAB M5a AML showing block
positivity superimposed on fine
granular and diffuse positivity.

PAS x100.

proportion of cases are associated with abnormali-
ties of chromosome 3q21.3q26.2, with loss or long
arm deletion of chromosome 5 or 7 [125]. Children
may have gain of chromosome 21, 19 or 8 [124].
Karyotypic abnormalities are more often found in
M7 than in other FAB categories of AML (with the
exception of M3) and the abnormalities are more
often complex [125]. GATAI mutations are invaria-
bly present in Down syndrome-associated cases but
are also sometimes seen in other cases [126].
Diagnosis is usually made by immunophenotyping,
there being expression of platelet antigens such as

Fig. 1.41 PB film in a patient with
FAB M6 AML showing anaemia,
severe thrombocytopenia and an
abnormal circulating erythroblast.
MGG x100.



Fig. 1.42 BM film from a patient with FAB
M6 AML (erythroleukaemia) showing a
multinucleated erythroblast and two
heavily vacuolated myeloblasts. MGG
%x100.

Fig. 1.43 BM film from a patient with FAB
M6 AML showing marked erythroid
hyperplasia but only mild
dyserythropoiesis; one binucleated
erythroblast is present. MGG x100.

£ ':x'qg%‘
Fig. 1.44 BM film from a patient with FAB M6 AML showing: (a) a binucleated erythroblast and two vacuolated
erythroblasts; (b) a giant multinucleated erythroblast. MGG x100.

(b)
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Fig. 1.45 A cytospin preparation of
BM cells of a patient with FAB M6
AML showing late erythroblasts and
three undifferentiated blasts. A
positive reaction of the blast cells
with a McAb to glycophorin A in this
patient showed that these were
primitive erythroid cells. MGG x100.

Fig. 1.46 (a, b) BM film in FAB M6
AML showing diffuse PAS positivity
in late erythroblasts and block
positivity in an early erythroblast; the
corresponding MGG stain shows
vacuolation of an early erythroblast,
the vacuoles being attributable to
the solubility of glycogen. (a) PAS
%x100. (b) MGG x100.



Fig. 1.47 BM trephine biopsy section
in FAB M6 AML showing primitive
erythroid cells, which can be
distinguished from granulocyte
precursors by their linear nucleoli,
some of which abut on the nuclear
membrane, and by their more
basophilic cytoplasm (readily
apparent on this Giemsa stain but
not so apparent on an H&E stain).
Paraffin embedded, Giemsa x100.

Table 1.12 Criteria for the diagnosis of acute myeloid
leukaemia of M7 category (acute megakaryoblastic
leukaemia).

e Blasts >30% of bone marrow nucleated cells
o Blasts demonstrated to be megakaryoblasts by

immunological markers, ultrastructural examination
or ultrastructural cytochemistry

CD41, CD42 and CD61. There is often coexpression
of CD13, CD33 and CD7 [126]. Adult M7 AML, in
comparison with other non-M3 AML, is associated
with more adverse cytogenetic abnormalities, a
lower complete remission rate and worse sur-
vival [127]. There is often an antecedent haemato-
logical abnormality, and in one series of patients
19% were therapy related [127].

Leukaemic megakaryoblasts are often highly ple-
omorphic. Prominent and multiple nucleoli and
cytoplasmic basophilia have been noted [54].
Binuclearity and clumping of blast cells have been
noted to be frequent features [128]. Rarely there
is erythrophagocytosis or haemophagocytosis
[109,129] or ‘cannibalism’ of leukaemic blast cells;
the latter phenomenon was associated with t(10;17)
in two cases [130,131]. In some cases the diagnosis
can be suspected from the cytological features when
the blasts show cytoplasmic protrusions or blebs, or
when blasts coexist with apparently bare nuclei,
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with large bizarre platelets or with more mature

cells showing megakaryocytic differentiation.
Micromegakaryocytes are sometimes present and
there may be emperipolesis [126]. In other cases the
blasts cannot be distinguished from myeloblasts or
resemble lymphoblasts, being small with a high
nucleocytoplasmic ratio and with some chromatin
condensation. The WBC is often reduced rather
than elevated [132]. A minority of patients with
M7 AML have thrombocytosis rather than throm-
bocytopenia. The percentage of bone marrow blasts
may be underestimated as a result of fibrosis so that
trephine biopsy can be important in assessment.
The nature of megakaryoblasts may be suggested by
the pattern of cytochemical reactions (see later)
but a reliable identification requires immunopheno-
typing, ultrastructural examination (Fig. 1.48) or
ultrastructural cytochemistry (Fig. 1.49). The clin-
icopathological picture designated acute myelofi-
brosis, that is, pancytopenia with bone marrow
fibrosis, usually represents acute megakaryoblastic
leukaemia. There may be osteosclerosis as well as
bone marrow fibrosis [133]. Other patients present
with the usual features of AML, with hepatomegaly
and splenomegaly being quite common. Cytological
and histological features of M7 AML are shown in
Figs 1.50 and 1.51. Some cases show some matura-
tion to dysplastic megakaryocytes, as is shown in
Fig. 1.52. With the exception of cases among
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(b)

children with Down syndrome, the prognosis in
both children and adults appears to be poor
[65,128,132].

Cytochemical reactions in M7 acute

myeloid leukaemia

Megakaryoblasts are negative for MPO, SBB and
CAE. The more mature cells of this lineage are PAS

Fig. 1.48 Ultrastructural
examination of peripheral blood
cells from a patient with
megakaryoblastic transformation
of chronic myeloid leukaemia
showing: (a) a blast cell and a
giant platelet; the
megakaryoblast has characteristic
granules including several bull’s
eye granules; (b) a
megakaryoblast with platelet
demarcation membranes. (By
courtesy of the late Professor
Daniel Catovsky.)

positive and have partially fluoride-sensitive NSE
activity, demonstrated with ANAE. ANBE activity is
demonstrable in only a minority of cases [128]. On
PAS staining there are positive granules on a dif-
fusely positive background. In some cases, those
showing more cytoplasmic maturation, there are
positive granules or block positivity, localised to the
periphery of the cell or packed into the cytoplasmic
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Fig. 1.49 Ultrastructural
cytochemistry of a blast cell showing
a positive platelet peroxidase
reaction. (By courtesy of the late
Professor Daniel Catovsky.)

Fig. 1.50 PB and BM films from a patient with FAB M7 AML presenting as acute myelofibrosis; the nature of the
leukaemia was demonstrated by a positive reaction for platelet peroxidase. (a) PB film showing mild anisocytosis and a
blast cell with no distinguishing features. (b) BM film showing a megakaryoblast. MGG x100.

Fig. 1.51 Trephine biopsy section
from a patient with FAB M7 AML
showing increased blasts and large
dysplastic megakaryocytes. Paraffin
embedded, H&E x40.

49



50

Chapter 1

blebs. A PAS stain can highlight the presence of
micromegakaryocytes and megakaryoblasts with
cytoplasmic maturation (Fig. 1.52). Esterase activity
is usually multifocal punctate [128] but is sometimes
localised to the Golgi zone [58,128]. There is a simi-
lar localisation of acid phosphatase activity, which is
tartrate sensitive [54]. In very immature megakaryo-
blasts, PAS and NSE reactions are negative.

Acute eosinophilic leukaemia

In the FAB classification, cases of eosinophilic leu-
kaemia with a minimum of 30% bone marrow blast
cells should be categorised as AML. They can be
assigned to FAB categories with the addition of the
abbreviation ‘Eo’ to indicate the eosinophilic differ-
entiation, for example M2Eo and M4Eo. Such cases
may have cardiac and other tissue damage as a
result of the release of eosinophil granule contents.
Generally there is both neutrophilic and eosino-
philic differentiation. Occasional cases show only
eosinophilic differentiation. A minimum of 5% of
bone marrow eosinophils has been suggested as a
criterion for the recognition of significant eosino-
philic differentiation [134]. In cases with matura-
tion, eosinophils are readily recognisable by the
characteristic staining of their granules. However,
recognition of eosinophil precursors in M1Eo AML
may require cytochemistry or the ultrastructural
demonstration of characteristic granule structure

Fig. 1.52 BM filmin FAB M7 AML
showing a micromegakaryocyte with
cytoplasmic blebs, which are PAS
positive. PAS x100.

(see Table 1.5), since primitive eosinophil granules
differ little in their staining characteristics from
the granules of neutrophil lineage myeloblasts
(Fig. 1.53). Mature eosinophils often show vacuola-
tion, degranulation and nuclear hyper- or hypolo-
bation. However, these cytological abnormalities
are not specific for eosinophilic leukaemia, being
seen also in reactive eosinophilia. The bone mar-
row in acute eosinophilic leukaemia sometimes
shows the presence of Charcot-Leyden crystals,
either free or within macrophages (Fig. 1.54).
Occasionally similar crystals are seen within leu-
kaemic cells (Fig. 1.55).

Cytochemical reactions in acute eosinophilic
leukaemia

Blast cells of eosinophil lineage are positive with
MPO and SBB. With the SBB stain, the granule core
may be left unstained. Peroxidase activity differs
from that of the neutrophil lineage in being resistant
to cyanide [106]. Cells of the eosinophil lineage are
usually CAE negative but positively staining gran-
ules may be seen in acute eosinophilic leukae-
mia [104]. A combined cytochemical stain for CAE
and cyanide-resistant peroxidase activity is a con-
venient means of distinguishing cells of neutrophil
and eosinophil lineage [106]. On immunophenotyp-
ing, immature eosinophils can express 2D7, CD123
and basogranulin [135].



Fig. 1.53 PB filmin acute
eosinophilic leukaemia with
abnormal eosinophil precursors
showing a mixture of eosinophilic
and azurophilic granules; maturing
eosinophils are degranulated and
some have nuclei of bizarre shapes.
MGG x100. (With thanks to Dr
Alastair Smith, Southampton.)

Fig. 1.54 Trephine biopsy section in
acute eosinophilic leukaemia
showing numerous eosinophils and
part of a Charcot-Leyden crystal
(same patient as Fig. 1.53). Paraffin
embedded, H&E x100. (With thanks
to Dr Alastair Smith and Dr Bridget
Wilkins, West Moors, Ferndown.)

Acute basophilic leukaemia

In the FAB classification cases of basophilic leukae-
mia with a minimum of 30% bone marrow blasts
should be classified as AML. They can be assigned
to FAB categories with the abbreviation ‘Baso’ to
indicate the basophilic differentiation. Some cases
show maturation and can be categorised as
M2Baso or M4Baso. Others show very little matu-
ration and fall into the M1Baso category. Cases that
do not meet the minimal criteria for M1 AML but
show evidence of basophil differentiation can be
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categorised as MOBaso. Cases of M2Baso and
M4Baso AML usually have mixed neutrophilic and
basophilic differentiation, whereas cases with very

primitive basophil precursors (Mlbaso and
MOBaso AML) may show only basophilic differen-
tiation. Cases of mixed phenotype acute leukaemia
with basophilic, megakaryoblastic and T-lineage
maturation have been recognised [136]. Patients
with acute basophilic leukaemia do not usually
show features of histamine excess [137] but some
patients have had urticaria, peptic ulceration or
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other gastrointestinal disturbance [138], and ana-
phylactoid reactions can occur following chemo-
therapy [139].

In cases with maturation, basophils are usually
easily recognised by their cytological and cyto-
chemical characteristics (Fig. 1.56). In other cases
with little or no maturation, ultrastructural exami-
nation (see Table 1.5) or immunophenotyping is
necessary. Sometimes there are granules with
whorls or scrolls (characteristic of mast cells) in
addition to typical basophil granules [139]. Blasts of
basophil lineage may contain Auer rods [140].

Cytochemical reactions in acute basophilic leukaemia

In acute basophilic leukaemia without matura-
tion [141], SBB is commonly negative and MPO is
negative by light microscopy. Often CAE is also neg-
ative, although it is weakly positive in later cells of
basophil lineage. In cases showing maturation there
is positivity with SBB, MPO and CAE, and metachro-
matic staining with toluidine blue, alcian blue and
astra blue. Sometimes, staining with SBB is also
metachromatic, granules being grey, black, pinkish
or red while granules of the eosinophil and neutro-
phil lineages are greenish-black. On MPO staining,
blasts may have particularly coarse granules [136].
e-amino caproate activity [142] is specific for the
basophil lineage. At an ultrastructural level, ruthe-
nium red can be used to identify basophil gran-

Fig. 1.55 BM film from a patient with
acute eosinophilic leukaemia
showing a Charcot-Leyden crystal
within a leukaemic cell. MGG x100.

ules [141]. Flow cytometry shows expression of
CD123 and CD203c. Immunohistochemistry shows
expression of CD63, CD88, CD123, CD203c, 2D7,
VEGE, interleukin 4 and basogranulin (BB1) [135].
Immature basophils can express mast cell tryptase
(but not usually CD117) [135]. The t(X;6)(p11;q23)
translocation occurring in male infants has been
associated with acute basophilic leukaemia with a
MYB:GATAI fusion gene [135].

Acute mast cell leukaemia

Mast cell leukaemia can occur either de novo (three-
quarters of cases) or as the terminal phase of sys-
temic mastocytosis (one-quarter of cases) [143].
Uncommonly, it follows paediatric mastocytosis,
sometimes after an interval of many decades [143].
Clinical features often include hepatomegaly and
splenomegaly but lymphadenopathy, present in 37%
of cases, is more common than in other types of
AML [143]. Skin infiltration is seen mainly, but not
only, in those with previous systemic mastocyto-
sis [143]. Mast cell activation symptoms (e.g. fever,
flushing, diarrhoea and palpitations) are common.
Mast cell leukaemia is not included in the FAB clas-
sification and in the WHO classification is regarded
as a form of systemic mastocytosis. However, it
should be noted that not only are the majority of
cases de novo, but also systemic mastocytosis termi-
nates in other types of AML more often than in



(a)

Fig. 1.56 BM film in acute

basophilic leukaemia. (a) Vacuolated

blast with large granules. MGG

%100. (b) Metachromatic staining -
with a toluidine blue stain. Toluidine

blue x100. (b)

mast cell leukaemia; in one such patient, with acute
erythroid leukaemia, a KIT D816V mutation was
demonstrated both in mast cells and in leukaemic
blasts and erythroid cells [144]. The peripheral
blood may show mast cells (Fig. 1.57), which are
often immature or morphologically abnormal with
hypogranularity or nuclear lobulation; however,
about 60% of cases are aleukaemic [143]. The bone
marrow is hypercellular and infiltrated by mast cells
(Fig. 1.58). The neoplastic mast cells can include
granular and agranular blast cells, promastocytes
and mast cells; all express mast cell tryptase.
Haemophagocytosis by the leukaemic cells has been
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reported [145,146]. Ultrastructural examination can
confirm the diagnosis but it should be noted that in
some cases cells show both basophil and mast
cell characteristics [147]. As for acute basophilic
leukaemia, anaphylactoid reactions may follow
chemotherapy [148]. In some patients there is dif-
ferentiation to both myeloblasts and mast blasts
(Fig. 1.59) [149]. The term ‘myelomastocytic leukae-
mia’ has been suggested for these cases [150].
Mutations in the KIT gene are found, including, but
not only, the D816V mutation characteristic of
systemic mastocytosis, which was reported in 13/28
cases (46%) in one series [143]; intragenic deletions
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have also been demonstrated [151]. Reported
cytogenetic abnormalities include del(5q), t(10;16)
(922;q13q22) and t(8;21)(q22;q22.1) [143].

Immunophenotype in acute mast cell leukaemia

There may be expression of CD25 (75%) or CD2
(52%) plus markers of immaturity such as CD34,
HLA-DR and CDI123 [143]. CD30 may be
expressed [152]. There is also expression of CD117.

Fig. 1.57 PB film in mast cell
leukaemia showing a neutrophil and
four mast cells. MGG x100. (With
thanks to Dr lan Bunce, Brisbane, and
the late Miss Desley Scott.)

; . Fig. 1.58 Trephine biopsy section
- - from a patient with acute mast cell
@ & ¢ Jeukaemia showing neoplastic mast
& *‘e@‘rf cells with irregular nuclei and
. “.”? & & voluminous cytoplasm. Paraffin
\ = %%’ e .: embedded, H&E x40. (With thanks to
®_9 . _&d Professor Ghulam Mufti, London.)

Cytochemical reactions in acute mast cell leukaemia
Mast cells stain metachromatically with a Giemsa
stain and with toluidine blue, alcian blue and astra
blue. They are CAE positive. There may be cytoplas-
mic crystals, which stain pink on a May—Griinwald—
Giemsa (MGG) stain. When cells are relatively
agranular, immunocytochemistry for mast cell
tryptase is more sensitive than cytochemical stain-
ing (Fig. 1.60) [149].



Fig. 1.59 BM film from a patient with acute leukaemia
showing mast cell and neutrophilic differentiation,
showing: (a) blast cells and immature abnormal mast
cells; (b) abnormal mast cells and a blast cell containing
an Auer rod. MGG x100. (With thanks to Dr Neelam
Varma, Chandigar.)

Fig. 1.60 BM film from a patient with
acute mast cell leukaemia showing a
mature mast cell packed with b
granules that are strongly positive for
mast cell tryptase and several blast

cells with tryptase-positive granules;
these latter cells are therefore

identified as blast cells of mast cell

lineage (same patient as Fig. 1.59).
Immunoperoxidase x100. (With

thanks to Dr Neelam Varma and Dr
Bridget Wilkins.)
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Genetics

Mutations in KIT are found in the majority of
patients and include KI7 D816V and KIT D816H/Y,
with additional mutations in SRSF2, ASXL1 or
RUNX1 being common [153].

Langerhans cell leukaemia

Rare cases of AML have leukaemic cells showing
features of Langerhans cells (Fig. 1.61) [154]. Such
cases may occur de novo but it is likely that cases
resembling M5 AML supervening in Langerhans
cell histiocytosis [155] also represent a leukaemia of
Langerhans cells. The diagnosis is made by assess-
ment of cytology and immunophenotype (CDla
is expressed), with the demonstration of Birbeck
granules by ultrastructural examination providing a
definitive diagnosis.

Hypoplastic or hypocellular acute

myeloid leukaemia

The majority of cases of AML have a hypercellular
bone marrow. However, in a minority of cases the
bone marrow is hypocellular. Hypoplastic AML has
been variously defined as AML with bone marrow
cellularity being less than 50% [156], less than
40% [157], less than 30% [158] or, in the 2016 WHO
classification, less than 20% [159]. Hypoplastic
AML can occur de novo or supervene in MDS.
Often examination of the peripheral blood and
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bone marrow does not permit a distinction from
MDS since there is often pancytopenia with few cir-
culating blast cells and a hypocellular bone marrow
aspirate. Diagnosis, using FAB criteria, is then
dependent on identifying more than 30% of blast cells
on examination of bone marrow trephine biopsy sec-
tions. Hypocellular AML can be assigned to FAB cat-
egories, often falling into M0, M1 or M2 categories.
Because of the high percentage of lymphoid cells in
hypocellular AML it has been suggested that the FAB
criteria for the diagnosis of AML should be modified
in respect to this subtype so that blasts are counted as
a percentage of all nucleated cells with the exception
of lymphocytes [160]. Hypocellular AML often has a
smouldering clinical course. However, intensive
chemotherapy often achieves a complete remission,
which may be associated with restoration of normal
bone marrow cellularity [160].

Clinical correlates of FAB categories of

acute myeloid leukaemia

The FAB category of M3 AML is a distinct disease
entity. Otherwise there are only minor clinical dif-
ferences between FAB categories. M4 and M5 AML
are associated with more hepatosplenomegaly, skin
infiltration and gum infiltration. MO AML [161] and
M6 AML are associated with complex cytogenetic
abnormalities and with a worse prognosis than
other categories.

Fig. 1.61 Langerhans’cell leukaemia.
MGG x100. (With thanks to Dr B.LS.
Srivastava, Buffalo, New York.)

The FAB classification of acute
lymphoblastic leukaemia

Initially, ALL was largely a diagnosis of exclusion.
Although some cases had characteristic cytological fea-
tures, others were categorised as ‘lymphoid’ only
because they did not show any definite cytological or
cytochemical evidence of myeloid differentiation. With
the availability of a wide range of monoclonal antibod-
ies directed at antigens expressed on lymphoid cells,
the diagnosis of ALL is now based on positive criteria.
The role of immunophenotyping in the diagnosis and
classification of ALL will be discussed in detail in
Chapter 2. It is sufficient at this stage to say that ALL is
classified broadly as B lineage or T lineage.

The FAB group have assigned ALL to three cyto-
logical categories: L1 (70-80% of childhood cases),
L2 (about a quarter of childhood cases) and L3
(1-2%). The classification is summarised in
Table 1.13 and illustrated in Figs 1.62, 1.63, 1.64,
1.65, 1.66, 1.67, 1.68, 1.69, 1.70 and 1.71. The only
clinical significance of the FAB classification of ALL
is that: (i) cases with L1 cytological features are
highly likely to be ALL, which can be useful in a
resource-poor setting (whereas cases with L2 cyto-
logical features may represent MO AML); and (ii) that
the rapid recognition of L3 cytological features is
important because this is usually associated with a
mature B immunophenotype and represents a leu-
kaemic phase of Burkitt lymphoma or, occasionally,
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Table 1.13 Morphological features of acute lymphoblastic leukaemia (ALL) subtypes.

FAB category L1ALL L2 ALL L3 ALL

0@
| i
w.‘

o

Cell size Mainly small Large, heterogeneous Medium to large,
homogeneous

Nuclear chromatin Fairly homogeneous, may =~ Heterogeneous Finely stippled,

be condensed in some cells homogeneous
Nuclear shape Mainly regular Irregular; clefting and Regular; oval or round

indentation common

Nucleolus Not visible or small and Usually visible, often large ~ Usually prominent

inconspicuous
Amount of cytoplasm Scanty Variable, often abundant Moderately abundant
Cytoplasmic basophilia ~ Slight to moderate Variable Strong
Cytoplasmic vacuolation Variable Variable Often prominent

’ N transformation of a low-grade lymphoma, such as

follicular lymphoma, as the result of the occurrence
of a Burkitt lymphoma-related translocation occur-
ring as a second event [162]. Neither of these groups
of cases is any longer classified as ALL.

Cytological features of L1 and L2 ALL were
described in detail in earlier editions of this book.
L1 type lymphoblasts are medium sized with a
fairly regular nucleus, high nucleocytoplasmic
ratio, a diffuse chromatin pattern and small and
inconspicuous nucleoli. L2 type lymphoblasts may
be larger and are more pleomorphic. Because L3
cytological features retain clinical significance, they
are described in more detail here.

Fig. 1.62 PB film of a patient with FAB L1 acute It should be noted that although myeloblasts do
lymphoblastic leukaemia (ALL). MGG x100. not show any appreciable chromatin condensation,
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lymphoblasts may do so. This is often noticeable in
some of the smaller blasts in common ALL of L1
type. It has also been noted that a minority of cases of
T-lineage ALL, particularly those with a relatively
mature immunophenotype, have leukaemic cells that

Fig. 1.63 BM film from a patient with
FAB L1 ALL. MGG x100.

Fig. 1.64 Ultrastructure of
lymphoblasts in FAB L1 ALL. (By
~ courtesy of the late Professor Daniel
| Catovsky.)

are difficult to recognise as blasts because of chroma-
tin condensation and inconspicuous nucleoli [163];
immunophenotyping is of importance in these cases.
Occasionally leukaemic lymphoblasts have cup-
shaped nuclei (Fig. 1.72) [164—166], a feature that is
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Fig. 1.65 BM film from a patient with FAB L2 ALL showing Fig. 1.68 PB film of a patient with FAB L3 ALL with the

large pleomorphic blasts; the cells were CD10 positive. immunological phenotype being mature B cell. MGG x100.
MGG %x100.

Fig. 1.66 BM film from a patient with
FAB L2 ALL showing medium to large
pleomorphic blasts, which were
CD10 negative but positive for CD19,
HLA-DR and TdT. MGG x100.

Fig. 1.67 Trephine biopsy section from a
patient with FAB L2 ALL. Note the
pleomorphism of the blast cells. Resin
embedded, H&E x100.
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Fig. 1.69 BM film of a patient with FAB
L3 ALL with the immunological
phenotype being mature B cell. MGG
%x100.

Fig. 1.70 PB film a patient with FAB L3
ALL which was unusual in being of T
lineage and having a t(7;9) translocation.
MGG x100.

Fig. 1.71 Trephine biopsy section from a
patient with FAB L3 ALL, B-cell
phenotype; vacuolation of some of the
blasts can be observed and there are
two blasts undergoing apoptosis.
Paraffin embedded, H&E x100.




much more common in AML. Cup-shaped nuclei in
B-ALL have been strongly linked to IKZFI dele-
tion [166]. In a minority of cases there are small
numbers of azurophilic granules. Sometimes gran-
ules are prominent (Fig. 1.73) [41,167]. Occasional
patients have lymphoblasts with coarse purple gran-
ules [104]. Rarely there are structures resembling
Auer rods [168].

When immunophenotyping is available, cyto-
chemical reactions are redundant in ALL. Their role
is described in Chapter 8.

Fig. 1.72 PB film of a patient with B-lineage
ALL showing two cup-shaped blast cells; this
feature is much more common in AML with
NPM1 and FLT3-ITD mutations than in ALL.

Fig. 1.73 PB film of a patient with B-lineage
ALL showing two lymphoblasts with
prominent granules. MGG x100. (With thanks
to Dr Biswadip Hazarika, New Delhi.)

T
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‘Acute lymphoblastic leukaemia’ of L3 subtype

In L3 ‘ALL’ [29] the blast cells are medium to large
and homogeneous. There is a moderate amount of
cytoplasm. The nucleus is regular in shape, varying
from round to somewhat oval. The chromatin pat-
tern is uniformly stippled or homogeneous, with
one or more prominent, sometimes vesicular, nucle-
oli. The mitotic index is high and many apoptotic
cells are seen. The cytoplasm is strongly basophilic
with variable but prominent vacuolation. Typical
examples are shown in Figs 1.68, 1.69, 1.70 and 1.71.
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A minority of cases with L3 cytological features
have acommon ALL phenotype, a pre-B immunophe-
notype (cytoplasmic immunoglobulin positive) [169]
or even a T-cell phenotype (Fig. 1.70) [170]; such cases
continue to be classified as ALL. Sometimes cases
with an immature immunophenotype show the
MYC:IHG rearrangement characteristic of Burkitt
lymphoma [171]. Rarely the immunophenotype is
of MPAL [172] including hybrid B-T [173] or
B-myeloid [174]. Cases have also been reported with a
lack of B or T markers but with the characteristics of
very early erythroid cells [175,176]; as these latter
cases had cytogenetic findings usually associated with
Burkitt lymphoma the involvement of a primitive cell
with the potential for both B lymphoid and erythroid
differentiation is suggested. Rarely L3 cytology is
associated with small cell carcinoma of the lung [177]
or undifferentiated carcinoma [178].

When a patient shows L3 cytological features, fur-
ther investigation is essential and is urgent; immu-
nophenotyping and cytogenetic or molecular
genetic analysis are required. Patients with L3 cytol-
ogy and a mature B immunophenotype may have
not only Burkitt lymphoma-related translocations
but also t(14;18)(q32;q21.3); the prognosis of the

. TECHNICON @
™

SECH 0oon4ans o
TINME 14:09 413/10/88
svse 001 i
pin] :
s
6.52 21000 WBC
.23 =10RAL - REC
16.1 3-/dL HCE
L4593 HCT
4.2 fL HCY
3.8 P9 MCH
32.7 gsdL MCHE T
14.1 # ROH
Z2.456 g3/dL HOH
311 10870 PLT
L 7.2 fL HMPY
4.7 “ PO
22 b PCT

latter group is poor and optimal management has
not been defined. Rare cases with a B-cell precursor
immunophenotype have t(9;22)(q34.1;q11.2) or
t(1;19)(q23;p13.3) and should be classified and
treated as ALL.

Only when FAB L3 cytological features are associ-
ated with a precursor-B (or precursor-T) immu-
nophenotype, can the diagnosis of ALL be sustained.
Other cases are usually non-Hodgkin lymphoma,
particularly Burkitt lymphoma.

Automated full blood counts
in acute leukaemia

Modern automated instruments that perform full
blood counts detect the majority of cases of AML and
ALL, identifying blast cells by means of their light-
scattering, cytochemical and other characteristics. The
Siemens Advia 120 instrument includes peroxidase
cytochemistry and produces scatterplots similar to
those of earlier Bayer instruments, which are of some
use in the further classification of AML (Fig. 1.74) [179].
Cases of ALL and FAB MO and M7 AML show an
abnormal cluster of large, peroxidase-negative cells
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Fig. 1.74 Printouts from Bayer-Technicon H.1 series instruments on blood samples from a healthy volunteer and from
patients with AML. (a) Histograms, red cell cytogram and scatterplots on a normal blood sample using a Bayer-Technicon
H2 automated blood cell analyser. In the peroxidase cytogram separate clusters are identified, which represent
neutrophils, eosinophils, monocytes, lymphocytes and ‘large unstained (i.e. peroxidase-negative) cells’ (LUC); in the
basophil-lobularity channel there is a rounded head, which represents mononuclear cells (monocytes and lymphocytes)
and an extended tail, which represents neutrophils and eosinophils. Basophils fall above the horizontal threshold.



Cytology, Cytochemistry and Morphological Classification

MORPHOLOGY FLAGS

ANISO
MICRO
MACRD 4+
VAR

HYFO
HYPER

L SHIFT
ATYF *
BLASTS  +
OTHER N
OTHER

REC YOLUME
(0-200 FL2

REC VOLUME :
(0-200 fL> ’ B

HGB CONC  © . ) : : HGB CONC ¢
<0-50 grdLd : L : €0-50 g/dL)

T I wrmms| MU
a

PLT %OLUME
fL>

FLT YOLUME

(b) bt g oy (0720 L

SEGH 0009061 < )
TIME 15:56 23/06/50
SYS# 000

i

H 72,57  x10%/L WBC

L 3.58 =x10%2/L RBC
L 0.8 g-/dL  HGE
L .357 HCT
H 99.9 fL HCY
30.1 P9 HMCH
L 301 g-dL  MCHC
H 15.2 H ROU
2.5 g/dL  HDU
L 3P+ =090 PLT
Lo Al fL HPY
H 80.d4% # FODU REC WOLUME
L 0S8 “ FCT C0-200 fLD
REC FLAGS 0206 v ST
H 90.4% MHEUT H 65.63%
L 7.l# LYMP 5. 15 HGE CONC
L W0%  MOND L 200 C0-50 gsdL>
L% EOS 08 i [
H 3.2¢ BRSO H 2.3+
2.3 LUC H 1.70% l ; R
LI L 4.33 FLT ¥OLUME
HPHI L -31.3 .h . (o-20 fLY 7 :
(d)F”BC FLAGS 4200 TRl et H ¢

Fig. 1.74 (Continued) (b) Histograms, red cell cytogram and scatterplots on a blood sample from a patient with FAB MO
AML performed on a Bayer-Technicon H2 automated analyser. The blasts are peroxidase negative and therefore fall into
the LUC area; the only indication that this is AML not ALL is that the neutrophil cluster is more dispersed than normal,
indicating neutrophil dysplasia. Note also the dense mononuclear cluster expanded leftwards in the basophil-lobularity
channel, which indicates the presence of blast cells. The platelet histogram shows that there is severe thrombocytopenia.
Similar scattergrams to this are also seen in FAB M7 AML. (c) Histograms and scatterplots on a blood sample from a
patient with FAB M1 AML performed on a Bayer-Technicon H2 automated analyser. Some of the blasts fall into the LUC
area but others have peroxidase activity and thus fall into the areas normally occupied by monocytes and neutrophils;
the platelet histogram shows thrombocytopenia. (d) Histograms and scatterplots on a blood sample from a patient with
FAB M2 AML performed on a Bayer-Technicon H2 automated analyser. The blasts show more peroxidase activity than
those in the case of FAB M1 AML, falling further to the right in the peroxidase histogram. The basophil-lobularity
histogram shows the presence of blast cells expanding the mononuclear cluster leftwards and, in addition, causing
pseudobasophilia since some of them fall in the area normally occupied by basophils; there is also thrombocytopenia.
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Fig. 1.74 (Continued) (e) Histograms and scatterplots on a blood sample from a patient with FAB M3V AML performed
on a Bayer-Technicon H2 automated analyser. The abnormal promyelocytes are intensely peroxidase positive and form a
triangular cluster based on the right-hand margin; there is pseudobasophilia and thrombocytopenia. The scattergrams
in FAB M3 AML show the same features as are shown in this case of FAB M3V AML. (f) Histograms, red cell cytogram and
scatterplots on a blood sample from a patient with FAB M4 AML performed on a Bayer-Technicon H2 automated
analyser. There are two populations of blasts, peroxidase-negative monoblasts falling into the LUC area and peroxidase-
positive myeloblasts forming a large abnormal cloud in the neutrophil area; there is pseudobasophilia and
thrombocytopenia. Note that the blast cluster in the LUC area extends further upwards than in the case of FAB M1 AML
(cf. part c of this figure) indicating that many of the blasts are very large. (g) Histograms and scatterplots on a blood
sample from a patient with M4Eo AML performed on a Bayer-Technicon H2 automated analyser. The peroxidase
scatterplot is similar to that seen in FAB M4 AML but extension into the eosinophil area is apparent; there is
pseudobasophilia and thrombocytopenia. The double population shown in the red cell histogram is a result of blood
transfusion, the patient having macrocytic red cells and the transfused cells being normocytic.



(Fig. 1.74b). In M1 AML it is apparent that blasts have
peroxidase activity (Fig. 1.74c), and in M2 AML the
peroxidase activity is stronger (Fig. 1.74d), giving a
higher mean peroxidase score. In M3 and M3V AML
there is very strong peroxidase activity, giving a charac-
teristic scatterplot, which can provide rapid confirma-
tion of a provisional diagnosis of M3V AML (Fig. 1.74e).
M4 (Fig. 1.74f, g) and M5 AML show blasts cells with
variable peroxidase activity.

ABX and related instruments (Horiba Medical)
employ SBB instead of peroxidase cytochemistry and
give similar information to Siemens instruments.
Other automated instruments, for example those
produced by Beckman-Coulter, Sysmex and Abbott,
also produce abnormal scatterplots in acute leukae-
mia. These show some difference between AML and
ALL but do not differentiate well between FAB
subclasses [180].
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