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SUMMARY. A uniform system of classification and nomenclature of the acute 
leukaemias, at present lacking, should permit more accurate recording of the 
distribution of cases entered into clinical trials, and could provide a reference 
standard when newly developed cell-surface markers believed to characterize 
specific cell types are applied to cases of acute leukaemia. Proposals based on con- 
ventional morphological and cytochemical methods are offered following the 
study of peripheral blood and bone-marrow films from some zoo cases of acute 
leukaemia by a group of seven French, American and British haematologists. The 
slides were examined first independently, and then by the group working together. 
Two groups of acute leukaemia, ‘lymphoblastic’ and myeloid are further sub- 
divided into three and six groups. Dysmyelopoietic syndromes that may be confused 
with acute myeloid leukaemia are also considered. Photomicrographs of each of 
the named conditions are presented. 

Chemotherapy has become increasingly effective in the treatment of acute leukaemia, 
particularly in childhood. However, the range of morphological variation in both lympho- 
blastic and myeloblastic leukaemia is very great and in recent years attempts have been made 
to define subgroups and to see whether there are any correlations between the subgroups 
and clinical and laboratory findings, response to treatment and prognosis. Several different 
classifications have been proposed, but the same terms have been used in different ways, and 
different terms have been applied to the same conditions. A group of seven French, American 
and British haematologists have met to discuss the problem with the aims of making pro- 
posals on nomenclature and classification that might serve as a basis from which a generally 
acceptable system could be worked out, and of defining features of each named entity as 
objectively and unambiguously as possible. 

At the present time there is no general agreement on nomenclature or classification, or 
even on the methods for distinguishing myeloid from lymphoblastic leukaemias. It is gener- 
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ally accepted that this latter distinction is important, because, since the first cytotoxic drugs 
were tested, it has been clear that the response of lymphoblastic leukaemia was better than 
that of the acute myeloid leukaemias. It is equally possible that as the results of treatment 
improve, certain subtypes of both main groups may prove to be more responsive than others. 

Other advantages of an agreed nomenclature and classification are: (I) the results of differ- 
ent therapeutic trials could be compared with one another with more confidence; (2) dis- 
crepancies in the results quoted by different workers when applying new techniques for the 
characterization of leukaemic cells would be reduced. 

Before meeting in Paris from 14 to 19 October 1974, Romanowsky-stained films of peri- 
pheral blood and bone marrow from 150 cases of acute leukaemia and disorders that might be 
confused with acute leukaemia were circulated among the participants for diagnosis. At the 
Paris meeting the original diagnoses and those made by each participant were discussed, and 
in cases of disagreement the slides were re-examined. The points of agreement were identified 
and provided the basis on which the present proposals were made. After 8 months of corre- 
spondence and a further working meeting in London from 8 to 10 July 1975, the group 
reached a general agreement on all outstanding issues, and achieved a uniformity of 85% in 
applying the provisional classification to a fresh set of slides deliberately chosen to test 
previously controversial categories. As a result of this high degree of agreement we decided 
to present this classification as a basis for discussion. 

Our first task was to try to establish objective criteria for the separation of the broad group 
of inyeloid from the non-niyeloid (‘lymphoblastic’) leukaemias and we believe we have been 
successful in this. We then attempted to provide similar criteria for defining the morphologi- 
cal borderlines between already well-recognized categories (and some less well recognized) 
in each of the two major groups. In the myeloid leukaemias our subdivisions are largely 
conventional, but difficulty arose in the case of the non-myeloid leukaemias, because the 
variation observed is not easily characterized objectively. This group includes the subgroup 
of childhood leukaemias widely known as lymphoblastic and a much more heterogeneous 
subgroup of undifferentiated leukaemias that cannot be characterized by any conventional 
methods. The cells in a minority of cases in both subgroups have b‘een shown to possess 
surface markers specific for normal lymphocytes, but because the lymphoid nature has not 
been established in a majority of cases we have thought it better to include ‘quotes’ in des- 
cribing the whole group as ‘lymphoblastic’. 

In attempting to define boundaries between overlapping groups, in examining any one 
case, major attention was given to the predominant cell type and providing some indication 
of the range of variability within the population. The latter was often sufficient to preclude 
attempts to provide measurements to indicate cell size, nuclear-cytoplasmic ratio, granulation, 
degree of cytoplasmic basophilia, and similar features. 

The classification is based entirely on the morphological appearances of the bone marrow 
and peripheral blood in Romanowsky-stained films, supplemented in appropriate circum- 
stances by certain cytochemical reactions. Blood films, though essential, especially in the 
myeloid leukaemias, were not considered by themselves as sufficient for diagnosis. Other 
methods now under investigation, but not yet of established diagnostic value, are also re- 
ferred to. In the course of our work we were impressed with the importance of technical 
excellence in the preparation and staining of blood and marrow films, and of choosing areas 
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for examination in which the cells are not distorted in shape or poorly stained by overcrowd- 
ing. It was also found that great caution was required before diagnosing leukaemia when the 
marrow sample was hypocellular. 

We now classify all our cases of leukaemia according to the scheme presented. The 
following descriptions are applicable only to material from patients who have received no 
cytotoxic drug treatment: they are of little or no value when applied to material from 
patients in relapse. In general, they apply to cases in which the bone-marrow films contain 
fragments and trails that are hypercellular or at least normocellular. 

RESULTS AND COMMENTS 

I. ‘LYMPHOBLASTIC’ LEUKAEMIAS 

We describe three types (LI, L2 and L3), defined according to (a) the occurrence of indi- 
vidual cytological features, and (b) the degree of heterogeneity in the distribution among 
the leukaemic-cell population of some or all of these features. The features considered are: 
cell size, nuclear chromatin, nuclear shape, nucleoli, amount and basophilia of cytoplasm. 
For each of the features considered, up to 10% of the cells may depart from that characteristic 
of the type. A summary of the characteristics of each type is given in Table I. 

TABLE I. ‘Lymphoblastic’ leukaemias 

Cytological features LI Lz L3 

Cell size Small cells predominate 

Nuclear chromatin 

Nuclear shape Regular, occasional clefting 

Nucleoli 

Amount of cytoplasm Scanty 

Homogeneous in any one 
case 

or indentation 
Not visible, or small and 
inconspicuous 

Basophilia of cytoplasm 

Cytoplasmic vacuolation Variable 

Slight or moderate, rarely 
intense 

Large, heterogeneous in 
size 
Variable-heterogeneous 
in any one case 
Irregular; clefting and 
indentation common 
One or more present, 
often large 
Variable; often 
moderately abundant 
Variable; deep in some 

Variable 

Large and homogeneous 

Finely stippled and 
homogeneous 
Regular-oval to round 

Prominent; one or more 
vesicular 
Moderately abundant 

Very deep 

Often prominent 

Feattires 0fL1 (Fig I). Predominantly small cells, up to twice the diameter of the small 
lymphocyte. Although characteristically the cells vary little in size, heterogeneity is com- 
patible with LI if all the other features are present. The nuclear chromatin is variable from 
case to case but homogeneous in any one case. It is usually finely dispersed but may appear 
clumped in the smaller cells. The nuclear shape is regular, but the presence of at least some 
degree of clefting, indentation, or folding is compatible with LI. Nucleoli are often not 
visible; the nucleolus when present is usually small and not prominent. The cytoplasm is 
usually scanty (high nuclear : cytoplasmic ratio). Deep cytoplasmic basophilia is uncommon. 
Characteristically, LI is homogeneous in respect of all the features listed. 
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Features ofL2 (Fig 2). Usually the majority of cells are more than twice as large as small 

lymphocytes. In many cases there is marked heterogeneity in cell size. The nuclear chromatin 
varies from finely dispersed to coarsely condensed, and is characteristically heterogeneous in 
any one case. Nuclear clefting , indentation and folding are characteristic and gross irregularities 
in shape are common. Nucleoli are nearly always present; they are variable in size and number 
often large. The amount of cytoplasm in the cells of any one case is variable and often abund- 
ant. Cytoplasmic basophilia is also variable and may be marked in some cases. Characteristi- 
cally, Lz is heterogeneous in respect of all the features listed and there is consequently more 
variation between different cases than in LI as well as in any one case. 

Features ofL3 (Burkitt type) (Fig 3). The cells are large and characteristically homogeneous. 
They have a dense but finely stippled nuclear chromatin. The nucleus is oval to round and 
regular. One or more prominent vesicular nucleoli are present in the majority of cells. The 
cytoplasm is moderately abundant and completely surrounds the nucleus. Intense cytoplasmic 
basophilia is present in every cell. L3 is characteristically homogeneous in respect of every 
feature listed, both from case to case, and in an individual case. A high mitotic index (about 
5 % )  is characteristic. Prominent cytoplasmic vacuolation is often present in a majority of the 
cells; vacuolation may also be present in LI and L2, but is usually less prominent. 

General Remarks on ‘Lymphoblastic’ Leukaemia 
LI represents the type of acute leukacmia common in childhood. L2, less common in 

children, rcquires differentiation from myeloblastic leukaemia without maturation (MI) and 
is sometimes designated ‘undifferentiated leukaemia’. A minority of cases of lymphoblastic 
leukaemia are difficult to classitjr as either LI or Lz on morphological characteristics alone. 
The myeloperoxidase reaction or Sudan Black B staining are essential in the investigation of 
all cases of suspected lymphoblastic leukaemia. Scattered azurophilic granules in primitive 
cells in Romanowsky-stained films are present in rare cases of Lz but they are invariably 
myeloperoxidase-negative. This is the main difference between L2 and MI (see below). 
Because of the heterogeneity of L2 it may not always bc possible to distinguish between 
positive leukaemic blasts and residual normal myeloid cells; the presence of up to 3% of 
myeloperoxidase-positive blast cells is still considered compatible with L2. This is arbitrary, 
but is suggested as a safe limit. Rarely L2 may be confused with poorly differentiated mono- 
cytic leukaemia (M-j) but the fluoride-sensitive esterasc reactions will permit the distinction 
to be made. 

B-lymphocyte markers have been found in most cases of L3 studied, and T-lymphocyte 
markers in about 25% of cases of lymphoblastic leukaemia (other than L3). Therefore, at the 
present time lymphocyte markers cannot be demonstrated in the majority of cases of lympho- 
blastic leukaemia. Thcre are no morphological features characteristic of the minority in 
which T-lymphocyte markers are found. Although ‘lymphoblastic’ is not a satisfactory 
term for the whole group, ‘undifferentiated’ is perhaps even less appropriate. 

11. MYELOID LEUKAEMIAS 

We describe six main types (MI, M2, M3, M4, M5 and M6)* defined according to (a) the 
* The categories MI to M6 are substantially the same, though not identical with those of Galton & Dacie 

(19751. 
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FIGS 1-3 .  ‘Lymphoblastic’ leukacmia-bone marrow. x 800. Fig I = LI; Fig 2 = Lz, Fig 3 = L3. 
FIGS 4 and 5 .  Myeloblastic leukaeniia without maturation (MI)-bone marrow. x 800. Fig 4: May 
Griinwald Gienisa stain; Fig 5 : myeloperoxidase reaction in the same case. 
FIG 6 .  Myeloblastic leukaemia with maturation (Mz)-bonc marrow. x 800. 
FIG 7. Hypergranular promyelocytic leukacmia (M3)-bone marrow. x 800. 
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FIGS 8 and 9. Mycloinonoc-ytic lcukaeiiiia (M4). x 800. Fig 8: bonc marrow; Fig 9: pcriphcml blood 
of the saiiic case. 
FIGS 10 and 11. Moiiocytic Icukaemia (M~)-bonc marrow. x 800. Fig 10: poorly differentiated type; 
Fig I I : differentiated type; note proiiionocytc (arrow). 
FIGS 12 and 13. Naphthol-AS-acctatc csterase reaction in Mg-boric marrow. x 640. Fig 12: strong 
reaction; Fig 13 : almost coiiiplctcly inhibited in thc presence of NaF. 
FIG 14. Erythrolcukaemia (M6)-hone marrow. x 800. 
FIG 15. Refractory anaemia with cxccss of blasts (RAEB)-bone 111arrow; notc iilicro~llegakaryocyte 
/ \ ., O^^ 
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direction of differentiation along one or more cell lines, and (b) the degree of maturation of 
the cells. Thus, MI, M2 and M3 show predominantly granulocytic differentiation and differ 
from one another in the extcnt and nature of granulocytic maturation; M4 shows both 
granulocytic and inonocytic differentiation, MS predominantly monocytic differentiation 
and M6 predominantly erythroblastic differentiation. 

Myeloblastic leukaemia without maturation (MI) (Fig 4). The cells in the bone-marrow show 
some evidence of granulocytic differentiation as shown by either : (a) blasts in Romanowsky- 
stained films which are non-granular and usually containing one or more distinct nucleoli; 
3% or more of the blasts are myeloperoxidase positive (Fig s), or (b) varying proportion of 
blasts containing at least a few azurophilic granules, Auer rods or both. Further maturation 
is not seen. 

Myeloblastic leukaemia with rnaturation (Mz) (Fig 6). The defining characteristic which 
distinguishes M2 from MI is that maturation at or beyond the promyelocyte stage is present. 
The promyelocyte is the largest cell in the normal granulocyte series and contains numerous 
azurophilic granules. More than 50% of the bone-marrow cells are myeloblasts and promye- 
locytes. The leukaemic cells are often nucleolated and have varying amounts of Cytoplasm, 
usually with many azurophilic granules; cells containing Auer rods, almost always single, 
are common. In rare cases almost all the myelocytes, metamyelocytes, and mature granulo- 
cytes are eosinophils. In Mz, in contrast to MI, myelocytes, metamyelocytes, and mature 
granulocytes (often demonstrating abnormal features) may be found in varying propor- 
tions. 

Bilobed or reniform myeloblasts may sometimes be mistaken for monocytes. Howcver, 
they have the small nucleoli and fine chromatin pattern of myeloblasts, and their less abundant 
cytoplasm lacks the ground-glass grey appearance characteristic of monocytes. The use of 
cytochemical reactions specific for monocytes will be helpful in these cases (see later). The 
polymorphs may also show abnormalities in varying proportions and combinations : they 
may have few granules or appear to have none; their nuclei may resemble those of the 
Pelger-Hiiet anomaly, or the cells lack myeloperoxidase activity. Cases with erythroid 
hyperplasia (but less than 50% erythroblasts) without the morphological abnormalities of 
erythroleukaemia, are included in this group. In some cases the combined percentage of 
myeloblasts and promyelocytes in the bone marrow may help to distinguish M2 from one 
of the dysniyelopoietic syndromes (see later). 

Hypergranular promyelocytic leirkaemia (M3) (Fig 7). Characteristic features of this disorder 
are: (a) The great majority of cells are abnormal promyelocytes, with a characteristic pattern 
of heavy granulation. (b) The nucleus varies greatly in size and shape and is often reniform 
or bilobed. (c) The cytoplasm of most of the cells is completely occupied by closely packed 
or even coalescent large granules staining bright pink, red or purple by Romanowsky dyes. 
In some cells the cytoplasm is filled with fine dust-like granules. Characteristic cells containing 
bundles of Auer rods (‘faggots’) randomly distributed in the cytoplasm are almost invariably 
present in the bone marrow and sometimes in the peripheral blood. The cytoplasm of the 
cells which contain faggots is often clear and pale-staining but may also contain azurophilic 
granules. (d) A variable but often high proportion of the hypergranular promyelocytes and 
the faggot cells are disrupted, with granules and Auer rods lying free, over and among other 
cells. It is necessary to distinguish M2 cases in which the percentage of promyelocytes is high 
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from those of M3. In M2 the cytoplasmic granulation is usually less heavy and does not 
obscure the basophilic cytoplasm as is usual in M3 ; however, in M2 occasional cells in which 
the cytoplasm is completely filled with coarse granules may be seen. 

Myelornonocytic leukaerniu (A44 (Figs 8 and 9). Both granulocytic and monocytic differen- 
tiation are present in varying proportions in the bone marrow and peripheral blood. M4 
resembles M2 in all respects except that the proportion of promonocytes and monocytes 
exceeds 20% of the nucleated cells in the bone marrow, the peripheral blood or both. 
However, promonocytes and promyelocytes may not always be readily distinguishable in 
Romanowsky-stained preparations unless the cytochemical reactions specific for monocytes 
are carried out (see later). In some cases the distinction between M2 and M4 depends on the 
high count of promonocytes, monocytes or both in the peripheral blood in M4 (almost always 
above g x  10’11.). In these cases the marrow appearance alone may be that of Mz. When 
the percentage of promonocytes and monocytes in the marrow is high the appearance 
approaches that of Ms (well differentiated), but the percentage of myeloblasts and promyelo- 
cytes always exceeds 20%. 

Monocytic Ieukaemia (Mg). The diagnosis, although based on a Romanowsky-stained film 
of blood and bone-marrow, requires confirmation of cytocheinical methods (see later). Two 
subtypes occur: (a) Poorly differentiated (monoblastic) (Fig 10) is characterized by large 
blasts in the bone-marrow and sometimes in the peripheral blood. The blasts have delicate 
lacy chromatin, and one, occasionally up to three, large prominent vesicular nucleoli. The 
cytoplasm is voluminous, often shows one or more pseudopods, is basophilic and may con- 
tain rare azurophilic granules. The pseudopodia or buds may be more translucent than the 
rest of the cytoplasm and this gives the appearance of a double membrane. A low percentage 
of promonocytes may be present. (b) Differentiated (Fig 11) : monoblasts, promonocytes and 
monocytes are found, but the proportion of nionocytes in the peripheral blood is higher than 
in the bone marrow, in which the predominant cell is the pronionocyte. This cell is similar to 
the monoblast but has a large nucleus with a cerebriform appearance; nucleoli may be present, 
but the cytoplasm is less basophilic, has a greyish ground-glass appearance and fine azurophilic 
granules are often scattered throughout. 

In both types there is almost total replacement of the marrow by leukaeniic cells; however, 
a minor granulocytic component may be present, rarely more than IO%, exceptionally up to 
20%. A few cells may contain Auer rods in both types of MS. The diagnosis (from Mz or m) must then be confirmed by the fluoride-inhibited esterase reactions (Figs 12 and 

Erythroleukaemia (M6) (Fig 14). The erythropoietic component usually exceeds 50% 

of all the nucleated cells in the bone marrow, and the erythroblasts show, in varying 
degree, bizarre morphological features, especially multiple lobation of the nucleus, with 
variation in size of the lobes, multiple nuclei, presence of one or more nuclear fragments, 
giant forms, and megaloblastic features. If the proportion of erythroblasts with bizarre 
dyserythropoiesis exceeds 10% and the other abnornialities (see below) of M6 are present, 
then an erythropoietic component of 30% may suffice. Erythroblasts are often present in the 
peripheral blood. The granulopoietic cells show an increased proportion of myeloblasts and 
promyelocytes, and Auer rods may be seen. The percentage of myeloblasts and proniyelo- 
cytes accompanying these dyserythropoietic changes is variable, but, when it is less than 30% 

13).  
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of all the nucleated cells, an alternative diagnosis such as dysmyelopoietic syndrome should 
be considered (see below). Abnormal megakaryocytes (mononuclear forms or niicromega- 
karyoblasts) may be present. M6 almost always progresses to MI, Mz or M4. 

We recognize that megaloblastic anaemia, congenital dyserthropoietic anaemias, and other 
conditions in which certain cytotoxic drugs (especially cytosine arabinoside and metho- 
trexate) have been administered, may be confused with M6. 

III. DYSMYELOPOIETIC SYNDROMES (DMPS) 

In contrast to the foregoing sections in which the need for cytotoxic-drug therapy is 
widely accepted, there is a range of conditions for which an immediate recommendation to 
start therapy cannot be made or may not be indicated. These are disorders associated with 
bone-marrow hypercellularity in which confusion with acute myeloid leukaemia is possible. 
Conditions such as aplastic anaemia or PNH which may terminate in frank leukaemia will not 
be considered. 

Two broad types of dysmyelopoietic syndrome can be recognized and both are more 
common over the age of 50 years. The conditions are refractory anaemia with excess of 
blasts (RAEB) and chronic myelonionocytic leukaemia (CMML). The presence of a pronii- 
nent monocytic component in the bone marrow and peripheral blood distinguishes CMML 
from RAEB. In CMML the granulocytic component of the bone marrow is more prominent 
than in RAEB, while in RAEB the erythroid component of the bone niarrow is more promi- 
nent than in CMML. Both types require frequent follow-up of peripheral blood counts and 
repeated bone-marrow examination to check for their possible progression towards acute 
myeloid leukaemia. 

Refractory anaemia with excess of  blasts (RAER) (Fig I 5 )  includes conditions variously de- 
scribed as ‘preleukaemia’, ‘smouldering leukaemia’, ‘subacute leukaemia’, and ‘atypical 
leukaemia’. Erythropoietic hyperplasia and dyserythropoietic changes in the bone marrow, 
with or without the presence of ring sideroblasts, are common especially in the initial stages, 
whether or not anaemia is severe. Neutropenia is common, and the absolute monocyte 
count is below I x 10~11. Blasts are not always found in the peripheral blood; the mature 
granulocytes may appear hypogranular or agranular in Romanowsky-stained films, or have 
Pelger-Huet type nuclei. The bone marrow is hypercellular, and promyelocytes and blasts 
together account for 10-30% of all the nucleated cells. Abnormal granulocytic maturation 
is present in varying degree. It is suggested that a search for Auer rods should be made because 
their presence may prove to correlate with prognosis although this is not yet established. 
Progressive increase in the percentage of myeloblasts and promyelocytes towards 50% 

probably indicates the development of myeloid leukaemia. Megakaryocytes are variable in 
number, and mononuclear forms and micromegakaryocytes may be present (Fig IS, arrow). 

Chronic myelomotlocytic Eetlkaemia (CMML) is the only leukaemic condition in which the 
clinical term chronic has been retained in an otherwise strictly morphological classification. 
In the peripheral blood, the monocyte count is at some stage of the disease higher than 
I x 1o9/I., and the monocytes often appear atypical. The absolute neutrophil count is variable. 
Blasts and promonocytes are rarely present, and the neutrophils may show the same abnor- 
malities as in RAEB. The bone marrow is hypercellular as in RAEB and usually shows an 
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excess of myeloblasts and promyelocytes (up to 30%). There is also an increase in promono- 
cytes and monocytes but, as in M4, this may not always be apparent unless the cytochemical 
reactions specific for the monocytic series are carried out (see below). Serum lysozyme con- 
centrations are raised in CMML but not in RAEB. 

SPECIAL INVESTIGATIONS 

Cytochemical tests of’ diagirostic value. Two cytochemical methods, the myeloperoxidase 
and non-specific esterase reactions (the latter before and after exposure to NaF with naphthol 
AS- or ASD-acetate as substrates) are recommended for routine use in the investigation of 
every new case of acute leukaemia. The myeloperoxidase reaction, or alternatively Sudan 
Black B staining, is positive in all the myeloid leukaemias. Its special importance is in making 
the distinction between myeloblastic leukaeiiiia (MI) (Fig 5 )  and ‘lymphoblastic’ leukaemia 
(especially Lz). The naphthol AS- or ASD-acetate esterase reaction (NASDA) is positive in 
the majority of monocytic, granulocytic, and myelomonocytic leukaemias, but in mono- 
blasts, promonocytes, and monocytes the reaction is often stronger (Fig 12) and is completely 
or almost completely inhibited by sodium fluoride (Fig 13) .  In granulocytes the positivity 
of the reaction is unaffected by exposure to fluoride. 

Cytochemical tests recommended -for firture assessment. The PAS reaction for glycogen is 
negative in L3 but gives variable results in LI, L2 and in the myeloid leukaemias. 

The acid-phosphatase reaction gives strong positivity localized to the Golgi region in more 
than 80% of the blast cells in some cases of lymphoblastic leukaemia. This pattern has been 
observed in a high percentage of cases in which T markers were demonstrated. The acid- 
phosphatase reaction described is relevant only in the context of lymphoblastic leukaeniia, 
because the enzyme is also present in myeloid cells. 

Lysozyme estimations. The serum lysozyme concentration is elevated in conditions with a 
prominent monocytic component. Concentrations above four times the upper limit of the 
normal range are almost always confined to w, MS and CMML. The cytobacterial method 
indicates the production of lysozyme by individual cells, and the majority of cells of the 
iiionocytic series react positively. 

Testsfor lymphocyte markers. Tests for B and T lymphocyte markers are now increasingly 
being applied to the investigation of leukaemias and niay become of value iii classification as 
information accumulates. 
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