Laboratory techniques
Plastic embedded core biopsy: a complementary
approach to bone marrow aspiration for diagnosing
acute myeloid leukaemia
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SUMMARY Bone marrow aspirates and biopsy specimens were taken at diagnosis from 51 patients
with acute myeloid leukamia (AML). The diagnosis was based on morphological and cytochemical
analyses, and the leukaemias were classified by FAB criteria. A considerable difference was observed
between the results of bone marrow aspirates and the findings of plastic-embedded bone marrow
biopsy specimens, particularly in marrow cellularity, extent of blast cell infiltration, and cell type
involved in the leukaemic process. The myelomonocytic cell type seemed to predominate in the
sections. In four cases there was considerable marrow infiltration with maturing, but dysplastic,
granulocytic cells in the sections, but not in the aspirate smears. Features of potential prognostic
importance, such as bone marrow infiltration with inflammatory cells, were easily recognised and
quantified in the sections.
These results indicate that plastic embedded bone marrow biopsy sections complement the findings
of bone marrow aspiration in the diagnosis of AML and may also provide information of
independent prognostic importance that cannot be obtained by other means.
The diagnostic evaluation of bone marrow from
patients with acute myeloid leukaemia (AML) is still
done on a small marrow sample obtained by aspiration. These aspirates are diluted with sinusoidal blood,
and may or may not accurately reflect the changes
inherent in the leukaemic process or other structural
changes of the marrow in these conditions. Cells
anchored firmly within the marrow or situated focally
may not be withdrawn on aspiration and thus can be
excluded from examination. On the other hand, a long
core of marrow provides a large volume of tissue,
overcomes the problems associated with aspiration
and, when processed into plastic, provides excellent
cellular details and shows the structural organisation
of the marrow. The haemopoietic cells can hence be
evaluated in their own natural, undistorted environment, exhibiting the same cellular relation as in vivo.
We report the findings of bone marrow aspirates and
biopsy specimens, taken simultaneously from 51
patients with AML and classified according to the
FAB criteria.

Patients and methods

Fifty one patients with acute myeloid leukaemia
(AML) were studied at the time of diagnosis. After
informed consent had been obtained a marrow biopsy
specimen, an aspirate, and a sample of peripheral
blood were taken from each patient. AML was
diagnosed from clinical, morphological, and cytochemical criteria according to the FAB classification.'2
Air-dried smears of peripheral blood and bone
marrow aspirates were fixed in methanol and stained
with May-Grunwald and Giemsa's stain (MGG). The
following cytochemical stains were also applied:
periodic acid Schiff, Sudan black, myeloperoxidase,
chloroacetate esterase, non-specific esterase, and acid
phosphatase. Bone marrow cellularity was assessed by
examining several individual marrow fragments in
each case to establish the relative proportions of fat
and marrow cells, and the overall marrow cellularity
was expressed as a percentage.
Single bone marrow biopsy specimens were taken
from the posterior iliac crest with a manual trephine34
and were processed in plastic (methyl-methacrylate)
according to the methods previously described.56
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biopsy specimen results.

Fig 1 Distribution of cases byfab classification.

Fig 2 Bone marrow biopsy specimen (FAB M2) from a case
of AML showing discrete cluster of monoblasts and
promonocytes within marrow cavity. Note abundant
cytoplasm, notched and indented nuclei, and prominent
nucleoli in some cells. (Methacrylate, MGG stain.)

Sections were cut at 2 pm and stained with MGG patients were in the M2 and M4 categories. When
stain6 for cytological detail. Bone marrow cellularity in cytomorphological details were compared, differences
each section was assessed visually under low power in marrow morphology were observed between bone
and the overall marrow cellularity expressed as a marrow aspirate and bone marrow biopsy specimen.
percentage.
One of the two cases classified as FAB M on the bone
marrow aspirate showed small areas of mature granResults
ulopoietic cells in the section. Six of the 22 cases
classified as FAB M2 and four ofthe six cases classified
Fig 1 shows the distribution of the 51 cases according as FAB MS showed some cells with morphological
to the FAB classification. The largest number of features of monoblasts and myelobolasts, respectively,
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Fig 3 Comparison of marrow cellularity based on bone marrow aspirate and bone marrow biopsy specimen.
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Cytomorphologic classification based plastic embedded
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Fig 4 Comparison of extent of blast cell infiltration between bone marrow aspirate and bone marrow biopsy
specimen.

in the sections. The distribution of blast cells with
monocytoid features was not uniform and they were
often seen in discrete clusters (fig 2) or near the
paratrabecular regions. One of the two cases of
erythroleukaemia (FAB M6) showed large clusters of
dysplastic megakaryocytes in the sections but not in
the smears.
In most cases bone marrow cellularity in sections
was higher than that estimated in the aspirate smears
(fig 3). In nine cases aspirate cellularity was less than
50%; while in the sections it was over 50% in eight
cases and over 95% in four of these eight cases.
Concordance between the bone marrow aspirate and
biopsy specimen cellularity was observed in only one
case in this group. In 26 cases bone marrow aspirate
cellularity ranged between 50-75%; in sections 16 of
the 26 cases showed a cellularity of 95-100% and in
another case it ranged between 75-90%. Concordance
between the aspirate and biopsy specimen cellularity
was observed in only nine of these 26 cases. In 16 cases
bone marrow aspirate cellularity ranged between 7590%; 12 of the 16 cases showed a cellularity of over
95% in the section. The statistical analysis7 of these
results showed that there was more agreement than
expected from chance alone (p < 0-001), but the
degree of agreement was poor (p < 0.14).
A considerable difference in the extent of blast cell
infiltration was also observed between the aspirate
smears and biopsy sections (fig 4). In a high proportion
of cases the extent ofblast cell infiltration was higher in
sections than in the aspirate smears.
In about 50% of the cases the bone marrow biopsy
specimen showed a dense infiltration of the marrow
with a homegeneous population of immature (blast)
cells (fig 5a); while in about the same number of cases
the marrow populations were less homogeneous and

contained a mixture of immature and more mature
haematopoietic elements and inflammatory cells (fig
Sb). A small proportion (four cases) of these cases also
showed diffuse or patchy, but clinically important,
marrow infiltration with maturing, but dysplastic,
granulocytic cells (fig 6), which was not reflected in
smears of the aspirates. The distribution pattern of
megakaryocytes was affecLed and they were either
widely scattered or localised in small isolated clusters
(fig 7), while they were often not found in the aspirate
smears. Residual erythropoiesis, when present, was
seen in small islands but was noticeably absent in the
smears.

In 34 cases the marrow was infiltrated either alone
in combination with a variable number of inflammatory cells (lymphocytes, plasma cells, tissue mast
cells, eosinophilic granulocytes and macrophages) (fig
8). The presence and the number of such inflammatory
infiltrates could not be accurately assessed in the
smears because of their patchy, compartmentalised,
and non-uniform distribution pattern, and differential
aspiratibility of the bone marrow aspirate.
or

Discussion
In recent years major advances have been made in the
diagnosis and classification of AML2"'0 though both
are based primarily on the morphological cytochemical, cytogenetic and immunological characteristics of populations of blast cells present in a sample of
marrow obtained by aspiration. In general, these
aspirate samples are small and not truly representative
of the marrow, and sampling errors inherent in the
bone marrow aspiration technique remain a major
problem. On the other hand, a long core marrow
biopsy specimen overcomes these problems and
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Fig 5 Bone marrow biopsy sectionfrom a case ofAML showing (a) homogeneous infiltration ofmarrow with blast cells.
Note presence of sheets ofblasts and absence of mature haematopoietic cells; (b) sectionfrom another case of AML showing
inhomogeneous marrow infiltration with blast cells. Note presence of leukaemic blasts intermixed with mature haematopoietic
elements and inflammatory cells. BL = blast cells, M = megakaryocytes, E = erythroidprecursors, G = granuloid
precursors, L = lymphocytes, PC = plasma cells. (Methacrylate, MGG stain.)
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Fig 6 Bone marrow biopsy section showing considerable
marrow infiltration with maturing, but dysplastic (pseudo
Pelger-Huet anomaly) granulocytic cells. (Methacrylate,

Fig 7 Bone marrow biopsy section showing a small isolated
cluster ofdysplastic megakaryocytes. (Methacrylate, MGG
stain.)

provides a more representative picture of the marrow." This technique, however, is not generally used in
AML diagnosis and classification, primarily because
of the difficulties in morphological identification of
haemopoietic cell types in sections of decalcified
paraffin wax embedded tissues. Such difficulties can be
overcome, however, by using plastic embedding.'213
The results reported here clearly indicate that considerable additional and valuable information can be
obtained in AML by examining sections of plasticembedded long core marrow biopsy specimens.
Using the bone marrow biopsy specimen technique
(fig 3), most (32 of 51 cases) pre-treatment marrows
were highly cellular with virtual replacement of fat. In
18 cases cellularity ranged between 50-90%, while it
was less than 50% in only one case (< 2%). In general,
aspirates did not reflect the marrow cellularity
accurately and, in most cases, it was considerably
lower than that observed in the sections. In nine cases
(> 17%) it was less than 50%. Some of these cases
could have been misdiagnosed as hypoplastic AML'4 if
the bone marrow biopsy sections had not been concurrently studied. The hypoplastic AML's form a
distinct clinical entity and their accurate diagnosis is
important because it is generally accepted that intensive antileukaemic treatment shold be withheld for the
group,'4 or that these patients may benefit from low
dose cytosine arabinoside.'5 Patchy marrow hypoplasia with islands of blast cells are the usual findings'6
and they are best diagnosed in sections.'"
Discrepancies were also observed between the bone

marrow aspirate and biopsy specimen (fig 4) regarding
the quantity of blast cell infiltration. In most cases the
extent of blast cell infiltration was higher in the
sections than in the aspirates, although in three cases it
was lower. In general, bone marrow biopsy specimens

MGG stain.)

provided more accurate results; nevertheless, complete
agreement between aspirate and biopsy specimen was
found in 12 cases (25%). An accurate evaluation of the
blast cell infiltration in the marrow is important
because it provides a rough estimate of the total
leukaemic mass (leukaemia burden) which, in turn,
has some bearing on patient reponse to treatment,
outcome, and prognosis.
Homogeneity of leukaemic infiltrate and the

presence or absence of inflammatory cells were assessed more accurately in sections than in smears. It has
been reported that marrow eosinophilia in AML may
be associated with a good prognosis'8 and that infiltration with plasma cells may indicate a bad prognosis.'7
Increases in the inflammatory infiltrates (lymphocytes,
plasma cells, and macrophages) have also been
associated with a poor prognosis in severe aplastic
anaemia.'9 To date, the importance of these AML
features in relation to prognosis has not been
thoroughly investigated, and our results indicate that
such a study could prove rewarding and clinically

important.

Among the various morphological types of AML
recognised in the section the myelomonocytic variety

as the most common.

The distribution of monoblasts
and promonocytes in sections was not uniform as they
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Fig 8 Details of bone marrow biopsy sections showing presence of inflammatory infiltrates; (a) lymphocytes, (b)
plasma cells, (c) macrophages (d) eosinophilic granulocytes (Methacrylate, MGG stain.)

often seen as small clusters or near the bony
trabeculae. In one case of erythroleukaemia the
presence of megakaryocytes seen in the sections was
not apparent in the smears. The absence of megakaryocytes and monocytic elements in the smears may
be an example of sampling error and selective resistance to marrow aspiration. The actual presence of
these cells may also support the contention that AML
is a proliferation of at least two and possibly all
haemopoietic cell lines."23
An important finding of this study was the demonstration of a group of patients who had clinically

were

important marrow infiltration with maturing,but dysplastic, granulocytic cells. This finding suggests that
these patients may have undergone leukaemic transformation of a previously unrecognised myelodysplastic syndrome, or that they may represent a group of
patients who present in blastic crisis of chronic
myeloid leukaemia without a previously recognised
chronic phase. Alternatively, they may also represent a
group of patients in whom there is an abortive or
residual attempt at differentiation in genuine AML.
An accurate recognition ofthis group of patients is not
only important from a therapeutic point of view, but
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chemical,"'202S26 immunological,927 karyotypical,'°27
and ultrastructural2t I investigations. The recently
developed technique23 of simultaneously identifying a
cell as malignant (clonal chromosomal abnormalities)
and determining its lineage by using lineage specific
monoclonal antibodies could be very important in this
regard. Immunohistological techniques now being
developed for plastic embedded bone marrow biopsy
specimens26 may also add considerably to what can
be learned from these techniques, most of which rely
heavily on a sample of marrow obtained by aspiration.
Through this immunohistological technique it would
also be possible to characterise the leukaemic subpopulations that are localised or firmly anchored
within special regions of the marrow and thus permit
recognition of homogeneity or diversity in a leukaemic
cell population.
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also prognostically, as the presence of this group may
affect the overall outcome of, an AML protocol
evaluation.
Our study shows that the guidelines proposed by the
FAB cooperative group are useful in classifying most
AML cases. It is also apparent from our study, as well
as from others,20 however, that maximal accuracy in
categorisation of such conditions can be obtained only
by analyses based on combinations of morphological
and cytochemical,'224 histological and histo-

