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Routine and specialised techniques in the
diagnosis of haematological neoplasms

B J Bain

Introduction
Haematological diagnosis has traditionally
been based on light microscopy supplemented
by cytochemistry. However, during the past
decade the development ofnew techniques and
increasingly effective and specific treatiments
have radically altered the approach ofthe haem-
atologist to the diagnosis of haematological
neoplasms. New methods ofinvestigation, such
as immunophenotyping and cytogenetic and
molecular genetic analysis, have moved rapidly
from being research tools to being sources of
information which have an influence on patient
management. Although rapid development is
continuing, it seems an appropriate time to
review the role of the various techniques now
available from the viewpoint of haematologists
working outside specialist leukaemia centres.
There are four main reasons for the thorough

investigation of haematological malignancies:
(i) to determine prognosis and to aid the se-
lection of the best treatment for an individual;
(ii) to advance scientific knowledge; (iii) to aid
the education of trainees and the continuing
education of haematologists; and (iv) to main-
tain the expertise and the interest of laboratory
scientists. In the routine diagnostic laboratory
the first reason is by far the most important
but the significance of the others should not
be underestimated. To confine investigations
to those of immediate and obvious relevance
to patient management would lead to the im-
poverishment of haematology and would ul-
timately lessen the quality of patient care. In
addition, many non-specialist centres enter
patients into clinical trials and in this context
detailed investigation and accurate cat-
egorisation is important.
Although the development of immuno-

phenotyping and of cytogenetic and molecular
genetic analysis has lessened the importance
of cytochemistry, the role of microscopy is
undiminished. Careful examination of both
peripheral blood and bone marrow films some-
times permits a definitive diagnosis and, when
it does not, it at least provides a provisional
diagnosis, indicates which of the more spe-
cialised investigations are most likely to be
useful and provides a context for the in-
terpretation ofsuch specialised tests. Errors are
likely to be made if microscopy is neglected-
for example, occasional cases of acute myeloid
leukaemia (AML) show aberrant expression of
a lymphoid antigen but fail to express any of
the common myeloid antigens.

In this review I will not discuss details of
techniques since up to date recommendations
from expert groups are available.l" The role of
different types ofinvestigation will be discussed

in relation to the provisional diagnosis, dealing
separately with the acute leukaemias, myelo-
dysplastic syndromes, chronic myeloid leuk-
aemias, and chronic lymphoproliferative dis-
orders. I shall use the French-American-British
(FAB) terminology and classifications.5'7

The acute leukaemias
The role of laboratory investigation in acute
leukaemia is (i) to confirm the diagnosis of
acute leukaemia, (ii) to distinguish AML from
acute lymphoblastic leukaemia (ALL) and (iii)
to identify certain subtypes of acute leukaemia
which require special management. At present,
it is important to identify acute promyelocytic
leukaemia and its variant (M3 and M3V AML)
and Burkitt type ALL (L3 ALL). The iden-
tification of M3/M3V AML is important be-
cause of the need to correct the associated
haemostatic abnormality and because of the
demonstrated efficacy of all-trans-retinoic acid
in treatment. The identification of L3 ALL
is important because of the greatly improved
prognosis with appropriate intensive com-
bination chemotherapy.89 It can also be im-
portant to identify certain cytogenetic subtypes
of acute leukaemia which have such a poor
prognosis with standard treatment that the use
of "innovative and experimental therapy"'l is
justified. Such highly unfavourable categories
include Philadelphia (Ph) positive acute leuk-
aemia and infant ALL associated with karyo-
typic abnormalities having an 11 q23 break-
point.

CYTOLOGY, HISTOLOGY AND CYTOCHEMISTRY
Cytological assessment is of major importance
in the diagnosis of acute leukaemia and, to-
gether with a limited range of cytochemical
reactions, permits the diagnosis of the majority
of cases ofAML and a provisional diagnosis of
ALL. Histological assessment of a trephine
biopsy specimen is necessary for the diagnosis
of hypocellular AML and for the diagnosis
of those cases of M7 AML in which fibrosis
prevents an adequate bone marrow aspirate
being obtained. Histology is only necessary in
ALL in the rare cases with a failed bone marrow
aspirate.
The most important cytochemical tests are

the myeloperoxidase (MPO) reaction or Sudan
black B (SBB) stain for the identification of
myeloid differentiation and a "non-specific"
esterase reaction, such as a-naphthyl acetate
esterase (ANAE), for identification of mono-
cytic differentiation.21' The MPO reaction per-
mits the FAB categories ofMI, M2, M3, M3V,
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and M4 AML to be identified as myeloid;
many, but not all, cases of M5 AML are also
MPO positive. A naphthol AS-D chloroacetate
esterase (CAE) reaction is granulocyte specific
but is less sensitive than MPO and SBB in the
detection of myeloid differentiation. It should
therefore not replace MPO or SBB although it
is useful in a combined esterase reaction and
occasional cases which are MPO and SBB
negative are CAE positive.
A strong diffuse ANAE reaction permits

identification of the monocytic component in
M4 and M5 AML; however, in a minority of
cases of M5a AML the non-specific esterase
reaction is negative."2 A focal positive reaction
is also obtained in some cases ofM7 AML, in
some T lineage ALL and sometimes in the
erythroblasts ofM6 AML. The cx-naphthyl bu-
tyrate esterase reaction is an alternative to
ANAE. It gives similar reaction patterns but
is more specific for the monocyte lineage as
megakaryoblasts give weak or negative re-
actions.

If mast cell or basophil differentiation is
suspected, a toluidine blue stain is indicated,
although metachromatic staining has also been
reported in some cases ofM3 AML. 3 Primitive
cells of basophil lineage are sometimes MPO
and SBB positive but are CAE negative. Mast
cells are CAE positive and SBB and MPO
negative. They can be specifically identified
by naphthol AS aminocaproate esterase pos-
itivity.'4 Diagnosis of these rare leukaemias can
be of some significance because of the clinical
effects of secretion ofhistamine and other vaso-
active substances.
The availability of immunophenotyping has

greatly reduced the need for the periodic acid-
Schiff (PAS) and acid phosphatase reactions.
Although the demonstration of PAS block
positivity supports a diagnosis ofALL and focal
acid phosphatase positivity supports a diagnosis
ofT lineage ALL, neither reaction is specific."
These tests are therefore only necessary in
circumstances when there is no access to im-
munophenotyping.

Cytochemical tests have been found to have
some prognostic significance in acute leuk-
aemia. PAS block positivity correlates with bet-
ter prognosis in childhood ALL'5 and SBB
positivity with better prognosis inAML. 6 How-
ever, in neither case is the prognostic sig-
nificance of sufficient magnitude to influence
patient management.

IMMUNOPHENOTYPING
Immunophenotyping is essential (i) to make a
positive diagnosis of ALL and MO and M7
AML, (ii) to confirm the diagnosis of M5a
AML when relevant cytochemical reactions are
negative and (iii) to identify cases of AML in
which the leukaemic cells are very primitive
erythroid cells. Large cell lymphoma in leuk-
aemic phase and small cell tumours of child-
hood can be confused with acute leukaemia if
immunophenotyping is not used. Immuno-
phenotyping is therefore indicated in all cases
of suspected acute leukaemia which are not
otherwise demonstrated to be myeloid.

In both ALL and AML, immunopheno-
typing can give information of relevance to
prognosis and possibly to choice of treatment.
This is so when mature B cell ALL is identified.
Not all cases of B-ALL have L3 morphology
and rare cases with L3 morphology are not B-
ALL; the detection of membrane immuno-
globulin is therefore important in confirming
the diagnosis of L3/B-ALL and in identifying
other cases of mature B-ALL which, although
morphologically atypical, may nevertheless
have Burkitt's lymphoma associated trans-
locations'7 and should be treated intensively.
The presence of cytoplasmic u-chain (pre-B-
ALL) also correlates with a worse prognosis in
some,'8 but not all,'9 series but only because
of its common association with t(1;19)(q23;
p13). Although tests for cytoplasmic u-chain
are now being more widely performed this
test is not essential if cytogenetic analysis is
performed in all cases. In some North American
and European centres cases identified as T
lineage ALL are treated more intensively or
with alternative chemotherapy but in Britain
this is not usually so. Among cases of AML
there is evidence that CD7 positivity and CD34
positivity are adverse prognostic indicators but,
at present, immunophenotyping is not of
importance in determining choice of treatment.
Ifthe suspected poor prognosis ofbiphenotypic
leukaemia is confirmed and alternative treat-
ment for these cases is developed, the general
use ofimmunophenotyping in all cases of acute
leukaemia will become more important.

CYTOGENETIC AND MOLECULAR GENETIC
ANALYSIS
Cytogenetic analysis in AML can be used to
confirm a diagnosis and to predict prognosis
and thus enable one to choose treatment which
is related to the prognosis. Ideally, cytogenetic
analysis should be carried out on all cases of
acute leukaemia.
An example of the use of cytogenetics to

confirm a diagnosis is the demonstration of
the t(15;17)(q22;qll-12) in M3/M3V AML.
There is rarely any difficulty in recognising
classic M3 AML but M3V sometimes has ab-
errant cytochemical reactions and can be con-
fused with acute monocytic leukaemia and with
biphenotypic leukaemia with myeloid and nat-
ural killer cell markers.20 Cytogenetic analysis
can also confirm the diagnosis in those cases
of AML associated with t(8;21)(q22;q22) in
which the blast percentage is unusually low.

Patients with AML can be divided into three
prognostic groups on the basis of cytogenetic
analysis. The most favourable cytogenetic
categories are t(8;21)(q22;q22), t(15;17)(q22;
qll-12) and inv(16)(p13 q22). The most un-
favourable are t(9;22)(q34;qll), t(6;9)(p23;
q34), inv(3) (q21 q26), complex karyotypic ab-
normalities, and deletions and monosomies of
chromosomes 5 and 7. Trisomy 8 falls into an
intermediate group. Although it is possible to
define prognostic categories it is not yet clear
to what extent the selective application of
intensive therapy to adverse categories will im-
prove the prognosis. However, radical therapy
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is clearly justifiable in young patients when the
prognosis is otherwise very poor.

Karyotypic analysis is rarely needed to con-

firm the diagnosis of ALL but it is of some
importance in identifying good and poor prog-
nostic groups.2'-23 Prognosis can only be
considered in relation to treatment. With con-
ventional, moderately intensive treatment a

good prognosis has been associated with high
hyperdiploidy (51 to 65 chromosomes) and
with dic(9;12)(pl1;p12). A poor prognosis has
been associated with the three Burkitt's lymph-
oma associated translocations and with near

haploidy, hypodiploidy, t(4; 1 1) (q2 1;q23), and
t(9;22) (q34;ql 1). Intermediate prognosis is as-
sociated with del(6)(q). The prognosis ofALL
with t(l;19) (q23;p 13) has improved when the
presence of a translocation has been one of
the factors which might lead to the selective
application of more intensive treatment.22 The
prognosis ofALL with t(9;22)(q34;ql 1) or t(4;
11) (q21;q23) is so poor that very intensive
treatment is clearly justifiable. It appears that
at least for Ph positive AIL, results are better
with bone marrow transplantation24 or al-
ternative chemotherapy25 than with standard
chemotherapy.

Cytogenetic analysis is indicated whenever
treatment induced leukaemia is suspected, in
order that such iatrogenic disorders should be
recognised and documented. In addition to
the well recognised karyotypic abnormalities
associated with AML caused by alkylating
agents and related drugs, a different range of
abnormalities has more recently been re-

cognised following the use of topoisomerase II
interactive drugs.26 The latter group of drugs
induces occasional cases of ALL as well as,
more commonly, AML.

Karyotypic information of prognostic rel-
evance can be obtained not only from standard
cytogenetic analysis but also from newer tech-
niques such as fluorescence in situ hybridisation
(FISH), the DNA index and analysis ofDNA
or RNA (molecular genetic analysis). These

techniques are useful when a few specific ab-
normalities are being sought-for example, in
ALL, the BCR/ABL fusion gene associated
with t(9;22), the E2A/PBX1 fusion gene as-
sociated with t(l;19), and rearrangement of
the MLL (HRX) gene associated with 1 1q23
breakpoints as in infants with t(4; 1 1).1o In these
situations molecular genetic analysis may be
superior to cytogenetic analysis as adequate
metaphases for analysis are not obtained in
all cases of acute leukaemia and some cases

without the usual translocation nevertheless
have HRX or BCRIABL rearrangement. In
ALL an alternate technique to detect hyper-
diploidy is the DNA index, determined by
flow cytometry. This is an important prognostic
indicator97 which is already being used for strat-
ification in some trials.

The myelodysplastic syndromes
The reasons for performing specialised in-
vestigations in the myelodysplastic syndromes
(MDS) are: (i) to confirm the diagnosis; and
(ii) to determine prognosis and identify groups

which may benefit from specific forms of
treatment.

CYTOLOGY, CYTOCHEMISTRY AND HISTOLOGY
Cytology of peripheral blood and bone marrow
are crucial in suspected MDS and are often
sufficient to establish the diagnosis. Cyto-
chemistry is also important. A Perls' stain for
haemosiderin and either a MPO or SBB stain
is indicated. A Perls' stain permits the iden-
tification of ring sideroblasts, giving support
for a diagnosis of MDS if there is no reason to
suspect sideroblastic erythropoiesis secondary
to drugs, chemicals or another bone marrow
disease. Iron stores can also be assessed but a
serum ferritin assay is a more reliable way to
demonstrate iron overload. A MPO or SBB
stain is indicated to ensure that any Auer rods
present are identified as cases with Auer rods
are more likely to respond favourably to chemo-
therapy.28 Cytochemical stains may give sup-
port for a diagnosis of MDS when maturing
cells with enzyme deficiency or aberrant cyto-
chemical reactions are identified. However,
they are not often used for this purpose nor is
the identification of the lineage of any blasts
important as lymphoblastic transformation is
uncommon and distinguishing between myelo-
blasts, megakaryoblasts and monoblasts has no
therapeutic relevance.
A trephine biopsy is important whenever a

poor bone marrow aspirate is obtained. Histo-
logical examination permits MDS to be dis-
tinguished from hypocellular AML and from
aplastic anaemia. This diagnostic problem is
particularly likely in secondary MDS which
more often has a hypocellular bone marrow
and bone marrow fibrosis. Histology is useful
for identifying dyserythropoiesis and dysplastic
megakaryocytes but is not very useful for the
detection of dysgranulopoiesis. It will oc-
casionally confinn a diagnosis of MDS, if ab-
normal localisation of immature precursors
(ALIP) is detected. However, cases with ALIP
usually have other features indicative ofMDS
in either peripheral blood or the bone marrow
aspirate. Whether ATIP is an independent
prognostic indicator is disputed, findings
differing in different studies.

IMMUNOPHENOTYPING
Immunophenotyping can be used to assign a
lineage to blast cells. However, this is of little
therapeutic relevance and immunophenotyping
is therefore not of any great importance in
MDS.

CYTOGENETIC AND MOLECULAR GENETIC
ANALYSIS
Cytogenetic analysis can be used to confirm a
diagnosis of MDS, particularly in cases with
isolated cytopenia and minimal morphological
evidence of dysplasia. In cases with char-
acteristic cytological abnormalities karyotypic
analysis is not necessary for diagnosis and the
absence ofa detectable clonal abnormality does
not exclude MDS.
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The presence and nature of any cytogenetic
abnormalities are also relevant to prognosis.
Those abnormalities which are associated with
a poor prognosis in AML are predictive, in
MDS, of early leukaemic transformation and
early death from the complications of cyto-
penia, whereas the presence of a normal karyo-
type or of5q- or 20q- as an isolated abnormality
is associated with a relatively good prognosis.
Choice oftreatment can be influenced by prog-
nostic information derived from cytogenetic
analysis. Thus iron chelation therapy might be
indicated in a patient with refractory anaemia
with 5q- as a sole abnormality whereas such
therapy would have little relevance in a patient
with inv(3) (q21 q26) or t(6;9) (p23;q34) in
whom early transformation and death would
be likely. Conversely, bone marrow trans-
plantation or treatment of the type used in
acute leukaemia would be more relevant in a
young patient with a very adverse karyotype.

Molecular genetic analysis is occasionally
useful to demonstrate clonality and thus give
support to a diagnosis of MDS. Otherwise,
it does not have a major role in patient
management.

Chronic myeloid leukaemias
Chronic myeloid leukaemia in adults can be
further categorised as chronic granulocytic
leukaemia (CGL), atypical chronic myeloid
leukaemia (atypical CML) and chronic myelo-
monocytic leukaemia (CMML). Children
may have juvenile CML and various myelo-
dysplastic/myeloproliferative disorders, some
of which are associated with the presence
of monosomy 7. In general, the most useful
diagnostic methods are examination of peri-
pheral blood and cytogenetic and molecular
genetic analysis.

CYTOLOGY, CYTOCHEMISTRY AND HISTOLOGY
Peripheral blood cytology and leucocyte
differential counts are crucial in the diagnosis
of the CMLs. Ph positive CGL can be diag-
nosed with a high degree of reliability from
the differential count alone.29 Ph negative CGL
is haematologically identical. A diagnosis of
atypical CML is likely in cases with immature
granulocytes but with more prominent mono-
cytosis than occurs in CGL; other atypical
features which suggest this diagnosis are a
greater degree of anaemia and thrombo-
cytopenia and less consistent basophilia and
eosinophilia. Atypical CML differs from
CMML in that there are usually at least 5-15%
ofcirculating immature granulocytic cells (blast
cells to myelocytes). Cases of CMML do not
often have more than 5% immature gran-
ulocytes in the peripheral blood and rarely have
eosinophilia or basophilia. Children very rarely
develop CGL. Juvenile CML is a quite distinct
disorder characterised by neutrophilia, mono-
cytosis, anaemia, thrombocytopenia, and
sometimes immature granulocytes and nuc-
leated red blood cells in the peripheral blood;
it also shows features typical of fetal ery-
thropoiesis such as an elevated percentage of

haemoglobin F and strongly expressed i an-
tigen. Children may also develop a condition
with some similarities to adult CMML, com-
monly associated with monosomy 7.

In the CMLs examination of bone marrow
is usually less informative than examination of
peripheral blood, although it is necessary to
exclude acute transformation and sometimes
to distinguish atypical CML from AML.

Cytochemistry is no longer important in the
diagnosis of CGL as, although the neutrophil
alkaline phosphatase (NAP) score is lowered in
about 95% of cases, cytogenetic and molecular
genetic analysis permit a much more precise
diagnosis. If these techniques are not available,
the NAP score can be useful. A low NAP score
favours a diagnosis of CGL but low scores are
also seen in appreciable numbers of patients
with other forms of CML. A reduced NAP
score is common in atypical CML, although
normal and even high scores are observed much
more frequently than in CGL. Similarly,
CMML may have either low or normal scores.
The NAP score is more useful for dis-
tinguishing CGL from reactive conditions than
from other myeloproliferative disorders. How-
ever, except in early cases with only a minor
degree of elevation of the white cell count,
there is rarely any difficulty in making this
distinction.

Histological examination ofa trephine biopsy
specimen is not necessary for diagnosis.

IMMUNOPHENOTYPING
Immunophenotyping has no useful role during
the chronic phase of the CMLs. CGL has a
high probability of acute transformation which
is lymphoblastic in about one third of cases. As
remission is much more likely in lymphoblastic
transformation, immunophenotyping is in-
dicated whenever a transformation is not ob-
viously myeloid. In myeloid transformations
the precise lineage of the blasts is not of rel-
evance to treatment and immunophenotyping
is therefore not necessary. Blast transformation
in the other CMLs is rarely lymphoid so that
typing of blasts present during acute trans-
formation is not necessary for patient man-
agement.

CYTOGENETIC AND MOLECULAR GENETIC
ANALYSIS
Karyotypic analysis is of considerable impor-
tance in the CMLs for making a precise diag-
nosis, for determining prognosis and for
monitoring the response to treatment. Cyto-
genetic analysis is indicated in all cases
but particularly in those patients in whom
interferon therapy or bone marrow trans-
plantation is being considered. The presence
at diagnosis of other karyotypic abnormalities
in addition to t(9;22)(q34;q 1l) correlates with
a worse prognosis30 and may influence choice
of treatment. For this reason, it may be in-
appropriate for the detection of BCRIABL re-
arrangement by molecular genetic analysis to
replace cytogenetic analysis. However, mo-
lecular genetic analysis is indicated in Ph neg-
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ative cases, in order to confirm the diagnosis
of Ph negative CGL. Identification of this con-
dition is important as it appears to have the
same biological characteristics and treatment
response-for example, to interferon, as Ph
positive CGL.3132

Karyotypic analysis is also sometimes neces-
sary to distinguish between atypical CML and
cases of CGL in which transformation has
occurred before development of all of the fea-
tures of chronic phase disease. The latter may
have residual cytogenetically normal cells and
further clonal abnormalities in addition to t(9;
22)(q34;ql 1).

Sequential cytogenetic analysis is indicated
during therapy with interferon as the ap-
pearance of extra cytogenetic abnormalities
may indicate a worse prognosis33 and as im-
proved survival can be predicted by reversion to
a Ph negative status or other major cytogenetic
responses.3435 Cytogenetic monitoring is also
indicated following bone marrow trans-
plantation.

Cytogenetic analysis is indicated in
childhood myeloproliferative/myelodysplastic
conditions. The karyotype is often normal in
juvenile CML, whereas monosomy 7 is com-
mon in other cases which lack the char-
acteristics of fetal haemopoiesis.

Other myeloproliferative disorders
CYCTOLOGY, HISTOLOGY AND CYTOCHEMISTRY
Examining the peripheral blood is important
for diagnosing myeloproliferative disorders
(MPD). In idiopathic myelofibrosis the char-
acteristic blood film is very important for diag-
nosis. In other MPDs the detection of an
increased basophil count, giant platelets or cir-
culating megakaryocytes supports a diagnosis
ofMPD rather than a reactive condition. Bone
marrow aspirates and trephine biopsy speci-
mens are essential for the diagnosis of idio-
pathic myelofibrosis and systemic mastocytosis
and are often useful in the diagnosis of the
other MPDs if there is marked hypercellularity
or abnormal megakaryocyte morphology or
topography.

Cytochemistry is of minor importance in
the diagnosis of MPDs other than CGL. The
NAP score may be elevated in both poly-
cythaemia rubra vera and essential thrombo-
cythaemia and gives some support for the
diagnosis ofMPD; however, some patients with
secondary polycythaemia and reactive throm-
bocytosis would also be expected to have an
elevated NAP score. It is important to differ-
entiate Ph positive essential thrombo-
cythaemia, which has a considerably worse
prognosis, from other cases of essential
thrombocythaemia. It might be anticipated that
the NAP score would be low in such cases and
would help in making the distinction but this
has been found not to be so."
As acute transformation in MPDs other than

CGL is almost always myeloid, cytochemistry
for determining blast cell lineage is not clinically
useful.

IMMUNOPHENOTYPING
Immunophenotyping is not generally useful in
MPDs.

CYTOGENETIC AND MOLECULAR GENETIC
ANALYSIS
Cytogenetic analysis can be ofuse when aMPD
is suspected but there is insufficient evidence
to establish the diagnosis. The presence of a
clonal cytogenetic abnormality is then con-
firmatory but its absence does not exclude the
diagnosis. It is indicated in cases of "idiopathic
hypereosinophilic syndrome" as some such
cases have clonal cytogenetic abnormalities and
are best regarded as having a MPD, spe-
cifically chronic eosinophilic leukaemia.

Cytogenetic analysis can give information
relevant to prognosis. In essential thrombo-
cythaemia not only the Ph chromosome but
also inv(3)(q21q26) indicates a much worse
prognosis and is likely to influence patient man-
agement. Cytogenetic analysis should therefore
be carried out at least in cases with any atypical
features-for example, blast cells in peripheral
blood, a marked increase of the basophil count
or dysplastic megakaryocytes. In idiopathic
myelofibrosis the detection of any clonal cyto-
genetic abnormality indicates a worse prognosis
in comparison with those in whom no such
abnormality can be detected37 but as no effect-
ive treatment is available cytogenetic analysis
is not generally clinically useful.

Molecular genetic analysis can be used to
demonstrate BCR/ABL rearrangement in Ph
positive essential thrombocythaemia and is oc-
casionally useful for demonstrating clonality
when the diagnosis ofMPD is not certain.

Chronic lymphoproliferative disorders
The specific diagnosis of the various chronic
lymphoproliferative disorders (LPD) is im-
portant as prognosis and optimal therapy differ.
Cytology, histology and immunophenotyping
have major and complementary roles both in
the diagnosis and in the categorisation ofLPD.

CYTOLOGY, HISTOLOGY AND CYTOCHEMISTRY
When peripheral blood and bone marrow are
not involved in a LPD, diagnosis is based on
histology supplemented, when necessary, by
immunohistochemistry. When neoplastic cells
are present in the peripheral blood or bone
marrow, accurate diagnosis is often possible,
without recourse to a lymph node biopsy, by
means of an assessment of clinical, cytological
and immunophenotypic features. In some con-
ditions a diagnosis based on cytology and im-
munophenotyping is more likely to be accurate
than one based on histology. This is true-for
example, in large granular lymphocyte leuk-
aemia, in T-prolymphocytic leukaemia (T-
PLL) and in adultT cell leukaemia/lymphoma.
Cytological features of LPDs have been re-
viewed recently.38 Histology ofa trephine biopsy
specimen can also be very useful, particularly
in distinguishing between chronic lympho-
cytic leukaemia (CLL) and non-Hodgkin's
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lymphoma, and in making a specific diagnosis
of hairy cell leukaemia. The pattern of bone
marrow infiltration in CLL may be interstitial,
nodular or diffuse but is not paratrabecular,
whereas in non-Hodgkin's lymphoma in-
filtration is often paratrabecular and rarely nod-
ular. Hairy cell leukaemia shows a diffuse
infiltrate with widely spaced nuclei with a fairly
uniform chromatin pattern, which are sur-
rounded by scanty ragged cytoplasm and an
apparently empty space consequent on cell
shrinkage. This appearance, which is more
striking in paraffin wax than in plastic em-
bedded sections, is so characteristic that it is
sufficient to confirm the diagnosis.

Cytochemistry is of little importance in
LPDs. Tartrate resistant acid phosphatase
(TRAP) activity remains useful in the diagnosis
of hairy cell leukaemia although it is not totally
specific. Positive results are found in the great
majority of cases of hairy cell leukaemia and in
some cases of the variant form of hairy cell
leukaemia. Positive reactions are sometimes
seen in other LPDs-for example, in a minority
of cases of B-prolymphocytic leukaemia and of
splenic lymphoma with villous lymphocytes.
The importance of the TRAP reaction has
declined since the highly characteristic ap-
pearance of hairy cell leukaemia in trephine
biopsy specimens has been appreciated and
since the characteristic immunophenotypic
profile39 has been defined. Nevertheless, labora-
tories which do not have the specific antibody
panel necessary for an immunophenotypic
diagnosis of hairy cell leukaemia may wish to
test for TRAP positivity.

IMMUNOPHENOTYPING
Immunophenotyping is important in dem-
onstrating the presence of a clonal population
of cells, in differentiating chronic LPDs from
ALL and in making a precise diagnosis of a
LPD. Immunophenotyping is indicated in all
cases of suspected LPD. It might be considered
unnecessary in cases which appear to have
typical clinical and cytological features of CLL,
but in fact it is not uncommon for other con-
ditions-for example, splenic lymphoma with
villous lymphocytes, follicular lymphoma or the
small cell variant ofT-PLL, to be misdiagnosed
as CLL if immunophenotyping is not per-
formed.
Immunophenotyping is very useful in dem-

onstrating light chain restriction in B-cell LPD,
thus providing evidence of clonal proliferation.
Some low grade non-Hodgkin's lymphomas,
particularly mantle cell lymphoma, can be con-
fused with reactive conditions on cytology alone
and, conversely, post-splenectomy lympho-
cytosis and polyclonal B cell proliferation of
cigarette smokers have been confused with neo-
plastic disorders until immunophenotyping was
done. In T cell disorders immunophenotyping
cannot establish clonality although a very uni-
form phenotype is suggestive.
Immunophenotyping is useful if there is any

difficulty distinguishing between ALL and a
chronic LPD. In ALL, with the exception of
B-ALL, the neoplastic cells are terminal deoxy-

nucleotidyl transferase (TdT) positive and do
not express membrane immunoglobulin. T and
B cell lymphomas, with the exception of
lymphoblastic lymphoma, are TdT negative
and those of B lineage commonly express
membrane immunoglobulin. The immuno-
phenotype of B-ALL and Burkitt's lymphoma
are the same; the cells express membrane im-
munoglobulin and are often, but not always,
TdT negative.
CLL and hairy cell leukaemia have highly

characteristic immunophenotypes339 which are
virtually diagnostic. Other LPDs do not have
such distinctive immunophenotypes but an as-
sessment of both cytology and immuno-
phenotype is often sufficient for a precise
diagnosis.339

CYTOGENETIC AND MOLECULAR GENETIC
ANALYSIS
Certain karyotypic abnormalities are so
strongly associated with specific lymphomas
that cytogenetic analysis can confirm a pro-
visional diagnosis. If there is no lymph node or
other tissue available, cytogenetic analysis can
be carried out on peripheral blood or bone
marrow cells. The diagnosis of Burkitt's lymph-
oma, follicular lymphoma and mantle cell
lymphoma can be confirmed in this manner.
One of three specific translocations, t(8;14)
(q24;q32), t(2;8) (p11 .2;q24) and t(8;22)
(q24;ql1), is found in almost all cases of B-
ALL and of Burkitt's lymphoma (endemic,
sporadic and AIDS associated). Two variant
translocations and t(14;18)(q32;q21) are
strongly associated with centroblastic/cen-
trocytic (follicular) lymphoma, but are also
found in some diffuse lymphomas when they
indicate a follicular centre cell origin. The t(1 1;
14)(q13;q32) is found in about 50% of cases
ofmantle cell lymphoma, in about 20% of cases
of splenic lymphoma with villous lymphocytes
and in a smaller proportion of cases of B-
prolymphocytic leukaemia. Among T lineage
lymphomas, inv(1 4) (ql 1 q32) is strongly as-
sociated with T-PLL although the association
is not totally specific. Demonstration of this
cytogenetic abnormality is particularly useful
in the diagnosis of the small cell variant of T-
PLL in which cytological diagnosis is some-
times difficult. Large cell anaplastic lymphoma
of T lineage is strongly associated with t(2;5)
(p23;q35); this association can be diag-
nostically useful when histology is not straight-
forward for example, when histiocytic pro-
liferation and haemophagocytosis are very
prominent.
The demonstration of a clonal karyotypic

abnormality can be important, even when the
abnormality found is not disease specific. In B
cell disorders the demonstration of light chain
restriction is a simpler method of dem-
onstrating clonality, but in T cell disorders
demonstrations of clonality rests on cytogenetic
or molecular genetic analysis. Demonstration
of a clonal cytogenetic abnormality gives strong
support for a diagnosis of a LPD. (An exception
is in ataxia telangiectasia in which an abnormal
clone is sometimes present without any obvious
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Routine and specialised techniques in the diagnosis of haematological neoplasms

signs of leukaemia or lymphoma.) Cytogenetic
analysis can be particularly useful in cases with
an excess of large granular lymphocytes as it
can be difficult to distinguish, on the basis of
clinical features and cytology, between reactive
and neoplastic conditions. In CD3 negative
cases without rearrangement of T cell receptor
genes, demonstration of a karyotypic ab-
normality can be the only way to show that a
proliferation is clonal and presumptively neo-
plastic.

Molecular genetic analysis can be used (i) to
demonstrate clonality and (ii) to identify dis-
ease specific rearrangements. In B cell disorders
clonality can be demonstrated by analysis of
immunoglobulin heavy and light chain genes,
while in T cell disorders analysis of T cell
receptor genes gives similar information. If
a condition is obviously neoplastic, de-
monstration of clonality is not necessary but it
is useful in equivocal cases. DNA analysis is
useful in T cell disorders and in B cell disorders
which fail to express surface membrane or
cytoplasmic immunoglobulin and which there-
fore cannot be studied for light chain re-
striction. Molecular genetic analysis can also
be an alternative to cytogenetic analysis and
can be used-for example, to demonstrate re-
arrangement of MYC and immunoglobulin
genes in the Burkitt's lymphoma related trans-
locations, rearrangement of bcl-2, as occurs
in t(l4; 18) (q32;q2 1) associated with follicular
lymphoma, and rearrangement of bcl- 1, as
occurs in t(1 1;14)(ql3;q32) associated with
mantle cell lymphoma.

Conclusions
Traditional techniques of cytology, cyto-
chemistry and histology used in the diagnosis
of haematological neoplasms are now com-
plemented by the techniques of immuno-
phenotyping and cytogenetic and genetic
analysis. Basic microscopy remains of vital
importance and should not be neglected.
Laboratories should also continue to perform
a limited range of basic cytochemical reactions.
More specialised tests are also often necessary
for optimal patient management but labora-
tories need to decide whether such tests should
be performed "in-house" or should be referred
to a specialist centre. Such decisions are likely
to be based on consideration of cost and on
the speed with which tests results can be ob-
tained from a specialist centre. This in turn is
determined by geography, by staff levels and
by the number of patients with suspected
haematological neoplasms seen in a year. In
making decisions based on cost-effectiveness
laboratory managers should not forget the need
to maintain the expertise and interest of tech-
nical and medical staffby providing continuing
education and intellectual stimulation.

Summary
The relative importance of traditional tech-
niques used in the diagnosis of haematological

neoplasms has altered during the past decade.
Cytology and histology retain their central role
but the importance of cytochemistry has de-
clined, except in the diagnosis of AML. Im-
munophenotyping is of major importance in
the diagnosis of ALL, some categories of AML
and the LPDs. Cytogenetic and molecular gen-
etic analysis are important in the diagnosis of
CML and are becoming increasingly important
in the diagnosis of chronic LPDs and other
haematological neoplasms. Diagnostic haem-
atology laboratories which are not specialist
leukaemia centres should have ready access to
all ofthese techniques to ensure optimal patient
management. However, not all techniques need
to be performed in every laboratory.
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