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The leukaemic phase of non-Hodgkin's
lymphoma

B J Bain, D Catovsky

Introduction
Non-Hodgkin's lymphomas differ from chronic
lymphoid leukaemias in that the major or prim-
ary site of disease is usually lymph nodes and
other lymphoid tissues rather than the peri-
pheral blood and bone marrow. However, it
has long been recognised that lymphomas, like
leukaemias, can have bone marrow infiltration
and neoplastic cells can circulate in the peri-
pheral blood. For this, the designation "lympho-
sarcoma cell leukaemia" was coined. When
there are circulating lymphoma cells, diagnostic
confusion with chronic lymphocytic leukaemia
(CLL) and other lymphoid leukaemias can
occur. Such cells may be present at diagnosis
or may appear with disease progression. The
likelihood of a leukaemic phase differs between
different histological categories of lymphoma.
If lymphoblastic and Burkitt's lymphomas are
excepted, it is much more common with low
grade than with high grade lymphomas.
The presence of circulating lymphoma cells

may be the feature which leads to a diagnosis of
non-Hodgkin's lymphoma. Although diagnosis
of this group of disorders is based pre-
dominantly on histological examination of tis-
sues, the cytology and immunophenotype can
suggest a specific diagnosis which in some cases
can be confirmed by cytogenetic or molecular
genetic analysis performed on the circulating
lymphoma cells. The detection of circulating
lymphoma cells may also have prognostic sig-
nificance, particularly in high grade lymph-
omas.
We shall discuss here the leukaemic phase

of different subtypes of lymphoma using the
disease classification and terminologies of the
Kiel classification of non-Hodgkin's lymph-
omal and the French-American-British (FAB)
classification of the chronic lymphoid leuk-
aemias.'
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B cell lineage lymphomas
LYMPHOCYTIC LYMPHOMA
The Kiel category of low grade B cell lineage
malignant lymphoma ofsmall lymphocytic type
includes CLL and lymphocytic lymphoma.
Differentiating between these two conditions
can be problematic, particularly for the his-
topathologist, as the lymph node biopsy speci-
mens are indistinguishable. Clinical features do
differ and it appears that these are two distinct

diseases, although closely related. Cases are
usually classified at CLL if there is peripheral
blood lymphocytosis at presentation and as
lymphocytic lymphoma if there is not. If these
diagnostic criteria are used then, by definition,
a case presenting in leukaemic phase is not
lymphocytic lymphoma.34 If, however, the
diagnosis is made on the basis of clinical fea-
tures and cytology, then some cases may be
recognised with leukaemic manifestations at
presentation.5 The majority of patients with
lymphocytic lymphoma never develop a leuk-
aemic phase but a minority do so during the
course of the disease, usually in the first few
years after diagnosis (table 1).3 The leukaemic
cells are cytologically very similar to those of
CLL. The immunophenotype is also similar
and trisomy 12 can occur in both conditions.
There is no apparent difference in prognosis
in those cases in which a leukaemic phase
develops.

SPLENIC LYMPHOMA WITH VILLOUS
LYMPHOCYTES
Splenic lymphoma with villous lymphocytes
(SLVL) is a haematologically distinctive con-
dition, the characteristic histological features of
which have recently been recognised.20 Variable
numbers of circulating lymphoma cells are
present in all recognised cases while the bone
marrow is infiltrated in the great majority of
cases. The lymphocyte count is usually only
moderately elevated. The neoplastic cells are
small mature lymphocytes with a variable
amount of cytoplasm and, in about half the
cases, a small nucleolus. Some have irregular
protrusions or "villi", often at one pole of the
cell. Others show plasmacytoid features. The
blood film in SLVL may be confused with that
of CLL but a distinction is readily made by
immunophenotyping (table 2).21 Cytogenetic
or molecular genetic (DNA) analysis can also
support a diagnosis of SLVL as the t(ll;
14) (ql3;q32) translocation and the con-
sequent juxtaposition of bcl-l and the im-
munoglobulin heavy chain gene, which are
common in mantle cell lymphoma, also occur
in about 20% of cases of SLVL. Translocations
with 2pll and 7q22 breakpoints are also com-
mon whereas trisomy 12 and 13q14 break-
points, which are common in CLL, are rare in
SLVL.22
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Table 1 Percentage of cases ofB cell lineage non-Hodgkin's lymphoma showing
peripheral blood and bone marrow involvement

Peripheral blood involvement

Bone marrow At any time during the
Type of lymphoma involvement At presentation course of the disease

Lymphocytic34 52 Nil Nil
SLVL >80 All All
Immunocytoma"8 63 4-61 6
Follicular'79-" 35 14 27
Mantle cell'2"18 59 26 Not known
Monocytoid B cell'9 38 Rare 3
Centroblastic7 16 2 3
Immunoblastic7 28 Rare Rare

LYMPHOPLASMACYTIC/LYMPHOPLASMACYTOID
LYMPHOMA (IMMUNOCYTOMA)
Lymphoplasmacytic and lymphoplasmacytoid
lymphomas are lymphomas of small lympho-
cytes showing differentiation to plasma cells
and to plasmacytoid lymphocytes, respectively.
The term immunocytoma includes both sub-
types. The frequency with which circulating
lymphoma cells are recognised is higher in
lymphoplasmacytoid than in lymphoplasma-
cytic lymphoma but varies greatly between re-
ported series (table 1).i The bone marrow is
more frequently involved than the peripheral
blood. Neoplastic cells vary from mature small
lymphocytes, similar to those of CLL, to
plasmacytoid lymphocytes and, in some cases,

mature plasma cells. Cells sometimes contain
globular inclusions or crystals. High counts are
not common. The differential diagnosis is with
CLL and with SLVL. Immunocytoma is dis-
tinguished from SLVL on the basis of cyto-
logical features. Lymphoplasmacytic lymph-
oma is distinguished from CLL on the basis of
cytology and immunophenotype. Its im-
munophenotype is similar to that of other non-
Hodgkin's lymphomas and there may also be
expression of some antigens typical of plasma
cells such as CD38, CD25 and CD713 How-
ever, some cases described as lympho-
plasmacytoid lymphoma differ little from
CLL in either cytological features or im-
munophenotype; they may express CD5 and
have trisomy 12. The distinction is made on

the basis of cytology, by recognition of the
subtle plasmacytoid features. No cytogenetic
abnormalities sufficiently characteristic to con-

firm a diagnosis of immunocytoma have been
identified as yet.

CENTROBLASTIC/CENTROCYTIC (FOLLICULAR)
LYMPHOMA
In the great majority of cases of centroblastic/
centrocytic lymphoma the growth pattern is

Table 2 Immunophenotype ofB-CLL and ofB cell lymphomas in leukaemic phase

Immunophenotype CrL SLVL FL MCL LCL

SmIg Weak Strong Strong Strong Strong
CD5 ++ -/+ 1/+ +
CD23 + + + + -/+
FMC7 + + + + + +
mCD22 - + + + + +
CD10 -/+ + + -/+ -/+

>75% of cases positive, + +; 25-75% of cases positive; +; 10-25% of cases positive, -+
<10% of cases positive, -; FL, follicular lymphoma; MCL, mantle cell lymphoma; LCL, large
cell lymphoma.

follicular so that the Kiel category of cen-
troblastic/centrocytic lymphoma is largely
synonymous with follicular lymphoma. A
significant minority of cases have circulating
lymphoma cells at diagnosis and others develop
a leukaemic phase during the course of the
illness (table 1) 57910 Bone marrow infiltration
is present in a larger number.71' The lymphocyte
count varies from moderately elevated to very
high levels. Circulating neoplastic lymphocytes
can also be recognised in some patients without
lymphocytosis, perhaps as many again as those
who have circulating lymphoma cells with
lymphocytosis.9 Cytological features vary. In
many cases the lymphocytes are very small, con-
spicuously smaller than CLL cells. They have
scanty weakly basophilic cytoplasm, a homo-
geneous chromatin pattern, notched or cleft
nuclei, and an angular rather than rounded
cellular outline. These cytological features are
particularly characteristic of cases with a very
high lymphocyte count.23 In other cases cells are
larger and somewhat pleomorphic with some
having small but obvious nucleoli or deep nuc-
lear clefts with parallel edges. Presentation in
leukaemic phase has not generally been found
to be of prognostic significance.57"" However,
heavy bone marrow infiltration correlates with
a shorter survival24 and cases presenting with a
high white cell count (greater than 50 x 1 0/I1)
also generally have widespread disease and
tend to have a short survival. In a small subset
of cases in which cells appear more blastic,
both on histological sections and in the blood,
the development of a leukaemic phase has been
indicative of short survival.5 The presence of
circulating large lymphoma cells in a patient
with follicular lymphoma is indicative of trans-
formation and of a poor prognosis.
The differential diagnosis of the leukaemic

phase of follicular lymphoma is with CLL, from
which a distinction can be made on the basis
of cytology and immunophenotype (table 2),
and with mantle cell lymphoma (see later). A
provisional diagnosis of follicular lymphoma
can be confirmed by cytogenetic or DNA anal-
ysis as at least 80% of cases show a char-
acteristic translocation, t(14;18) (q32;q2 1),
with the consequent juxtaposition of bcl-2 and
the immunoglobulin heavy chain gene. In ad-
dition, DNA analysis reveals that there are
small numbers of circulating cells with this
translocation in most patients with follicular
lymphoma, even when no cytologically ab-
normal cells can be detected in the peripheral
blood, and in apparently early stage disease.25

MANTLE CELL LYMPHOMA
Mantle cell lymphoma is now the preferred
designation for the subtype of lymphoma clas-
sified by the Kiel group as diffuse centrocytic
lymphoma' and by others as malignant lymph-
oma of intermediate differentiation.26 Bone
marrow and peripheral blood involvement are
common (table 1).s21- The condition has been
confused with CLL when a lymph node biopsy
has not been performed27 but in our experience
cases differ cytologically as well as im-
munophenotypically.2" Lymphoma cells are lar-
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ger and more pleomorphic than those of CLL.
They vary from small to medium in size with
a variable amount of cytoplasm. Some cases
have medium sized and large cells. The chro-
matin pattern varies from condensed to diffuse
with some cells having nucleoli which may be
prominent. Nuclei vary in shape from round to
angular, irregular or deeply clefted. Confusion
with follicular lymphoma can occur but in
general the cells of mantle cell lymphoma are
larger and more pleomorphic. The immuno-
phenotype permits a ready distinction from
CLL but not so readily from follicular lymph-
oma (table 2). However, mantle cell lymphoma
is more likely than follicular lymphoma to be
CD5 positive and less likely to be CD 10 posit-
ive (table 2). Cytogenetic and DNA analysis
can confirm a provisional diagnosis as the t(l 1;
14)(ql3;q32) translocation is present in more
than 50% of cases.
Most patients with mantle cell lymphoma

have advanced stage disease at presentation and
in general neither bone marrow nor peripheral
blood involvement has been found to be of
prognostic significance. However, in those
patients with a mantle zone pattern of in-
filtration, in whom the overall prognosis is
better, a significant difference in survival has
been found between those with and without a
leukaemic phase.'7

MONOCYTOID B CELL LYMPHOMA
Monocytoid B cell lymphoma is a recently
recognised clinicopathological entity which is
not specifically identified in the Kiel clas-
sification. Bone marrow infiltration is un-
common and a leukaemic phase is rare (table
1). Cytological features of circulating lymph-
oma cells have varied between cases from mod-
erately sized cells with round to reniform nuclei
and abundant weakly basophilic cytoplasm to
relatively homogeneous small cells with nuclear
notches, grooves and creases, and scanty cy-
toplasm.2'30 Some cases show plasmacytoid
differentiation.28 The differential diagnosis of
monocytoid B cell lymphoma includes mantle
cell lymphoma. Immunophenotype may be of
use in diagnosis as in most cases cells are
negative for CD5 and CD 10 but express
CD11c. No characteristic cytogenetic ab-
normality has been identified in this lymphoma.
Peripheral blood and bone marrow in-
volvement have been associated with a poor
prognosis.30

MALT LYMPHOMA
The mucosa associated lymphoid tissue
(MALT) lymphoma is another recently iden-
tified entity. Its natural history is to remain
localised to the gut or other mucosal tissues
for long periods of time. Bone marrow in-
filtration has been found in only 1 to 2% of
cases and peripheral blood involvement is rare.
In one case described in detail" the cells were
small to medium in size with round, oval or
somewhat reniform nuclei and relatively
abundant cytoplasm. There were also cir-
culating plasmacytoid lymphocytes and mature

plasma cells. It is obviously unlikely that this
rare leukaemic presentation of MALT lymph-
oma would be recognised from the peripheral
blood features. Mantle cell lymphoma and
monocytoid B cell lymphoma would appear to
be the lymphomas with which it is most likely
to be confused. A poor prognosis would be
expected in patients with bone marrow or peri-
pheral blood involvement.

B CELL LINEAGE LARGE CELL LYMPHOMAS
Peripheral blood involvement by large cell
lymphomas is uncommon. Centroblastic
lymphoma, either occurring de novo or as a
transformation of follicular lymphoma, may
have a leukaemic phase but this is unusual
(table 1). A leukaemic phase of immunoblastic
lymphoma appears to be even less common
and we have not observed leukaemia in ana-
plastic large cell lymphoma. It is not possible
to make a reliable distinction between large cell
lymphomas of different histological types on
the basis of peripheral blood cytology"2 nor
even to distinguish B cell lineage from T cell
lineage lymphomas. In all cases the cells are
large and pleomorphic, usually with abundant
moderately basophilic cytoplasm and prom-
inent nucleoli. In some cases cells show a cy-
tological resemblance to monoblasts so that
acute monoblastic leukaemia enters into the
differential diagnosis. A leukaemic phase is
associated with a poor prognosis.

BURKIPTT'S LYMPHOMA
Burkitt's lymphoma and the L3 subtype of
acute lymphoblastic leukaemia" can be re-
garded as variants of a single disease. The
neoplastic cells are distinctive medium sized
blasts with strongly basophilic vacuolated cy-
toplasm. In endemic Burkitt's lymphoma a
leukaemic phase occurs as a late event and is
associated with a poor prognosis. A leukaemic
presentation is more common in non-endemic
Burkitt's lymphoma, in which it is compatible
with cure of the disease as long as appropriate
intensive chemotherapy is given. In AIDS re-
lated Burkitt's lymphoma bone marrow and
peripheral blood involvement are common and
are associated with a dismal prognosis.

LYMPHOBLASTIC LYMPHOMA
Only a minority of lymphoblastic lymphomas
are of B cell lineage. If a leukaemic phase
occurs, it is indistinguishable from Li or L2
subtypes of B cell lineage acute lymphoblastic
leukaemia (ALL).

T cell lineage lymphomas
SMALL CEREBRIFORM CELL LYMPHOMA/
CUTANEOUS T CELL LYMPHOMA
Cutaneous T cell lymphomas present clinically
as either mycosis fungoides or Sezary's syn-
drome. Circulating neoplastic cells, together
with erythroderma consequent on cutaneous
infiltration, are essential for the diagnosis of
Sezary's syndrome. Sezary cells may be in-
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frequent or very numerous. Cells may all be
small or there may be a mixture of small and
large cells. Cells have a highly infolded, com-
plex nuclear form usually described as cer-
ebriform or convoluted. The nucleus is often
hyperchromatic. Cytoplasm is weakly to mod-
erately basophilic and may be vacuolated.
Lymphocyte nuclei can become cerebriform
following cellular activation34 and small Sezary
cells can thus be difficult to distinguish from
reactive lymphocytes. Up to 15% of such cells
have been observed in patients with non-neo-
plastic skin conditions and occasional similar
cells can be found in healthy individuals. Large
Sezary cells are more obviously neoplastic. If
circulating neoplastic cells are present in my-
cosis fungoides they have the same cytological
features as Sezary cells. Cytogenetic analysis
and demonstration of aneuploidy by flow cyto-
metric quantification of DNA are useful for
detecting peripheral blood involvement in cu-
taneous T cell lymphomas. Ultrastructural ex-
amination can also be useful ifthe characteristic
nuclear form cannot be identified by light
microscopy. Overall, circulating neoplastic cells
have been found in 18% of cutaneous lymph-
omas at presentation and in another 43% dur-
ing the course of the disease."4 Detection of
Sezary cells has sometimes permitted a diag-
nosis of Sezary's syndrome when skin biopsies
have been non-specific."4 Occasional patients
present with a Sezary cell leukaemia without
cutaneous manifestations, although skin in-
filtration may develop as a late event.

In mycosis fungoides circulating lymphoma
cells are uncommon; the likelihood of leuk-
aemia is related to the extent of cutaneous
disease, being greater when there are gen-
eralised rather than limited plaques and greater
still when there is tumour formation.'5 In cu-
taneous T cell lymphomas the presence of
small Sezary cells in the peripheral blood is not
necessarily of prognostic significance but the
presence of absolute lymphocytosis,35 of more
than 20% of Sezary cells35 or of a high per-
centage or increased absolute count of large
Sezary cells, is indicative of a poor
prognosis.'435

PERIPHERAL T CELL LYMPHOMAS
The Kiel classification includes a number of
lymphomas of mature peripheral T cells and
although they often infiltrate the bone marrow
to a greater or lesser extent there is rarely
leukaemia. When circulating neoplastic cells
are present they do not have any distinctive
features which permit their distinction from
each other or indeed from B cell lymphomas.
The only exception is adult T cell leukaemia/
lymphoma (see later). Some peripheral T cell
lymphomas have predominantly small cells
(lymphoepithelioid (Lennert's) lymphoma, an-
gioimmunoblastic lymphoma, T zone lymph-
oma and pleomorphic small cell lymphoma).
When they have a leukaemic phase the cells
tend to be small to medium in size and mod-
erately pleomorphic. Other peripheral T cell
lymphomas have predominantly large cells
(pleomorphic medium and large cell lymph-

oma, immunoblastic large cell lymphoma and
anaplastic large cell lymphoma). Any leukaemic
cells are large and pleomorphic with moderately
abundant, often strongly basophilic cytoplasm
and prominent nucleoli. Immunophenotyping
permits the diagnosis of a T cell lymphoma,
although the phenotype is often aberrant with
failure to express some of the antigens which
are normally expressed on mature T cells."

ADULT T CELL LEUKAEMIA/LYMPHOMA
About 80% of cases of adult T cell leukaemia/
lymphoma associated with the human T cell
lymphotrophic virus I (HTVL-I) present with
leukaemia. The diagnosis is usually readily
made from the cytological features. Cells are
very pleomorphic with a mixture of small, me-
dium and large cells. Many of the nuclei are
lobulated, with some having multiple lobes so
the nuclear shape resembles a flower. A mi-
nority of cells have convoluted nuclei and thus
resemble Sezary cells. The chromatin pattern
varies from cell to cell. Some cells may have
hyperchromatic nuclei while others have a
diffuse chromatin pattern and resemble blasts.
Some cells are nucleolated.
The differential diagnosis is with other types

of peripheral T cell lymphoma and with Se-
zary's syndrome. Immunophenotyping is useful
for diagnosis as most cases are CD25 positive.
The presence of hypercalcaemia provides use-
ful indirect evidence supporting the diagnosis
as it is commonly present in adult T cell leuk-
aemia/lymphoma but not in otherT cell lymph-
omas. Positive serology for HTLV-I can provide
confirmation of the diagnosis in a patient with
typical cytological features, although it should
not be forgotten that patients who are sero-
positive will occasionally develop unrelated
lymphomas or leukaemias.

T LYMPHOBLASTIC LYMPHOMA
Lymphoblastic lymphoma is more often of T
cell lineage than of B cell lineage. When a
leukaemic phase occurs the cytological features
are identical to those of T cell lineage ALL.
The immunophenotype of the two diseases
is very similar so that individual cases of T
lymphoblastic lymphoma cannot be dis-
tinguished from T-ALL on this basis. The dis-
tinction is made on the percentage of bone
marrow lymphoblasts at presentation, cases
with more than 25 to 30% blasts being classified
as T-ALL. The expression of terminal nuc-
leotidyl transferase in T lymphoblastic lymph-
oma is of use when distinguishing it from other
T cell lineage non-Hodgkin's lymphomas.

Conclusion
A leukaemic phase is common in non-Hodg-
kin's lymphoma, particularly in low grade
lymphomas. Careful cytological and im-
munological assessment of circulating lymph-
oma cells can permit a provisional diagnosis.
Peripheral blood lymphoma cells can also be
studied by cytogenetic andDNA analysis which
can contribute to a precise diagnosis even in
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cases where there is no tissue available for a

histological diagnosis. In some, but not all,
subtypes of lymphoma the occurrence of a

leukaemic phase is also of prognostic sig-
nificance.
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