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Bone marrow infiltrates taken from 11 patients with peripheral T cell lymphoma were
immunophenotyped as T cell lymphoma using monoclonal antibodies on frozen bone marrow
trephine biopsy specimens. In nine these were taken at diagnosis and in two after failure of treatment
to eradicate lymphoma in the marrow. Patterns of infiltration were as follows: diffuse (n = 4),
interstitial (n = 1), nodular (n = 1), focal (n = 5). All cases were CD3 positive and 10 were CD2
positive; five lacked expression ofeither CD5 or CD7, or both markers. In nine the determination of T
cell phenotype depended on analysis of the frozen bone marrow trephine biopsy specimen as there
was no other biopsy tissue available for study. In the other two cases there was agreement between the
immunophenotypes seen in lymph node and bone marrow infiltrates.

SUMMARY

Peripheral T cell lymphoma comprises a group of
malignancies with diverse histology, often with an
admixture of cell types.'4 Presentation is often with
extranodal disease,2-5 and the interpretation of extranodal tissue is often more complex than that of lymph
node biopsy specimens in lymphoma. Further diagnostic difficulties arise as extranodal biopsy specimens
are frequently fixed in formalin and so are not usually
suitable for immunohistological analysis using panels
of T cell antibodies reactive with frozen sections or
cells in suspension. Investigation of frozen tissue using
monoclonal antibodies often shows heterogeneous
phenotypes346 with the neoplastic cells lacking one or
more of the pan T cell antigens.57
In several studies bone marrow infiltration has been
a common finding in peripheral T cell lymphoma.89
Bone marrow morphology usually resembles that seen
in other infiltrated tissues,9 in contrast to B cell
lymphomas where the histological appearance of the
lymphoma in the marrow is frequently different from
that seen elsewhere.'" T cell lymphoma in the marrow
may be associated with red cell aplasia" 2 or the
myelodysplastic syndrome,'3 14 and the histological
appearances of the marrow in such cases can be
confusing. For example, Auger et al described three
cases of T cell lymphoma, one with the marrow
appearances of refractory anaemia with an excess of
myeloblasts, and two with hypercellular marrow treAccepted for publication 16 November 1988
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phine biopsy specimens which contained increased
numbers of either atypical megakaryocytes or megakaryoblasts, a "left shifted" myeloid series, and either
"left shifted" or dysplastic erythroid cell lines, suggestive of a myeloproliferative disorder.'3 In all three
cases the characteristic pattern of marrow infiltration
by mature post-thymic T cells became evident at a later
stage in the disease.
Primary presentation with bone marrow infiltration
may occur in T cell lymphoma in the absence ofdisease
elsewhere.83 Usually, a bone marrow biopsy specimen
from a patient with asymptomatic peripheral blood
cytopenia is the first evidence of disease. In this study
seven of 11 patients presented with peripheral blood
cytopenias, lymphomatous infiltration of the marrow,
and an absence of disease at other sites that could be
biopsied. Immunophenotypic analysis of frozen
marrow trephine material was essential to diagnose T
cell lymphoma. The remaining four patients presented
with lymphadenopathy and node biopsy specimens
confirmed a diagnosis of non-Hodgkin's lymphoma.
Material and methods

This report of 11 cases is drawn from a larger study of
80 patients with non-Hodgkin's lymphoma. Both
conventional histological assessment and immunophenotypic analysis of frozen marrow trephine biopsy
specimens are carried out routinely for staging. The 11
cases studied had T cell infiltration confirmed by
immunophenotyping their marrow trephine biopsy
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Table

I

Clinical data andpathological classification ofperipheral Tcell lymphoma

Case Agel
No Sex
I

Mode of
presentation

Presenting clinical and
laboratory findings

Clinical Treatment and
stage
outcome

26/M Pancytopenia, B

Confusion, oral candida,
IVB
hepatosplenomegaly,
headaches and
retroperitoneal
vomiting
lymphadenopathy,
cerebrospinal fluid,
lymphocytosis
63/F Pancytopenia, B Generalised herpes zoster, IVB
symptoms,
hepatosplenomegaly,
drowsiness and
retroperitoneal
vomiting
lymphadenopathy,
hypogammaglobulinaemia
68/M Pancytopenia, B Itching, splenic pain,
IVB
symptoms
hepatosplenomegaly,
retroperitoneal
lymphadenopathy,
hypogammaglobulinaemia
47/F Pancytopenia,
Hb 3-9 g/dl, widened
IVB
generalised
mediastinum, retroperitoneal
lymphadenopathy, lymphadenopathy, direct
B symptoms,
Coomb's test positive,
jaundice, pleural hypogammaglobulinaemia
symptoms,

2

3

4

White, Smith, Whitehouse, Smith
Diagnostic Histopathological
tissue
classification

Combination chemotherapy, Bone
partial response; weight loss, marrow
diarrhoea, pneumocystis; died
at 1-8 m of lymphomat

Malignant lymphoma;
pleomorphic medium
aind small cell

Intravenous acyclovir; died at Bone
11 m of lymphoma
marrow

Malignant lymphoma;
pleomorphic large,
medium, and small cell

Combination chemotherapy, Bone
partial response; alive at 40 marrow
m. Frozen trephine biopsy
specimen taken after

Malignant lymphoma,
pleomorphic large,
medium and small cell

treatment

Combination chemotherapy, Bone
partial response; died at 6 m marrow
of lymphoma
lymph
node*

Malignant lymphoma,
monomorphic medium

Combination chemotherapy, Bone
partial response; diarrhoea, marrow
pneumonia; died at 1-8 m of lymph
lymphoma
node*
Combination chemotherapy, Lymph
partial response; herpes zosternode
and weight loss; alive at 11 m

T zone lymphoma

Radiotherapy to tonsil and Lymph
spine; combination
node
chemotherapy, no response;
died at 2 5 m of lymphomat
Combination chemotherapy, Bone
partial response; died at 2-6 m marrow
of lymphoma

Malignant lymphoma
monomorphic large cell

Combination chemotherapy Bone
partial response; died at 10 m marrow
of lymphoma

Malignant lymphoma
pleomorphic large cell

Combination chemotherapy, Bone
partial response, alive at 13 m marrow
lymph
node*

T zone lymphoma

Combination chemotherapy Bone
partial response, alive at 20 marrow
m. Frozen trephine biopsy
specimen taken after

Malignant lymphoma
monomorphic small cell

sized cell

effusion

Lymphadenopathy Hepatosplenomegaly,
(previous episode retroperitoneal
resolved
lymphadenopathy
spontaneously)

5

68/M

6

62/M Lymphadenopathy, Thrombocytopenia,
IVB
B symptoms,
hepatomegaly,
epigastric swelling retroperitoneal
lymphadenopathy, bone
marrow infiltrated
71/M Enlarged tonsil,
Hepatomegaly, pleural
IVA
generalised
effusion, ascites, bone scan
lymphadenopathy, positive; bone marrow
back pain
infiltrated
62/M Headache, ataxia, Splenomegaly,
IVA
thrombocytopenia papilloedema; cranial
computed tomography scan
showed multiple
periventricular abnormalities
44/F Anaemia, transient Severe rheumatoid arthritis IVB
in past; lymph node biopsy
generalised
lymphadenopathy, 12/12 previously reactive,
B symptoms
hepatosplenomegaly,

7

8

9

IVA

Lennert's lymphoma

Malignant lymphoma

monomorphic small cell

hypogammaglobulinaemia

10

70/F

Pancytopenia, B
symptoms

II

69/M Anaemia,
leucopenia

Intermittent
IVB
lymphadenopathy, previous
lymph node biopsy reactive;
lymphadenopathy developed
after diagnosis obtained
from bone marrow biopsy,
huge spleen
Splenomegaly, bone marrow IVA
trephine showed pronounced
erythroid hypoplasia

treatment

*No frozen tissue preserved from lymph node.

tTime interval from diagnosis to death (months).

specimens. Details of these 11 cases are outlined in described previously.'5
table 1.
Marrow was aspirated from the posterior iliac crest
and smears were prepared routinely for staining with
May-Grunwald-Giemsa. In addition, 1-2 ml of
aspirate were taken into medium containing heparin
for preparation of mononuclear cell suspensions, as

Marrow trephine biopsy specimens were taken
using an 8 G Islam needle after removal of aspirate
from the posterior iliac crest and the biopsy specimen
was immediately divided in half using a razor blade.
The outer half containing any cortical bone was put
into formalin for conventional processing and staining
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Table 2 Immunophenotypes of T cell infiltrates
Bone marrow infiltrate

Case

CD number

No

1

2

3

4

5

7

8

16

25

38

45

I
2

-

+
+
+

+
+
+

-

-

-

+
ND -

+
+

-

-

-

+
+

+
+

3t

4

+

+

+

+
+
+

-

+

+

5

-

+

+

ND ND +

6

-

+

+

+

-

+
+
+
+

+
+
+

+

ND +
+
ND +
ND -

+
+

+
+

+
+

+

lIt
ND= Not done

+

+

+

7

8
9
10

*-

+. +

+

+

-

+
+

45R 79

Class
11

Ki-67
index

Pathological
lymph node

-

16
0
5
18

No lymph node biopsy
No lymph node biopsy
No lymph node biopsy
Paraffin wax embedded
lymph node only
Nolymphnodebiopsy

+
-

-

+
+

+
+

+

+
-

-

+

-

-

+

ND

-

+

+

+

+

0

ND
+
ND
-

ND ND ND
+
+
ND ND ND
+
ND -

+

42

+

+

-

+

+

-

+
+

-

-

-

<I
62

ND ND +

+

-

+

+

ND
-

ND +
ND +
+
+
-

tFrozen trephine biopsy specimen taken after treatment.

-

-

<1

51

*Frozen lymph node biopsy
*Frozen lymph node biopsy
Nolymphnodebiopsy
No lymph node biopsy
Paraffin wax embedded
lymph node biopsy
subsequent to bone marrow
biopsy
Nolymphnodebiopsy
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with haematoxylin and eosin, Giemsa, periodic acid microscopical analysis.
Infiltrates were assessed using a light microscope.
Schiff and reticulin. The inner half was immersed in
Histocon (Polysciences) kept at 4°C for four to 12 Mouse anti-guinea pig immunoglobulin was used as a
hours and stored frozen at - 70°C before sectioning. negative control for each trephine specimen to detect
Inside the cryostat (cabinet temperature - 35°C) the any background or non-specific staining. Three counts
frozen trephine biopsy specimen was mounted in OCT of 100 cells each were made in three representative
compound and orientated so that the long axis was areas of the infiltrate, and the percentage of positive
perpendicular to the knife edge. Sections (5 pm) were cells calculated. The designation of the cases as T cell
picked up on slides coated with 0-01% poly-L-lysine. lymphomas relied on neoplastic infiltrates in bone
The disposable blades were adjusted frequently to give marrow or lymph node being positive for one or more
T cell markers (CD2, CD3, CD4, CD8) and negative
a fresh cutting edge. Sections were left at room
temperature overnight, fixed for 10 minutes in dry for the pan B cell marker CD37 and surface immunoacetone, and after air drying for 10 minutes the slides globulin. Individual monoclonal antibodies were
judged positive if over 30% of the cells in an infiltrate
were immersed in Tris buffered saline (TBS), pH 7-6, in
preparation for staining using the alkaline phos- were clearly positive. In case 8, however, the marrow
phatase anti-alkaline phosphatase (APAAP) method contained an interstitial infiltrate of small lymphoid
cells which formed 40% of the total nucleated cell
described by Cordell et al.'6
The method entailed incubation with the primary population, therefore monoclonal antibodies were
monoclonal antibody, followed by goat anti-mouse Ig regarded as positive if > 12% of the lymphoid cells
(GAM) and monoclonal APAAP complexes. Each stained positive.
incubation step lasted 30 minutes and was followed by
washing in TBS. By repeating incubations with GAM Results
and APAAP complexes (for 10 minutes each), the
intensity of staining was enhanced, although care was Salient clinical features of the cases are summarised in
taken not to dislodge the fragile sections during the table 1. Seven presented with B symptoms, such as
multiple washing procedures. -Finally, the alkaline weight loss, fever, and night sweats. Two patients had
phosphatase reaction was developed with a fast red, experienced previous intermittent lymphadenopathy
napthol-AS-BI, dimethyl formamide substrate which, when biopsied, showed only reactive changes.
buffered with veronal acetate (pH9-2), containing One ofthe 11 patients had been treated for rheumatoid
levamisole to block any endogenous alkaline arthritis. All 11 patients had lymphomatous infiltraphosphatase activity. After incubation with substrate tion of marrow seen on the bone marrow trephine
for 15 minutes slides were counterstained with biopsy specimen at diagnosis.
Five patients presented with pancytopenia, four
haematoxylin for 20 seconds and mounted in
phosphate buffered saline (PBS) and glycerol for others had a less pronounced peripheral blood
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biopsy specimens. Previous studies have reported a
variable incidence of bone marrow disease in
peripheral T cell lymphoma89-up to 80% in some
studies of bilateral marrow trephine biopsy
specimens.8 One study by Foucar et al of a series of 176
cases of non-Hodgkin's lymphoma showed that 51%
of B cell lymphomas and 65% of T cell lymphomas
had marrow infiltration.'" As observed in previous
studies we found an absence of paratrabecular infiltrates in these cases of peripheral T cell lymphoma.9
Due to the high incidence of bone marrow infiltration
in peripheral T cell lymphoma reported in some
studies the immunological analysis of frozen bone
marrow trephine biopsy specimens is potentially a
very useful technique. This was the case in this group
of 11 cases where only five patients presented with
peripheral lymphadenopathy (in one case lymphadenopathy developed after analysis of the frozen bone
marrow trephine biopsy specimen had already established the diagnosis). In only two of five lymph node
biopsy specimens was fresh tissue taken for analysis. A
particular problem in diagnosis arose in the two cases
presenting with central nervous system disease.
Examination of cerebrospinal fluid was not diagnostic
and brain biopsy was contraindicated due to
thrombocytopenia. In both these cases investigation
of the frozen bone marrow trephine biopsy specimen
led to the diagnosis of peripheral T cell lymphoma.
Such cases may previously have gone undiagnosed as
peripheral T cell lymphoma because the diagnosis
often relies on the pattern of infiltration of lymph node
plus immunophenotype (for example, T zone
lymphoma). The appearances of peripheral T cell
lymphoma in the marrow are not pathognomonic8 and
not so easily recognisable as those seen in the lymph
node. We also found that the immunological analyses
of bone marrow aspirates are usually non-diagnostic.
Cases of non-Hodgkin's lymphoma have previously
been investigated using frozen marrow trephine
biopsy specimens. In 1983 Chilosi et al described 38
patients with B cell non-Hodgkin's lymphoma20 and in
1984 Falini et al described three cases of B-nonHodgkin's lymphoma and three cases with T cell
proliferations in the marrow.2' In 1985 Kronland et al
described frozen section analysis of two cases of
peripheral T cell lymphoma affecting the marrow;
both were CD4 amd HLA class II positive.22
The diagnosis of T cell lymphoma in the marrow is
as problematic as the diagnosis of peripheral T cell
lymphoma in other tissues-that is, there is no marker
of monoclonality (light chain restriction) as there is in
B cell lymphoma. Both T and B cell lymphoma are
Discussion
often infiltrated by large numbers of reactive or
All 11 cases of peripheral T cell lymphoma "masking" T cells,' 24 therefore careful evaluation of
investigated in this study had lymphomatous infiltra- the larger, more neoplastic cells for T and B cell
tion seen in conventionally processed marrow trephine markers is very important.23
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cytopenia. Five patients presented with peripheral
lymphadenopathy, three others had retroperitoneal
lymphadenopathy seen on ultrasound or computed
tomography scan, and the remaining three had
splenomegaly without lymphadenopathy. Of the nine
patients tested for serum immunoglobulins, six had
decreased IgG and four of them also had low IgA and
IgM. No patient had hypergammaglobulinaemia. In
four of 10 patients dyserythropoiesis was seen in the
marrow aspirate, two had a pronounced lack of
erythroid activity, and one patient (direct Coomb's
test positive) had erythroid hyperplasia. Ten patients
received varying forms ofcombination chemotherapy.
Of these, one patient failed to respond and nine had
only a partial response.
Seven patients died, all of them of lymphoma. The
median survival was six months and four patients were
alive in partial remission at 13, 18, 20 and 40 months.
In none of these four patients has lymphoma been
eradicated from the marrow.
Immunophenotypic analysis of infiltrates in frozen
bone marrow trephine biopsy specimens (table 2)
showed that all cases were positive for CD3 and nine of
11 were positive for CD2. Only one was positive for
CD I, a marker of immature T cells. Four cases had
lost positivity for CD7, and two were also negative for
CD5. Eight of nine cases were positive for CD4 and
there were no cases positive for CD8.
Seven of 1 were HLA class II positive and three
were positive for WR16, a CD45 restricted monoclonal antibodies which marks a subset of CD4
positive cells that act as functional supressors.'7
Staining using UCHLI'8 was weak and diffuse and
therefore regarded as artefactual. Four of nine were
positive for CD25, a marker for the IL-2 receptor.
Only three of 11 were positive for CD38 (T10), an
activation marker. There was variable positivity for
Ki-67, a monoclonal antibody that is a marker of
proliferation.'9 ranging from 0-62%. The percentage
positivity with the Ki-67 index was calculated by
counting 100 cells in each of the three most heavily
positive areas in the infiltrate, as these areas tended to
occur as isolated nodules of proliferation within an
infiltrated area. All T cell lymphomas with a Ki-67
index of > 10% were positive for OKT9, a marker for
the transferrin receptor.
In only two cases was frozen lymph node biopsy
material available for immunophenotyping, and in
these cases lymph node and marrow immunophenotypes were the same.
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The immunological findings of this study have entering the cycle are unstained. High percentage
confirmed previous observations in peripheral T cell positivity with Ki-67 correlates well with high grade
lymphoma." Most cases (eight of nine) were CD4 histology in B cell lymphoma" and is of prognostic
positive, reflecting a helper phenotype, and three of value in non-Hodgkin's lymphoma.2" No studies as yet
these eight cases were positive for WR 16, a marker for have used this marker to assess T cell lymphoma in
a subset of CD4 positive cells which act as functional lymph node or marrow. Ki-67 positivity may be useful
suppressors. None of the 11 cases showed positivity in choosing treatment strategies for T cell lymphomas
for CD8-that is, did not mark as a suppressor/ where the morphological classification into low and
cytotoxic population. These results agree with high grade tumours is not so clear. In cases where a
previous observations that most cases of peripheral T marrow biopsy specimen is the sole source of diseased
cell lymphoma have a helper phenotype524 with the tissue in peripheral T cell lymphoma Ki-67 may be
exception of those of Jack and Lee in 1986.2 Recent useful in assessing the aggressiveness of the tumour.
work has indicated that T cell malignancies with a
helper (CD4 positive) phenotype respond to treatment This work was supported by a grant from the
with deoxycoformycin,25 whereas other phenotypes do Leukaemia Research Fund, London.
not. Therefore detailed immunophenotyping could be
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