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Flow Cytometric Analysis of Cytologic
Specimens in Hematologic Disease
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Cytologic evaluation of body fluids and
fine needle aspirations (FNA) is frequently
required in patients with hematologic dis-
eases. In this study we have correlated
immunophenotyping and DNA analysis by
flow cytometry with cytologic findings and
tissue biopsies from 20 patients with body
fluid specimens and 5 with FNA. Nineteen
of 25 cases, including all FNA cases, had
an immunophenotype consistent with ma-
lignancy: 12 monoclonal B-cell lympho-
mas, 2 T-cell ymphomas, 2 T-ALL and 3
non-T-ALL. By cytologic examination, 14 of
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these 19 cases were positive for malignant
cells, 2 suspicious and 3 negative; the lat-
ter 5 cases, including 2 FNA cases, had
small monoclonal B-cell populations de-
tected by flow cytometry. Six cases had a
benign immunophenotype; cytologic ex-
amination was benign in 4 of these and
suspicious for lymphoma in 2. Our results
show the feasibility of using flow cytometry
to evaluate body fluids or FNA and dem-
onstrate that small malignant populations
that may be missed by routine cytology
can be detected by flow cytometry.
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INTRODUCTION

The cytologic evaluation of body fluids, including cere-
brospinal (CSF), pleural, and ascitic fluids from patients
with leukemia or lymphoma, is frequently required to assess
the spread or stage of disease (1). Fine needle aspiration
(FNA) of lymph nodes is also becoming a frequent diagnos-
tic procedure in the evaluation of patients suspected of hav-
ing a possible lymphoproliferative disorder (2). In most
instances, cytologic evaluation for malignant cells in Wright-
and/or Papanicolaou-stained smears or cytocentrifuge prep-
arations is sufficient.

However, not all cytology specimens of suspected lym-
phoreticular neoplasms can be diagnosed with certainty, es-
pecially if the cells lack characteristic morphologic features
of malignancy. For example, differentiation of benign lym-
phocytes from cells of acute lymphoblastic leukemia of the
FAB-L1 type in the CSF may not be possible (1). Similarly,
the distinction of small cell lymphomas, small cleaved cell
lymphomas, or peripheral T-cell lymphomas from normal
lymphocytes in CSF or pleural fluid can be extremely diffi-
cult on morphologic grounds alone. These same problems
also apply to the interpretation of FNA of suspected lym-
phoid neoplasms (2).

Flow cytometric analysis has become the standard method
of immunophenotyping bloods and bone marrows of pa-
tients with leukemia or lymphoma and is easily adapted to the
evaluation of body fluids and lymph node aspirates (3-8).
Detection of a leukemic immunophenotype, monoclonal
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surface immunoglobulin (sIg), or an aberrant immunophe-
notype in a cytologic specimen would confirm the presence
of leukemia or lymphoma. Also, small populations of malig-
nant cells that may be missed by routine morphology can be
detected by flow cytometry (9,10). DNA analysis by flow
cytometry for the determination of ploidy or the cell cycle
percentage can also be used to detect malignant cells (4-
8,11-21). The presence of an aneuploid population would
strongly suggest a malignant process, whereas a high per-
centage of cells in the S-G2-M proliferative phase of the cell
cycle in a cytologically lymphomatous proliferation can be
used to grade the lymphoma according to the working for-
mulation of non-Hodgkin’s lymphomas (22,23).

The purpose of this study was to utilize all these capabili-
ties of flow cytometry to detect leukemia or lymphoma cells
in the analysis of body fluids and FNA specimens. The flow
cytometric data obtained were compared to the cytologic
interpretation along with the tissue biopsy diagnosis to de-
termine the practical feasibility of using flow cytometry to
evaluate body fluids and FNA.
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TABLE 1. Monoclonal Antibodies and Lymphoid Reactivity

Monoclonal Cluster

antibody designation Cellular reactivity

T6 CD1 Common thymocyte

T11 CD2 Pan-T-cell, pan-thymocyte

T3 CD3 Mature T-cell, medullary thymocyte

T4 CD4 Helper/inducer mature T-cell, medullary thymocyte

Leul CD5 Pan-T-cell, pan-thymocyte, chronic lymphocytic leukemia

Leu9 CD7 Pan-T-cell, pan-thymocyte, some myeloid cell

T8 CD8 Suppressor/cytotoxic mature T-cell, medullary thymocyte

I5 CD10 CALLA, non-T-cell acute lymphocytic leukemia, nodular
lymphoma

B4 CD19 Pan-B-cell

Bl CD20 Intermediate mature B-cell

B2 CD21 Intermediate B-cell

1gG — v Heavy chain

IgA — « Heavy chain

IsM — p Heavy chain

IgDh — 6 Heavy chain

Kappa — Kappa light chain

Lambda — Lambda light chain

Mol CDI1b Monocyte/granulocyte

LeuM5 CDl1c Monocyte/hairy cell leukemia

My7 CD13 Monocyte/immature myeloid cells

My9 CD34 Monocyte/immature myeloid cells

12 — HLA-DR

TdT — Hematopoietic stem cell, lymphoblast, some myeloblasts

TABLE 2. Tissue Biopsy Diagnosis and Cytologic Specimen

Diagnosis No. of cases Cytology specimen
Non-T-cell ALL 3 CSF%2), PF®
T-cell ALL 1 CSF
Burkitt’s leukemia/lymphoma 1 PF
Chronic lymphocytic leukemia 1 PF
T-lymphoblastic lymphoma 2 PF, FNA®
Peripheral T-cell lymphoma 1 CSF
Cutaneous T-cell lymphoma (Sezary) 1 PF
Follicular, small cleaved cell lymphoma 8 CSF, PE@4), AFY(2), FNA
Follicular, mixed lymphoma 2 PF, FNA
Diffuse, large cell lymphoma 1 FNA
Lymphoplasma-cytoid lymphoma (Waldenstrom’s) 2 PF(2)
Granulomas 1 PF

1 FNA

Ewing’s sarcoma

2Cerebrospinal fluid.
bpleural fluid.

“Fine needle aspiration.
dAscitic fluid.

MATERIALS AND METHODS

Body fluids or FNA specimens were simultaneously ob-
tained for both flow cytometric and cytologic analysis in 25
patients. Twenty body fluids were evaluated: 5 CSF, 13
pieural fluids, and 2 ascitic fluids. Five FNA were also stud-

ied; 3 aspirates were obtained from enlarged lymph nodes
and 2 from extranodal masses. Cytologic evaluation of the
body fluid specimens and the FNA was performed on either
Wright- and/or Papanicolaou-stained cytocentrifuge prepa-
rations. A tissue biopsy was available in all cases and was
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TABLE 3. Cytology and Immunophenotype: Both Cytology and Immunophenotype

Positive for Malignancy

Tissue biopsy

Cytology specimen/

diagnosis interpretation Immunophenotype/interpretation

Non-T-cell ALL CSF/positive DR, B4, CALLA/non-T-cell ALL

Non-T-cell ALL CSF/positive DR, B4, CALLA/non-T-cell ALL

Non-T-cell ALL PF/positive DR, B4, B1, CALLA/non-T-cell ALL

T-cell ALL CSF/positive T11, T6, Leu9/T-cell ALL

Burkitt’s leukemia/lymphoma PF/positive IgM, kappa, Bl/consistent with Burkitt’s

Chronic lymphocytic leukemia PF/positive IgD, IgM, lambda, Leul/CLL

T-lymphoblastic lymphoma PF/positive T11, T6, Leu9, TDT/T-lymphoblastic
lymphoma

T-lymphoblastic lymphoma FNA/positive T11, T6, Leu9, TDT/T-lymphoblastic
lymphoma

Follicular, small cleaved cell lymphoma PF/positive IgD, IgM, kappa, B1/B-cell lymphoma

Follicular, small cleaved cell lymphoma PF/positive IgD, IgM, kappa, B1/Leul/B-cell lymphoma

Follicular small cleaved cell lymphoma AF/positive 1gM, lambda, B1/B-cell lymphoma

Follicular, mixed lymphoma PF/positive kappa, B1/B-cell lymphoma

Follicular, mixed lymphoma FNA/positive IgD, IgM, kappa, B1/B-cell lymphoma

Lymphoplasmacytoid lymphoma PF/positive 1gM, kappa, B, B4/B-cell lymphoma

(Waldenstrom’s)

performed either prior or subsequent to the cytologic
evaluation.

Flow cytometric studies of the body fluids and FNA in-
cluded monoclonal antibody immunophenotyping in all cases
and DNA analysis for ploidy and cell cycle analysis in 7
cases. Body fluids and FNA were sent to the laboratory
either fresh or in cell culture media. The isolated cells were
then processed through a Ficoll-Hypaque gradient with via-
bility determined by trypan blue staining and a cell concen-
tration obtained with a Coulter counter and channelyzer. The
number of antibodies subsequently used depended upon the
number of viable cells obtained from the separation proce-
dure. The monoclonal antibodies utilized in this study are
listed in Table 1; the antibodies chosen for analysis were
based on whether the individual case was suspected to be a
leukemia or lymphoma. An indirect immunofluorescence
staining procedure was used. The cells were separated into
subpopulations based on light scatter characteristics using an
Epics V Flow Cytometer; 5,000 to 10,000 cells per marker
were analyzed (24). The results obtained were then analyzed
with a subtraction program (IMMUNO; Coulter Corpora-
tion) in which the percentage of cells positive for each
marker from the patient sample was determined after sub-
traction of background and nonspecific labeling with a type-
specific mouse monoclonal antibody.

DNA ploidy and cell cycle analyses were performed in 7
cases on cells isolated from the same samples used for im-
munophenotyping, as described above. The cell suspension
was adjusted to a concentration of 1 X 10 and then nuclear
DNA prepared using the Vindelov procedure (25). Briefly,
cells were suspended in a solution containing propidium io-
dide (PI) to stain nucleic acids and RNAse to digest RNA. A
nonionic detergent, NP-40, was added to lyse the cyto-
plasmic membrane and cytoplasm, leaving the nuclear en-
velope intact and permeable to PI (6). The DNA ploidy, or

DNA index, was determined by the relative position of the
GOG1 peak of the cytologic specimen as compared to the
GOG1 peak of normal control peripheral blood lymphocytes
(6). Cell cycle analysis for the number of cells in the G1, S,
and G2 +M phases was performed by analyzing histograms
using both parametric and nonparametric routines (EASY 1,
PARA 1 and NONPAR; Coulter Corporation).

RESULTS

The tissue biopsy diagnosis, the cytologic diagnosis, and
the source of the cytology specimen of the 25 cases are listed
in Table 2. These included 5 cases of acute lymphocytic leu-
kemia (ALL) and 1 of chronic lymphocytic leukemia. Sev-
enteen of the remaining 19 cases had biopsy diagnoses of
non-Hodgkin’s lymphoma; tissue biopsies in the 2 other
cases showed a lymph node with granulomas and a para-
spinal mass with Ewing’s sarcoma, respectively.

Cytologic evaluation showed that 14 of the specimens were
positive for malignant cells (Table 3); all of the leukemic
cases and 2 of the FNA specimens were interpreted as pos-
itive by cytologic examination. The 3 other FNA prepara-
tions and 1 pleural fluid preparation were cytologically
suspicious for malignant cells (Table 4A). The cells in ques-
tion were either too few in number to accurately assess the
presence of malignancy, or else they were only slightly atyp-
ical in appearance as might be seen in a low grade lym-
phoma. The remaining 7 cases were cytologically negative
for malignancy (Table 4B and 4C).

Flow cytometric immunophenotyping confirmed the cy-
tologic diagnosis in 18 cases: the immunophenotype was
positive for malignancy in 14 of these cases and negative in
4 (Table 3 and 4C). Three cases of acute leukemia were phe-
notyped as CALLA-positive non-T-cell ALL, one as T-cell
ALL, and one as a monoclonal sIg positive Burkitt’s leuke-
mia/lymphoma. Two cases were T-cell lymphoblastic lym-
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Tissue biopsy
diagnosis

Cytology specimen/ Immunophenotype/
interpretation interpretation

A. Cytology Suspicious for Malignancy; Immunophenotype Positive or Negative for Malignancy

Follicular, small cleaved cell lymphoma
Diffuse, large cell lymphoma

Follicular, small cleaved cell lymphoma
Ewing’s sarcoma

FNA/suspicious kappa, B1/B-cell
lymphoma
FNA/suspicious IgM, lambda, Bl, B4/B-
cell lymphoma
PF/suspicious Mature T-cells/reactive
FNA/suspicious B- and T-cell, LCA
negative/non-
hematopoietic

B. Cytology Negative for Malignancy; Immunophenotype Positive or Negative for Malignancy

Follicular, small cleaved cell lymphoma

Lymphoplasma-cytoid lymphoma
(Waldenstrom’s)
Peripheral T-cell lymphoma

AF/negative IgD, IgM, kappa/B-cell
lymphoma

PF/negative IgM, kappa, B1, B4/B-cell
lymphoma

CSF/negative T11, Leu9, T8 positive;

T3, T4 negative/
peripheral T-cell

lymphoma
C. Both Cytology and Immunophenotype Negative for Malignancy
Follicular, small cleaved cell lymphoma PF/negative Mature T-cells/reactive
Follicular, small cleaved cell lymphoma PF/negative Mature T-cells/reactive
Cutaneous T-cell lymphoma (Sezary) PF/negative T11, Leul, T8/reactive
Granulomas PF/negative Mature T-cells/reactive

phomas, and 7 had a monoclonal sIg consistent with B-cell
lymphoma. The remaining 4 cases with both a benign cytol-
ogy and immunophenotype consisted primarily of a popula-
tion of mature T-cells with a normal to slightly increased
CD4:CD8 ratio.

Of the four cases suspicious for lymphoreticular malig-
nancy (Table 4A), 2 were found to have a population of cells
with a monoclonal slg, consistent with a B-cell lymphoma;
both of these cases were from FNA. In both of these in-
stances, the malignant population comprised less than 20%
of the lymphoid subpopulation by flow cytometry. The other
2 cases in which cytologic examination was suspicious for
lymphoma were found to be benign by immunophenotyping;
one, a pleural fluid from a case of follicular small cleaved
cell lymphoma contained only mature T-cells, and the other,
a FNA of a paraspinal mass was negative with all B-cell, T-
cell, and anti-leukocyte common antigen monoclonal anti-
bodies. Subsequent tissue biopsy of this latter case revealed
a Ewing’s sarcoma.

In the 3 remaining cases, a follicular small cleaved cell
lymphoma, a lymphoplasmacytoid lymphoma, and a periph-
eral T-cell lymphoma, body fluids that had been interpreted
as benign by cytologic examination had an immunopheno-
type positive for lymphoma (Table 4B). Two of these cases
had small populations of cells with a monoclonal slg, con-
sistent with a B-cell lymphoma; the immunophenotype of the
other case showed the CSF cells in question to be CD2,
CDS3, CDS8 positive, and CD7, CD3, and CD4 negative. This
aberrant T-cell phenotype was also found in a lymph node

biopsy specimen and was felt to be consistent with a periph-
eral T-cell lymphoma.

DNA ploidy determination and cell cycle analysis were
performed in 7 cases, all with cytologies positive for malig-
nant cells confirmed by immunophenotypic analysis. These
included a T-cell lymphoblastic lymphoma (T-LL), a chronic
lymphocytic leukemia, 4 B-cell non-Hodgkin’s lymphomas,
and a plasmacytoid lymphoma (Waldenstrom’s macroglob-
ulinemia). Five cases had a normal DNA index; a prominent
hyperdiploid population was seen in a diffuse large cell lym-
phoma and a hypodiploid population in a Waldenstrom’s
macroglobulinemia, respectively. These latter 2 cases and
the T-LL case showed greater than 20% of the cells to be in
the S-G2-M phase of the cell cycle, indicating a high prolif-
erative rate; the remaining 4 cases all showed normal cell
cycle kinetics.

DISCUSSION

Nineteen of the 25 cases evaluated in this study by flow
cytometric immunophenotyping had an immunophenotype
consistent with malignancy: 3 non-T-cell, CALLA positive
ALL, 2 T-cell ALL, 2 T-cell lymphomas and 12 monoclonal
sIg positive lymphomas. Of these 19 cases, 14 were cytolog-
ically positive, 2 were suspicious, and 3 negative for malig-
nant cells. Of the 6 cases with a benign immunophenotype,
cytologic examination was benign in 4 and suspicious for
lymphoma in 2.
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The findings in this study confirm that flow cytometry can
be used to immunophenotype body fluids and FNA in cases
suspected of being involved by leukemia and lymphoma (3-
8, 11-21). Although cytologic examination is generally re-
liable in diagnosing body fluids and FNA, flow cytometry
offers an objective technique to confirm or refute cytologic
interpretation. In particular, it may be useful in the distinc-
tion of the small cells with relatively coarse chromatin seen
in both ALL, FAB-L1, and normal lymphocytes. In addi-
tion, the relatively bland-appearing cells of the low grade
lymphomas may be confused with benign reactive lympho-
cytes in cytologic specimens; the presence of a monoclonal
sIg confirms the presence of a clonal B-cell proliferation
consistent with lymphoma, as seen in 4 cases of this study.
Cells of peripheral T-cell lymphomas (PTCL), which may
appear as overtly atypical or malignant, may also have a
bland appearance on cytocentrifuge preparations and be in-
distinguishable cytologically from benign lymphocytes.
Comparison of cytologic features, morphologic appearance
of the biopsy, and an aberrant immunophenotype character-
ized by loss of expression of one or more of the pan-T-cell
antigens permits the diagnosis of PTCL in which clonality
cannot be determined by immunophenotype (26).

The advantages of flow cytometry lie in its ability to eval-
uate objectively a large number of cells over a relatively
short time period. Also, the ability of flow cytometry to fo-
cus on a group of cells based on cell size and light scatter
characteristics allows for the analysis of discrete subpopu-
lations of cells with particular light scatter characteristics
(27). This permits the detection of small populations of ma-
lignant cells (9,10). In all instances in this study in which cy-
tology was either negative or suspicious for malignancy and
in which positive flow cytometric findings were found, the
cells with a malignant immunophenotype were present in
subpopulations containing only a small percentage of the to-
tal cell number. This latter capability of flow cytometry is
probably best applied to those specimens in which the cyto-
logic interpretation is suspicious for malignant cells, but ma-
lignancy cannot be determined with certainty due to an
insufficient number of cells with an atypical appearance.

The major limiting factor of using flow cytometry in the
evaluation of body fluids and FNA is in obtaining sufficient
cells for analysis with the battery of monoclonal antibodies
desired. Cerebrospinal fluids in particular offer logistical
problems for flow cytometric evaluation since only a limited
volume of fluid and number of cells are usually available. In
FNA, multiple needle passes may be necessary to obtain
sufficient cells for both routine morphology and flow cyto-
metric studies. In both of these instances, alternative meth-
ods for immunophenotyping such as immunofluorescence or
immunoperoxidase staining of cytocentrifuge preparations
should be considered (28).

The flow cytomeiric evaluation of certain types of high
grade lymphomas can also present technical problems. The
malignant cells of large cell or immunoblastic [ymphomas

often have poor viability after the separation steps used in
immunophenotyping studies; this can lead to preservation of
a predominant population of smaller nonmalignant cells and
loss of the diagnostic large neoplastic cells. Thus the inad-
vertent misdiagnosis of benignity by flow cytometry may re-
sult when a malignant diagnosis is obvious by cytology.
Morphologic examination of the separated cytocentrifuged
cells used for immunophenotyping is necessary to ensure that
the same cells seen in a cytologic specimen are being eval-
uated by flow cytometry.

Other studies have shown the utility of analyzing body
fluids for DNA content in the evaluation of malignant dis-
eases, including both solid tumor neoplasms and hemato-
poietic malignancies (3-8,11-21). Few reports, however,
have demonstrated the use of immunophenotyping to char-
acterize body fluid effusions in characterizing malignant
lymphoma and acute leukemia (3-8). As our results showed,
immunophenotyping may detect a malignant population of
cells that is not recognized by DNA analysis.

In conclusion, flow cytometric evaluation of body fluids
and FNA is easily accomplished and provides an additional
and objective method for the detection of malignant cells in
cytologic specimens.
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