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Immunophenotyping by Flow Cytometry of Fine Needle
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In order to determine the value of flow
cytometric (FCM) immunophenotyping of
fine-needle aspirates (FNA) in the diagno-
sis and classification of lymphoproliferative
diseases, 61 tissue samples were studied
and compared with the cytologic/histologi-
cal results. In vivo and ex vivo FNA biopsy
yielded the material for FCM, which com-
prised an extensive number of lymphoid cell
markers. In all but three cases sufficient
cells were collected. Overall, malignancy
was diagnosed in 33 cases from a total of
47 (70.2%), and in the remaining cases
malignancy was not detected. Eleven cases
were correctly diagnosed as reactive pro-

cesses (11/11). There were no false posi-
tive cases of malignancy, as diagnosed by
FCM-FNA. The best accuracy was achieved
in the low-grade B-cell ymphomas and lym-
phoblastic lymphoma/leukemia. We con-
clude that in a significant number of cases,
FCM-FNA permits the separation between
lymphoid malignancies and reactive pro-
cesses without false positive results. It
was found to be particularly useful in the
differential diagnosis of mantle-cell and small-
lymphocytic lymphoma and in the identifica-
tion of lymphoblastic lymphoma/leukemia.
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INTRODUCTION either in conjunction with FNA or biopsy specimens

5,7,9,13).

The role of fine-needle aspiration biopsy (FNA) in the dg' Thus, we undertook a retrospective study in order to evalu-

agnosis and staging of Iymp_hmd mallgn_anu_es s still a m%tté the usefulness and potential limitations of FCM in con-
ter of debate (1-4). The main concerns in this regard rely.on

. e nction with FNA, in the diagnosis of LPD in a relatively

its accuracy, reliability, and usefulness when compared :

the standard diagnostic tool, i.e., surgical biopsy (5-7). T fede group of the;e dls_eas_es. For tha_t purpose, the data ob-
. " tained by FCM (either in vivo or ex vivo), was compared

use of ancillary techniques, such as immunophenotyping g} the morphological and immunohistochemical features

Wi
the respective cytological smear and surgical biopsy speci-

flow cytometric analysis (FCM), provides an important dia v
nostic adjunct to the diagnosis of these diseases (5,7—10%ﬂ . : . 2
en. In contrast to previous studies, a uniform classification

The most re<_;_ent _system_for Iymphoma categorlsatloni?the lymphoid malignancies was used both for the diag-
the REAL classification—relies heavily on both morphologi- : .
. . noses performed by histology and for FCM-FCA, i.e., the
cal and immunophenotypical data (11). However, there HE e
S : ) AL classification (1). Therefore, the true usefulness of
some antibodies that are not available for use on paraffin sec-
tions (12) or that use is subject to some technical refinements,
some of them quite expensive, such as the use of a tyramide
detection system. Because FCM C_an prOV'O_'e awider range_é)Jrrespondence to: Isabel L. Barbosa, Ph.D., Servigco de Imuno-
markers to be tested and allows, in a relatively easy waytsnoterapia, Instituto Portugués de Oncologia de Francisco Gentil—
guantitation and the simultaneous analysis of two or marentro Regional do Porto, Rua Dr. Anténio Bernardino Almeida, 4200
markers, it could be envisaged as a potentially powerful tdgrto, Portugal.

in the definition of some lymphoproliferative diseases (LPDeceived 8 March 1999; Accepted 16 May 1999

© 1999 Wiley-Liss, Inc.



Flow Cytometry Immunophenotyping in Lymphoproliferative Diseases 225

FCM-FNA in the categorisation of the non-Hodgkin’s lymviolet enumeration or using a haematologic counter and ad-
phomas could be thoroughly evaluated. Additionally, the ijusted to 18cells/ml.

clusion of reactive lesions allowed us to determine the

discriminative power of FCM-FNA in the differential diag-Monoclonal Antibody Panel and Flow

nosis between lymphoid neoplasia and hiperplasia. Cytometry Analysis

MATERIALS AND METHODS A minimum of 10 cells per tube were used to perform the
monoclonal antibody staining. Double-labelled fluorescent
Sampling Collection and Fine-Needle Aspiration monoclonal antibodies (McAb) CD45/CD14, HLA-DR/CD3,
This study was comprised of 61 patients with sus ecﬁ%f[J)S/CDlg’ kappa/lambda, CD4/CD8, and single-labelled
Iy was comp paner | SUSPECIZR AL €D10, CD20, CD23, and TdT (all McAbs were from
lymphoproliferative disease, observed in our IﬂStItUtIOB

ako Labometer, Portugal).
between June, 1996, and November, 1998, and FNA wa NA samples were labelled with McAb for 15 min at room

performed, either in vivo or ex vivo, in all cases. In th'[eemperature followed by a 10-min incubation with 2.0 ml of

latter case, the lymph nodes were submitted fresh to W Facs Lysing solution (BD-ENZifarma Lisboa, Portugal)

igﬂirgfﬂt (;f \z:;h;);z%y've chBt-r?ea:? de;ceaer?fsaﬁaa;gid t’r(())nrared cell lysis. After centrifugation at 1100 rpm for 10 min,
yring ’ P 9HiE stained cells were resuspended in approximatelytb00

N th_e in ViVOFNAS. In some cases, the SPECIMENS WERE - olipix™ (BD-ENZifarma Lisboa). CD45 was used as
obtained by computed tomography (CT) guidance, allow-

. 4 . ; ositive control and double-conjugated mouse immunoglo-
ing the performance of the histological biopsy, as well. g 9

drop of the aspirate was expressed onto glass slides wh|g in G (IgG) was used as a negative conirol.
b P b g ' sing a FACSort flow cytometer and the LYSIS Il soft-

were subsequently air-dried and stained using the Dl\flr/'are (BD-ENzifarma Lisboa), a two-colour, four-parameter

Quik method, or were alcohol-fixed and stained using,a . L

. . : flow cytometry analysis was performed and a minimum of
Papanicolaou stain. Then, each aspirate was flushed ? %000 events were acquired for each sample. The results were
1.5 ml of phosphate-buffered saline (PBS) and immedi-’ g pie.

expressed as the percentage of positive cells of the total nucle-
ately sent to the flow cytometry laboratory. P P 9 P

. .ated cell population.
The diagnoses performed on the smears were classifie " o .
pattern of “normality” was established based on the pres-
as small cell lymphoma, large cell lymphoma, lymphao-

. . - . ence of a mixture of T- and B-cells without evidence of
blastic lymphoma/leukemia, Burkitt's lymphoma, reactive . . .
process, and nondiagnostic. monqclonahty or aberrant |mmunqphenotype. B_—ce_ll mallg-_
nancies were suggested when the immunoglobulin light-chain
ratio was equal or greater than 6:1. Abnormal patterns of CD4
and CD8 expression (e.g., coexpression of both these anti-
Surgical biopsy samples were obtained in all 61 cases, eitfpens, lack of expression of both of them, or altered CD4/
CT guided or by direct surgical excision. The tissue specimeZB8 ratio) or lack of expected T-cell markers (e.g., CD2)
were formalin fixed and processed for paraffin inclusion. Rowas considered diagnostic of T-cell neoplasia.
tine histologic sections and immunostains (using the avidin-The FCM results were interpreted without knowledge of
biotin peroxidase technique) allowed the classification of edtie FNA or surgical biopsy results. Then, the FCM results
case according to the REAL classification of lymphoid newarere combined with those of the FNA and a final diagnosis
plasms (11). The diagnoses performed were then placed inwae achieved and placed in the same categories described for
of seven categories for purposes of analysis only: low-gradetiBe histological specimens.
cell lymphomas (LGBL), high-grade B-cell lymphomas
(HGBL), high-grade T-cell lymphomas (HGTL), lymphoblasStatistical Analysis

tic lymphoma/leukemia (ALL), miscellaneous (M), reactive To evaliate any differences between the groups of pa-

process (RP), and nondiagnostic (ND). These diagnoses were :
made without the aid of the ECM results. WigHits studied we used theest for Independent Samples,

L . )Performed in a statistic software. We accepted results with
Hodgkin's disease cases were excluded from this stud a P-level < 0.05 as “statistically significant” and those
with aP-level < 0.005 as “highly significant.”

Morphology and Histology

Preparation of FNA Samples for Flow Cytometry

All the samples were processed and analysed within RESULTS
hours of collection. Prior to labelling the majority of thc?vI . .

. . orphologic Categories
samples required concentration. The samples were transferred
into Hanks’ balanced salt solution (HBSS), centrifuged at 1100in a total of 61 patients, a histological diagnosis was
rpm for 10 min, and resuspended in approximately 500 reached in 58 cases (95%) and the results are summarised
Leucocyte concentration was determined either by crysitalTable 1. In the remainder the sample was insufficient
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TABLE 1. Detection Rate Flow Cytometric Immuno- preted as reactive processes. Eleven cases were considered
phenotyping in Relation to the Histologic Categories of reactive (RP), without evidence of lymphoid malignancy.
Lymphoproliferative Diseases
Histologic category Detected by FCM Immunological Phenotyping of FNA Samples by
Low-grade B-cell lymphoma 15/17 Flow Cytometry
'\F/Iollut:lular <I:Ie|ntre-r(1:ell lymphoma 8?;:35 From a total of 61 FNA, only in 3 cases was the number of
antle-cell lymphoma - . . -
Small-lymphocytic lymphoma/chronic /4 cells collected insufficient to stain (<% 10 cells/ml in a _
lymphocytic leukemia totgl volu_me of < 1.5 ml and thes_e were the same cases in
High-grade B-cell lymphoma 9/15 which histological and cytological diagnosis was not
Diffuse large B-cell lymphoma 6/12 achieved). In this retrospective study, it was found that a mini-
Burkitt's lymphoma 33 mum of 1x 1CPcells was required to perform the phenotypic
High-grade T-cell lymphoma 0/4 .
, . analysis.
Lymphoblastic lymphoma/leukemia 9/9 . . . .
Miscellaneous 012 Lymphoid malignancy was diagnosed by FCM in 33 of the
T-cell rich B-cell lymphoma 0/1 47 pathologic cases identified by histology (70.2%), based
Dermatopathetic lymphadenopathy in mycosis 0/1 on the criteria previously cited (Table 1). When FCM results

fungoides (LN2)
Reactive process 11/11
Nondiagnostic 3/3

were combined with the FNA results, these cases corresponded
to all the ALL (9/9), 88% of the LGBL (15/17), and 60% of
the HGBL (9/15).

The results of the flow cytometric immunophenotyping of
(two cases) or necrotic (one case), allowing no definititke 58 cases analysed are displayed on Table 2. In relation to
diagnosis (ND category). There were 17 cases of LGBilie ALL group, the results obtained by FCM-FNA were con-
5 follicular centre cell lymphoma (FCCL), 8 mantle-celsistent with those obtained by histologic analysis, in terms of
lymphoma (MCL), and 4 small lymphocytic lymphomathe phenotype, and all the cases were TdT positive.
chronic lymphocytic leukemia (SLL/CLL). The LGBL The comparison between LGBL and HGBL showed that
cases corresponded to the small-cell ymphoma casestlé latter subgroup had a higher proportion of T cells (16 vs.
agnosed by FNA. The HGBL group was comprised of 9%,P = 0.002). In contrast, LGBL cases had more B-cells
cases: 12 diffuse large B-cell lymphoma (DLBL) and ®ith a predominance of immunoglobulin kappa chain expres-
Burkitt's lymphoma (BL). Four anaplastic large-cell lymsion (86 vs. 14%® < 0.02). In HGBL the proportion of neo-
phoma (ALCL) composed the group of HGTL. The HGBIplasms expressing immunoglobulin kappa or lambda light
and HGTL cases were diagnosed cytologically as largghains was equivalent.
cell lymphomas. The BL cases were all identified cyto- Concerning the LGBL group, 12 cases were found to be
logically, as well. Concerning the ALL group, there wer€D5+. The CD23 expression allowed their classification as
9 cases: 5 B-cell and 4 T-cell phenotype. These cases wdf@L (CD5+ and CD23-) or SLL/CLL (CD5+ and CD23+).
also correctly identified in the cytological smears. Thehe remainders were CD10+, CD5—; and CD23—, and were
miscellaneous category included one case of T-cell riclassified as FCCL, in conjunction with the cytological ob-
B-cell ymphoma and one case of dermatopathic lymphaskrvation.
enopathy, in a context of mycosis fungoides (LN2). TheseFor the other 25 samples the FCM immunological
cases were not diagnosed as such by FNA and were infgrenotyping was not able to find evidence of lymphoid ma-

TABLE 2. Frequency of Immunophenotypical Markers in the Various Diagnostic Groups by Flow Cytometry Analysis

CD3 CD19/20 K/ ratio Other markers

Low-grade B-cell lymphoma + +++ +++/—

Follicular centre-cell lymphoma CD5- CD23-, CD10+

Mantle-cell lymphoma CD5+, CD23-

Small-lymphocytic lymphoma/chronic lymphocytic leukemia CD5+, CD23+
High-grade B-cell lymphoma ++ + ++

Diffuse large B-cell ymphoma ++ + +/+

Burkitt's lymphoma + ++ TdT-, CD10+
High-grade T-cell lymphoma ++ +
Lymphoblastic lymphoma/leukemia

B-cell - +++ TdT+++, CD10+++, HLA-DR+++

T-cell ++ - TdT++
Reactive process ++ +

*Data are expressed as % of positive cells and classified as follows: 25%; 50%< ++ < 75%; 20%< + < 50%; — < 20%.
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lignancy. In the four HGTL and two miscellaneous cases, afpical of this lymphoma (18). However, without the cyto-
though FCM showed a predominance of T lymphocytes|agical assessment, the diagnosis by FCM alone would not
diagnosis was not established because there was not shéipossible.

cient evidence of abnormal or aberrant phenotype. In eigh® similar problem to that of DLBL arose in the diagnosis
cases of B-cell ymphoma, there was no evidence af HGTL, which were all of the anaplastic large-cell type.
monoclonality by FCM. The remaining eleven cases claskideed, the recognition of T-cell malignancies is more diffi-
fied by histology as RP cases showed a normal pattern o€t than their B-cell counterparts, because one must rely on

and B-cell populations. the detection of an aberrant pattern of T-cell antigen expres-
sion or the abnormal distribution of T-cell antigens (19). In
DISCUSSION our cases, another problem was raised: the considerable num-

ber of reactive cells that may be present in the context of
Several previous studies have addressed the topic of &L (20,21). However, the sample size was rather small
usefulness and limitations of FNA alone or in conjunctiofjust four cases) and it was not representative of most T-cell
with FCM in the diagnosis and classification of LPDymphomas, which seem to be diagnosed by these means with
(1,7,8,10). However, to our knowledge, this is the first studyore accuracy than in our study (7,9). Perhaps the use of a
to investigate this problem in the context of the REAL classironoclonal antibody against CD30 could provide more ac-
fication scheme. curate diagnosis in our cases, as it does in the context of
In our study, LGBL was the most reliably identifiable grouplodgkin’s disease (9).
of LPD by means of FCM-FNA. Additionally, it was pos- The problems of cell sampling and number were also de-
sible to diagnose, with a great degree of certainty, the M@rminant for the nonrecognition of the cases of T-cell rich B-
and the SLL/CLL subgroups, among the others. This is a majetl lymphoma and of dermatopathic lymphadenopathy, in a
point in favour of FCM, since the morphological differentiatontext of mycosis fungoides (LN2). We could confirm this
diagnosis between these two entities is not very easy in s@ame problem in the biopsy specimen, because the neoplastic
instances (14). Although the overexpression oBttid gene cells were quite difficult to find in the reactive background.
product (i.e., cyclin D1) is claimed to be specific for the diag-he difficulty in diagnosing a T-cell rich B-cell ymphoma in
nosis of MCL (15,16), its detection by immunohistochemic&NA with FCM was already highlighted by other authors (22).
methods in paraffin sections is somewhat difficult and mayConcerning the ALL subgroup, FCM proved to be a very
need expensive enhancement systems (12,17). At presatiable ancillary technique, since all cases in this subgroup
this distinction may not carry therapeutical implications, butere shown to be TdT positive. Additionally, none of the cases
one should bear in mind that the prognosis of these two disthe other subgroups showed positivity for this marker. This
eases is quite different (11,14). In addition, if new therapeesult is quite important because it may preclude the need for
tic approaches are to be tested in MCL, it becomes crudatgical biopsy in the follow-up of these patients (most of
that the eligible cases should be correctly diagnosed.  them of a rather young age) whenever a lymph node or extra-
Regarding DLBL, the rate of correctly identified cases wamdal relapse is suspected. This finding may also be impor-
somewhat inferior to the previously discussed LGBL (50 v@nt in the initial diagnosis, since the monoclonal antibodies
88%), but is similar to that of other studies (7). Two reasoagainst TdT for use in paraffin sections, in our experience, do
can be pointed out to justify this discrepancy. The first is thadt always provide reliable results. Additionally, FCM per-
in DLBL, the number of reactive cells (especially T-lymphanits the investigation of HLA-DR expression and the pres-
cytes) is higher than in LGBL. This may influence the diagnce or absence of surface immunoglobulins with great
nostic accuracy in two ways: the mixture of B- and T-celtnfidence. Because these markers are difficult to characterise
raises the problem of a reactive LPD, and the lower numioerparaffin sections, their study by FCM may be very helpful
of neoplastic cells may jeopardise the FCM analysis forsuspecting and/or establishing a diagnosis in dubious cases.
monoclonality. The second reason for less accuracy in thénother major result of our study was the absence of false-
detection of DLBL was the partial involvement of the lymppositive results on FCM-FNA: none of the reactive cases
node (as observed in the surgical biopsy specimen) whigére interpreted in FCM as a B-cell or T-cell malignancy.
further impairs obtaining neoplastic cells for FCM. It is notddowever, as previously stated, a significant number of non-
worthy, in this regard, that these same problems may affelddgkin’s lymphomas were also diagnosed as “without evi-
the cytological assessment, and therefore may raise saleace of malignancy” by FCM. This may be partially
concern on the accuracy of the negative, i.e., nonneoplastiplained by the strict criteria used for the definition of B-
cases as diagnosed by FCM-FNA. and TFcell neoplasms. In these cases, either the cytological
FCM correctly identified all cases of BL as B-cell maligassessment or the persistence of a clinical suspicion was de-
nancies. Their categorisation as a specific entity was maeleninant for the diagnosis, through the performance of a
with the aid of the cytological observation which allowed theurgical biopsy.
identification of the numerous cytoplasmic (lipid) vacuoles, In summary, our results demonstrate that FCM-FNA pro-



228 Henrique et al.

vides an important aid to the distinction between malignadt Robins DB, Katz RL, Swan F, Atkinson EN, Ordonez NG, Huh YO.
and nonmalignant LPD in most cases.Anegative result (“With- Immunotyping of lymphoma by fine-needle aspiration. A comparative

. . B ... study of cytospin preparations and flow cytometry. Am J Clin Pathol
out evidence of malignancy”) must always be regarded with 1994:101:569-576.

great care and the need for a surgical biopsy should be &d-saddik M, EI Dabbagh L, Mourad WA. Ex vivo fine-needle aspiration
dressed on a clinical suspicion basis. In the cases of lym-cytology and flow cytometric phenotyping in the diagnosis of
phoid malignancy, this method is particularly relevant in the lymphoproliferative disorders: a proposed algorithm for maximun re-
low-grade B-cell lymphomas, allowing some very important source utilization. Diagn Cytopathol 1997;16:126-131.

. . . L fer . . 10. Sneige N, Dekmezian R, El Naggar A, Manning J. Cytomorphologic,
differential diagnosis in difficult cases. Additionally, it may immunocytochemical and nucleic acid flow cytometric study of 50

provide a very reliable and useful approach in cases of SUSqymph nodes by fine needle aspiration. Comparison with results ob-

pected disease relapse in the ALL subgroup. tained by subsequent excisional biopsy. Cancer 1991;67:1003-1007.
11. Harris NL, Jaffe ES, Stein H, et al. A revised European-American clas-
ACKNOWLEDGMENTS sification of lymphoid neoplasms: a proposal from the International

Lymphoma Study group. Blood 1994;84:1361-1392.
The authors greatly appreciate the excellent technical #&-Katz RL. Cytologic diagnosis of leukemia and lymphoma. Values and
sistance of Ms. Angela Silvestre and Ms. Paula Lopes in the'imitations. Clin Lab Med 1991;11:469-499.

£ fthe i tains i ffi ti dl3f Clatch RJ, Walloch JL. Multiparameter immunophenotyping analysis
performance o the Immunostains in paraflin SECtions, and of ¢ 4, needie aspiration biopsies and other hematologic specimens by

Ms. Rosa M. Moreira in the preparation of some of the samples|aser scanning cytometry. Acta Cytol 1997:41:109-122.

for flow cytometry analysis. 14. Medeiros LJ, Jaffe ES. Low-grade B-cell lymphomas not specified in
the working formulation. In: Jaffe ES, editor. Surgical pathology of the
REFERENCES Izyznlpggfdes and related organs. W.B. Saunders: Philadelphia; 1994. p

1. Carter TR, Feldman PS, Innes DJ, Frierson HF, Frigy AF. The roleld. Medeiros LJ, van Krieken J, Jaffe ES, Raffeld M. Association of Bcl-1
fine needle aspiration in the diagnosis of lymphoma. Acta Cytol rearrangements with lymphocytic lymphoma of intermediate differen-
1988;32:848-853. tiation. Blood 1990;76:2086—2090.

2. Frable WJ, Kardos TIFine needle aspiration biopsy. Applications inl6. Brynes RK, McCourty A, Tamayo R, Jenkins K, Battifora H. Demon-
the diagnosis of lymphoproliferative diseases. Am J Surg Pathol stration of cyclin D1 (Bcl-1) in mantle cell ymphoma. Enhanced stain-
1988;12:62-72. ing using heat and ultrasound epitope retrieval. Appl Immunohistochem

3. Kardos TF, Maygarden SJ, Blumberg AK, Wakely PE, Frable WJ. Fine 1997;5:45-50.
needle aspiration biopsy in the management of children and young adliits Zuckerberg LR, Yang W-I, Arnold A, Harris NL. Cyclin D1 expression
with peripheral lymphadenopathy. Cancer 1989;63:703-707. in non-Hodgkin’s lymphomas. Detection by immunohistochemistry. Am

4. Moriarty AT, Banks ER, Bloch T. Cytologic criteria for subclassifica- J Clin Pathol 1995;103:756—760.
tion of Hodgkin’s disease using fine-needle aspiration. Diagn Cytopatid@. Ferry JA, Harris NL, editors. Atlas of lymphoid hyperplasia and lym-
1989;5:122-125. phoma. W.B. Saunders: Philadelphia; 1997.

5. Dunphy CH, Ramos R. Combining fine-needle aspiration and flo¥®. Picker LJ, Weiss LM, Medeiros LJ, Wood GS, Warnke RA. Immuno-
cytometric immunophenotyping in evaluation of nodal and extranodal phenotypic criteria for the diagnosis of non-Hodgkin's lymphoma. Am
sites for possible lymphoma: a retrospective review. Diagn Cytopathol J Pathol 1987;128:181-201.
1997;16:200-206. 20. Agnarsson B, Kadin M: Ki-1 positive large cell ymphoma: a morpho-

6. Ramzy |, Rone R, Schultenover SJ, Buhaug J. Lymph node aspirationlogic and immunologic study of 19 cases. Am J Surg Pathol
biopsy: diagnostic reliability and limitations—an analysis of 350 cases. 1988;12:264-274.

Diagn Cytopathol 1985;1:39-45. 21. Kadin ME: Ki-1-positive anaplastic large cell ymphoma: a distinct clini-

7. Zander DS, lturraspe JA, Everett ET, Massey JK, Braylan RC. Flow copathologic entity. Ann Oncol 1994;5(Suppl.1):S25-S30.
cytometry: in vitro assessment of its potential application for diagnog8. Galindo LM, Havlioglu N, Grosso LE. Cytologic findings in a case of
and classification of lymphoid processes in cytologic preparations from T-cell rich B-cell lymphoma: potential diagnostic pitfalls in FNA of
fine-needle aspirateAm J Clin Pathol 1994;101:577-586. lymph nodes. Diagn Cytopathd996;14:253—-258.



	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES
	Table 1
	Table 2

