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Value of DNA analysis in addition to cytological
testing in the diagnosis of malignant pleural
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Abstract
Background -Aneuploidy appears to be a
highly specific marker for cancer, and
measurement of cellular DNA content by
flow cytometry is rapid and reliable. This
study was undertaken to determine if the
addition of DNA analysis improved the
sensitivity of cytological diagnosis of
malignancy in pleural fluid.
Methods - Pleural effusions from 92
patients were studied by cytological ex-
amination and flow cytometry.
Results - In 41 patients the final diagnosis
was malignancy, there were 40 cases of
benign effusions including 22 with pleural
tuberculosis, and in the remaining 11
patients with biopsy proven cancer the
presence ofmalignant cells was not found
by cytological and histological means in
the pleural fluid. Aneuploidy and cytolo-
gical malignancy were found in 14
samples. There were seven cases with
abnormal flow cytometry and negative
cytological results. In 12 patients the
cytological test results were positive but
DNA analysis was normal. Thirty six
samples of fluid were both diploid and
cytologically negative. Of the 22 tubercu-
lous effusions seven contained aneuploid
cells. The sensitivity of DNA and cyto-
logical analysis was 51-2% and 63-4%,
respectively. The specificity of DNA
analysis was 74-5%.
Conclusions - DNA analysis of cells in
malignant pleural effusions is both less
sensitive and specific than the cytological
diagnosis. Flow cytometric analysis is not
recommended for routine use in the
diagnosis of pleural effusions.

(Thorax 1994;49:692-694)

Malignant disease causes, or is associated with,
up to 77% of all pleural effusions.' Of particu-
lar prognostic and therapeutic significance is
the presence or absence of malignant cells,
which may be found either on cytological ex-
amination of pleural fluid or by histological
examination of pleural tissue. In general, cyto-
logical examination of pleural fluid establishes
the diagnosis more frequently than pleural
biopsy, with positive rates of 25% to 87%.23
This variability depends mainly on the type of
malignancy and on the skill of the cytologist.
Moreover, in many patients with proven
malignancy pleural effusions are caused by

neoplastic involvement of the mediastinal
lymph nodes rather than by direct invasion of
the parietal pleura.4 Additional non-invasive
diagnostic techniques would therefore be use-
ful to identify tumour cells in pleural fluid.

Malignant tumours generally exhibit abnor-
mal amounts of DNA, and measurement of
DNA content by flow cytometry has been used
to complement cytological or histological diag-
nosis.5 However, details of the accuracy of flow
cytometry for differentiating between benign
and malignant pleural effusions remain
scanty.67 We have prospectively studied
pleural effusions using both conventional cyto-
pathology and flow cytometry to determine if
the addition of DNA analysis improves the
sensitivity of cytological diagnosis.

Methods
PATIENTS AND SAMPLES
Between December 1991 and April 1993 92
samples of pleural fluid obtained from con-
secutive unselected patients undergoing a
therapeutic or diagnostic thoracocentesis were
examined. According to the final diagnosis
achieved the effusions were divided into three
groups: group I - malignant effusions where a
diagnosis of malignancy was made by cytolo-
gical examination of pleural fluid, or by histo-
logical examination of parietal pleural biopsy
samples obtained from a blind biopsy or thora-
coscopy, or both; group II - benign effusions
that included 22 with tuberculosis, four para-
pneumonic effusions, three cases of congestive
heart failure, two cases of collagen disease, one
nephrotic syndrome, one cirrhosis, and seven
with unidentified causes; group III - effusions
associated with known malignancy where cyto-
logical examination of the pleural fluid and
histological testing of biopsy samples obtained
by both pleural biopsy and thoracoscopy could
not demonstrate metastases.

CYTOLOGICAL TESTING AND FLOW CYTOMETRY
The samples were obtained from fresh pleural
fluid and sent for conventional diagnostic cyto-
logical testing which was performed on cells
stained with a Papanicolau stain and inter-
preted by a cytopathologist. An aliquot of 20-
50 ml of pleural fluid was also sent for flow
cytometric analysis and processed within four
hours. The samples were centrifuged at 350g
for five minutes, the supernatant was dis-
carded, and the cell pellet was resuspended
with phosphate buffered saline (PBS). The
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suspension was filtered through a 50 gm pore
size nylon mesh (Pall Utipor SQ 40S Pall,
Spain) to remove large clumps, and was then
washed in PBS and the concentration adjusted
to 1 x 108 nuclei per sample. Samples contain-
ing red blood cells were lysed before being
processed.

Cell suspensions were frozen by adding
1-5 ml citrate buffer solution containing suc-
rose and dimethyl sulphoxide, stored at
- 80'C, and melted in a water bath at 37'C. At
the same time peripheral blood from healthy
volunteers was processed and added for ana-
lysis as an external control to provide a refer-
ence point for determining the DNA index
within a given sample. Once melted, the
samples were centrifuged for five minutes at
350g at room temperature and the supernatant
was aspirated. The samples were stained as
described elsewhere.8

Samples were run in the flow cytometer for
between 15 minutes and three hours after the
addition of propidium iodide solution using a
Facscan Analyzer flow cytometer (Becton
Dickinson, Mountain View, California, USA).
A minimum of 10 000 nuclei were collected in
each DNA histogram.
The coefficient of variation (CV) of the

diploid peaks was always below 5%, otherwise
samples were excluded from the series. The
percentage of the S phase fraction was calcu-
lated using the "broadened rectangle" math-
ematical model (Hewlett-Packard software).9
Mixed solutions of pleural fluid and peripheral
blood nuclei were run when the pleural
effusion contained 100% tumour cells. DNA
abnormalities were expressed quantitatively as
aDNA index which is the ratio of the positions
on the abscissa of an abnormal peak to that of
the normal diploid cells. A population of cells
with DNA content deviating less than 10%
from the standard was considered to be dip-
loid, thus the value for diploid nuclei was
1 ± 0 1. Lower or higher DNA indices were
considered hypodiploid or hyperdiploid, re-
spectively. A pseudodiploid peak was a DNA
histogram with a DNA index of 0 80-0 90 or
110-124. Aneuploidy was diagnosed when
more than 10% of the cells were aneuploid.
Neither a "shoulder" of the GI peak nor a wide
G, peak was considered aneuploid.

STATISTICAL ANALYSIS
Data are presented as mean (SE) values. Con-
tinuous data were compared between groups
using the t test. The Pearson correlation coef-
ficient was used to examine relationships
between two variables, p values <0 05 being
considered statistically significant.

Test sensitivity was calculated as test posit-
ive/total positive (%), and specificity as test
negative/total negative (%).

Results
Of the 92 patients entered 62 were men and the
mean age was 56 7 (1-95) years (range 16-85).

Forty one patients had effusions due to
malignant disease (group I); 20 of these had a

Flow cytometry and cytological diagnosis in malignant
effusions

Cytological examination

Flow cytometry Positive Negative

Positive 14 7
Negative 12 8

normal DNA histogram and the remaining 21
had pleural effusions in which aneuploid cells
were found. There was agreement between the
results of flow cytometric analysis and cytolo-
gical examination in eight negative samples
and 14 positive samples. There were seven
cases in which flow cytometry was abnormal
but cytological results were negative. In 12
patients the cytological results were positive
for malignancy but DNA analysis was normal
(table). The diagnosis of a malignant effusion
in all 41 patients in this group was confirmed
by histological examination of pleural tissue or
highly specific procedures such as immuno-
staining in two cases of acute myeloid
leukaemia.
There were 40 patients with benign

effusions (group II), including 22 cases of
pleural tuberculosis. Ten were aneuploid and
the remaining 30 were diploid. Seven of the 10
aneuploid samples were from the cases of
tuberculosis, one had cirrhosis with ascites,
and two remained undiagnosed. In both these
latter cases the effusions resolved spontan-
eously during follow up.
Eleven patients had a history of malignant

disease with incidental pleural effusions
thought to be not directly due to cancer (group
III), with no malignant cells on cytological or
histological examination. Eight of these
effusions were negative to DNA analysis. In
three cases flow cytometry was abnormal and
the associated tumours detected were bron-
chogenic squamous cell, cervical squamous
cell carcinoma, and prostatic adenocarcinoma.
The case of bronchogenic carcinoma was
resected and its postoperative staging was
T2N2Mo.
As malignant effusions may be characterised

by abnormal proliferative activity we calcu-
lated the percentage of cells in the S phase and
found a significantly higher S phase fraction in
malignant pleural effusions than in benign
ones (7-5 (1-45) v 1-99 (0 24); p<0 01). Simi-
larly, a correlation was seen between the S
phase fraction and DNA index (r= 0 57;
p <0.05).
The sensitivity ofDNA analysis was 51*2%,

a lower figure than that obtained from cytolo-
gical analysis (63-4%). Considering both
methods together, the sensitivity was 80-4%.
In contrast, the specificity of DNA analysis
was only 74-5% compared with 100% for
conventional cytological examination. This
low specificity was due mainly to the large
number of cases with pleural tuberculosis and
aneuploid cells (seven of 22).

Discussion
Neoplastic lesions often undergo chromosomal
aberrations resulting in the appearance of non-
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diploid clones within the tumour cell popula-
tion. The finding of aneuploidy is therefore
highly suggestive of malignancy with pro-
nounced karyotype abnormalities. Flow cyto-
metry allows rapid quantitative measurement
of nuclear DNA and could therefore be used as
a tool for differentiating between benign and
malignant cells.

In our series DNA analysis was falsely
negative in 20 cases, a sensitivity of 51 2%.
Conventional cytological examination had a
sensitivity of 63-4%. When both techniques
were combined the sensitivity achieved 80-4%.
There is only one study that reports aneuploid
DNA patterns in all malignant effusions
studied, although some of them showed min-
imal deviation of DNA diploid standard.7 All
other communications, dealing with different
body fluids, have shown sensitivities between
30% and 88%.6I'll These results may be due
to: (1) a lack of sensitivity of flow cytometric
analysis which cannot detect karyotype abnor-
malities belonging to one or two chromosomes;
(2) some cancer cells being diploid as occurs in
approximately 20% of all solid tumours; and
(3) pleural effusions, which contain a small
number of malignant cells, may require a
larger sample than the one studied to assess
aneuploidy.
With the exception of Hedley et al'0 and

Schneller et al"3 all other authors have found
some false positive results with a specificity
ranging from 86% to 96%.67111215 However,
the definition of aneuploidy has not always
been uniform. In our study 10 samples were
considered false positive because of abnormal
DNA content with no evidence of malignancy.
It is noteworthy that almost one third of the
tuberculous effusions showed DNA aneu-
ploidy, although five out of seven had a
pseudodiploid pattern which is an unreliable
marker of malignancy. The mechanisms by
which Mycobacterium tuberculosis produces
DNA aneuploidy are not clear. T lymphocytes
specifically sensitised to tuberculous protein
might be responsible for the discrete changes

in DNA ploidy patterns. The kinetics of PPD
reactive T lymphocytes in the pleural space
may influence the finding of aneuploidy in only
some patients. The large number of cases of
tuberculosis in our series may explain the low
specificity observed.

In conclusion, since DNA analysis of cells in
malignant pleural effusions was both less sen-
sitive and specific than cytological diagnosis,
flow cytometric analysis is not recommended
for routine use.
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