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Pavai STHANESHWAR MD, Sook-Fan YAP FRCPath, FRCPA and Gita JAYARAM MDPath, MRCPath
Department of Pathology, Faculty of Medicine, University of Malaya
Abstract

Pleura effusionisacommon diagnosticproblem. Theanalysisof serum and pleural fluid for tumour
markersiswidely used as adiagnosticaid in clinical practice. The am of the present study was to
determine the usefulness of simultaneous quantification of carcinoembryonicantigen (CEA) and
carbohydrateantigen (CA-125) in distinction of malignant from benign effusion. Datafrom a total
of 78 patients including 53 patients with benign and 25 patients with malignant effusion was
evauated. The cut-off valuesfor differentiating benign from malignant effusions were determined
using results obtained from patients with known benign effusions (mean + 2 SD, 95% confidence
interval). The cut-off for CEA and CA-125 were 5.1ng/ml and 1707 IU/ml respectively. CEA assay
inpleural fluid had an acceptable sensitivity and good specificity of 64% and 98% respectively.CA-
125 had a sensitivity of 36% and specificity of 94%. The combinationof the two tumour markers
gave a senditivity of 72% and specificity of 92.4%. We suggest a good clinical strategy may be to
begin with CEA measurement (assay specificity 98%); if CEA is below the cut-off value (negative),
CA-125 could then be measured to improve the sensitivity of detection of malignant effusions.
However, measurement of these tumour markers is not cost effectivefrom the point of view that it
does not giveinformation on the type of malignancy present. The latter has to be determined either
by histological or cytological study.
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INTRODUCTION

Pleura effusions may be the result of many
pulmonary or systemic diseases. When a patient
isdiagnosed to havea pleura effusion, an effort
should be made to determine the cause, and
anaysis of pleura fluid is an important step in
the work-up of such patients. Transudative
effusions are caused by a small, well-defined
group of illnesses such as liver cirrhosis and
congestive cardiac failure. Exudative effusions,
on the other hand, are associated with a wide
variety of causes, including pneumonia,
tuberculosis, pulmonary embolism, viral
infections, malignancy and many others.
Neoplastic processes cause approximately
20% of pleural effusions. Although cytology is
the most specific routine diagnostic procedure,
its sensitivity is only 50-60%. Hence more
invasivetechniquesarecarriedout for diagnosis,
likepleura biopsy or thoracoscopy.! Transudative
and exudativepleural effusionsaredistinguished

by measuring the lactate dehydrogenase (LDH),
and protein level in the pleural fluid.?2 In all
exudative pleural effusions, adescriptionof the
fluid, the glucose level, the amylase level, a
differential cell count, microbiological and
cytological studies are recommended. In some
cases, however the conventional markersare not
significantto differentiate malignantfrom benign
pleural effusion. Measuring tumour-associated
antigens in the pleura fluid, which the tumour
cells express, could be possibly used for this
distinction.?

The object of this study was to evaluate the
useof thetumour markers, carbohydrateantigen-
125 (CA-125) and carcinoembryonic antigen
(CEA), in pleural fluid obtained by
thoracocentesi sfor diagnosisof neoplasticpleural
effusion and to determinethe correl ation between
the level of CA-125 in the pleura fluid and
serum. The aetiology of the underlyingdiseases
were determined by cytologic, histologic and
microbiological methods.
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METHODS AND MATERIALS

The study was done in the Department of
Pathology, University of MalayaMedical Centre
(UMMC), KualaLumpur, Malaysia.Pleural fluid
samplesfrom 78 consecutivepatients, who were
subjected to simple needle aspiration or tube
drainagefor diagnosis, were selected from the
files of our institution, and included in this
study.
Inall pleura fluid samplesroutinelaboratory
testsliketotal protein, LDH, glucose, cytological
examination, and microbiological tests were
performed. Thelevelsof tumour markers CEA
and CA-125 in the pleural fluid and CA-125
level in the serum were measured by
chemiluminescence method (ACS Chiron
Diagnostics). The results of pleural biopsy to
distinguishmalignantfrom benigneffusionwere
availablein all the cases. Patients with pleural
effusion were classified as benign or malignant.
The benign group (n=53) included tuberculosis
(n=17), congestivecardiacfailure(CCF) (n=15),
pneumonia(n=16), systemiclupuserythematosis
(SLE) (n=2) and pancreatitis (n=1). The
malignant  group  (n=25) included
adenocarcinoma (n=14), non-Hodgkin's
lymphoma (NHL) (n=5), mesothelioma (n=1),
squamous cell carcinoma (SCC) (n=1), poorly
differentiated carcinoma of lung (n=2) and
metastatic adenocarcinoma (n=2).

Statistical analysis

The following calculations were made:
sensitivity (S): true-positive / (true-positive+
false-negative); specificity (s): true-negative /
(true-negative * false-positive); positive
predictive value true-positive / (true-
positive + false-positive); negative predictive
vaue (NPV): true-negative/ (true-negative+
false-negative). The term 'positive’ refers to
histologically or cytologically proven malignant
pleural effusion. While benign effusions are
referred to as 'negative’; the latter category
includes effusions with negative histology or
cytology for malignancy *.

The statistical evaluation was performed by
computer analysis with SPSS software (SPSS
Inc., USA). Resultswerecompared according to
the Mann-Whitney U test and student T-test.
The cut-off values were defined as the benign
group mean + 2 SD (95% confidenceinterval).

RESULTS

Didtributionof thepleural effusionsby aetiology
isshowninTablel. Thelevelsof CEA and CA-
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125 in pleural fluid (median and range) are
givenin Table 2. The scattergram for CA-125
and CEA areshown in Figuresl, 2 and 3. The
calculated cut-off values were 5.1 ng/ml and
1707 IU/ml for CEA and CA-125 respectively.
Using these cut-off values, the sensitivity and
specificity were found to be 64% and 98%
respectively for CEA, and 36% and 94% for
CA-125 (Table 3).

The sensitivity and specificity by combined
use of both tumour markers (*combined
markers) was also determined to evaluate the
utility of thisapproach. A positiveresult,inthis
case, wasdefined astheelevation of at |east one
of thetwo tumour markersabovethe respective
cut-off value. The calculated sensitivity and
specificity of the" combinedmarkers” were72%
and 92.4%. The sensitivity was higher than that
of CEA but thespecificity waslower thanthat of
CEA.

CEA and CA-125levelsin malignant pleural
fluid weresignificantly elevated compared with
that of benign effusions (Table 2). Only one
false positive was encountered for CEA (8 ng/
ml) in the case of a patient with empyema. In
malignant pleural effusion due to NHL and
mesothelioma, CEA was not elevated. From
Figure 2, it can be seen that while malignant
effusion may have alower CEA level, benign
effusions very rarely show diagnostically high
levels of CEA.

There is no correlation between serum CA-
125 and pleural fluid CA-125 in benign or

raabientaty condtitionss G0 &adidn
between the CEA and CA 125 in malignant
effusions (r=0.035). There was statistical
significance in the difference between the serum
valuesin benign and malignant conditions.

DISCUSSION

Several authors have suggested using different
tumour markersin pleural fluid to complement
the cytological diagnosis of malignant pleural
effusion. The purpose of this study was to
determinethe usefulness of the tumour markers
CEA and CA-125 in diagnosing malignant
pleural effusion that are routinely carried out in
our laboratory.

CEA isan oncofoetal proteinthat isfound to
be elevated in the serum in colorectal,
gastrointestinal,lung and breast carcinomas. In
this study, the sensitivity of CEA (64%) was
concordant with previous data that reported
sensitivities around 50-60% in malignant
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TABLE 1: Diagnosisin patients with pleural effusions

Diagnosis n

Benign

Cardiac Failure
Pneumonia
Tuberculosis
SLE

Empyema
Pancreatitis
Cirrhosis of Liver

Malignant

Adenocarcinoma of Lung
Poorly differentated Carcinoma
Squamous cell carcinoma
Mesothelioma
Adenocarcinoma of other organ
Non-Hodgkin's Lymphoma

Total 78

TABLE 2: CA-125 and CEA levels expressed as median and ranges () in malignant
and benign pleura effusions

n CEA CA 125
ng/ml IU/ml
Malignant
Benign
Statistical significance (P) <0.0001 <0.004

TABLE 3: Sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) of CEA, CA-125, and CEA + CA-125

Sensitivity  Specificity PPV NPV

CEA
CA125

CEA + CA-125
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CA-125 in pleural fluid of different conditions

FIG. 1: CA-125 levelsin benign and malignant pleura effusion. Benign: | = CCF, 2=Tuberculoss,
3 = Pneumonia, 4 = SLE, 5 = Empyema, 6 = Cirrhosis, 7 = Pancreatitis. Malignant:
8=Adenocar cinoma, 9= Poorly differ entiatedcar cinoma, 10=M esothelioma, 11 = Squamous
cell carcinoma, 12 = Secondaries, 13 = NHL

Benign Malignant

FIG.2: CEA levelsin benignand malignant pleural effusion.
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FIG. 3. CEA levelsin different malignancies. 1 = Adenocarcinoma. 2 = Poorly differentiated carcinoma.
3= Mesothelioma,4 = Squamouscdl| carcinoma. 5 = Secondaries. 6 = NHL

effusions.’ The highest level of CEA was
logically observed in carcinomas, while much
lower values were observed in NHL and
mesothelioma; this finding is also in agreement
with previous studies.”

It is well known from immunohistochemical
studies, that the mesothelial cells of the pleura
and peritoneum™ express CA-125. It has also
been reported that the CA-125 levels in pleural
fluid from lung adenocarcinoma and
mesotheliomas were significantly higher than
those in benign effusion.* In our series, the
observed values of CA-125 in pleural tluid
appeared to be significantly higher compared
with the corresponding values observed in the
serum of benignand malignant effusions. Indeed
the determined cut-off value in pleural fluid of
benign effusions was 1707 IU/ml; in contrast,
the serum cut-off value is only 35 IU/ml. The
large amounts of CA-125 in pleural fluid
originate from mesothelial cells’. Mezer et al *
reported that the mean CA-125 valuesin effusion
fluid were 512 U/L in benign and 812 U/L in
malignant effusion. Sincethere was no significant
difference between both the groups either for
serum or for effusion fluid, they did not
recommend CA-125 as a useful diagnostic tool.
Kandylis et al '" found in their study that CA-
125 in pleura fluid had a sensitivity of 93%;
however, the specificity was very low at 29%.
They concluded that CA-125 on its own was
insufficient to discriminate malignant from

benign effusion.

In the present study we found that, although
there wasasignificant difference in pleural fluid
CA-125levelsin benign and malignant effusions
(p<0.004), the sensitivity and specificity were
36% and 94% respectively, which were lower
than that of CEA. The low sensitivity could be
explained by the high cut-off value. CA-125
was elevated in three cases of benign effusion.
These casesincluded patients with tubercul osis,
pneumonia and end stage rena failure patient
who was on peritoneal dialysis. Filiz Kuralay et
al'' also observed high CA-125 in tuberculous
effusions.

CEA appears to have a better sensitivity
(64%) and specificity (98%) than CA-125 in the
diagnosis of malignant effusions, with a positive
predictive value of 94%. We conclude that a
good clinical strategy for diagnosing malignant
pleural effusion would beto begin with the CEA
assay. If it is negative, CA-125 assay can be
added to improve the sensitivity of detection.
The combination of the tumour markers CEA
and CA-125 gives a specificity of 72% and
increases the sensitivity to 92.4%. The use of
combinations may therefore enhance the
prediction of probability of malignancy.

In our case of mesothelioma and NHL, both
CEA and CA-125 levels in pleural fluid were
below the cut-off value except in one case of
NHL. The combination of tumour markers did
not increase the probability of diagnosing
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malignant pleural effusion. Moreover, in view
of the fact that the prevalence of neoplastic
pleural effusion is higher among patients older
than 50," routine assay of thesetumour markers
may be limited to patients older than the age of
50 with pleural exudate. Thiswould enhancethe
positive predictive value, reduce false positive
results and be more cost effective.

It must be stressed that the high levels of
CEA and CA-125 in pleura fluids can only
positively predict the presence of malignancy
and the latter needs cytological or histological
confirmation. Besides, increased CEA and CA-
125levelsdo not allow for typing of the tumour.
This must be made again histologically or
cytologically. Whatever the aetiology of
malignant effusion, the ultimate diagnosis still
relies on cytological or histological study. In
clinical practice therefore the cost effectiveness
of measurement of these tumour markers remains
questionable and should be verified by further
studies.
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