
Abstract. Background: The aim of the present study was to
evaluate the diagnostic value of the tumour markers
carcinoembryonic antigen (CEA), carbohydrate antigens CA
125, CA 15.3, CA 19.9 and tumor-associated glycoprotein 72
(TAG 72) in the pleural fluid (PF) of patients with pleural
effusions of different etiologies. Patients and Methods: One
hundred and fifty-five patients with pleural effusions (40
malignant, 84 benign and 31 paraneoplastic) were studied
prospectively. The concentration of the tumour markers in
serum and PF were measured by magnetic particle enzyme
immunoassay. The PF to serum (PF/S) concentration ratios
were calculated. Results: The concentrations of CEA, CA 15.3,
CA 19.9 and TAG 72 in PF and the PF/serum ratios were
significantly higher in effusions of malignant and
paraneoplastic origin than in those of benign origin. The
receiver operating characteristic (ROC) curves were
calculated for each marker and the diagnostic cut-off point
was selected as the value that offered a specificity of 100%
(CEA: 6.5 ng/ml; CA 15.3: 62.4 IU/l; TAG 72: 10.9 IU/l). CEA
presented the greatest sensitivity [45% in the malignant group,
38.7% in the paraneoplastic group, and 41.4% in the pooled
group (combined malignant and paraneoplastic)]. TAG 72
presented the largest area under the curve (0.89 in the
malignant group and 0.80 in the pooled group). The diagnostic
efficacy of the PF/S ratios was not better than measurement
of the tumour markers in pleural fluid. The highest diagnostic
accuracy for the diagnosis of malignant pleural effusions was
achieved by grouping the markers in a panel comprising CEA,
CA 15.3 and TAG 72; this showed a sensitivity of 75% and a
negative predictive value of 79.1% . In the subgroup of patients

with negative cytology, the sensitivity was 41.2% for CEA,
35.5% for CA 15.3 and 33.3% for TAG 72. The combination
of these three markers achieved a sensitivity of 84.6% .
Conclusion: The combined measurement of CEA, CA 15.3 and
TAG 72 in pleural fluid is a useful complementary test in the
differential diagnosis of pleural effusions of malignant origin.

Malignant disease affecting the pleura constitutes one of the
principle causes of pleural effusion. More than 90% of
malignant effusions are due to metastatic disease, usually
from primary tumours in the lung or breast. Cytology is the
most common diagnostic method. However, despite its high
specificity, it has a sensitivity of only 40% to 70% (1),
frequently making invasive procedures such as thoracotomy
or thoracoscopy necessary in order to take biopsies; this
enables the diagnosis to be established in 95% of cases but
at the expense of a higher morbidity (2).
The measurement of tumour markers (TM) in the pleural

fluid (PF) can be useful for the diagnosis of malignant effusions.
It represents a noninvasive alternative or complementary test in
the study of these processes. It is not known which TM or group
of TMs has the greatest diagnostic value and studies published to
date have not provided conclusive results. In addition, the
methodology used in many cases does not enable us to establish
comparisons between the TMs. There are differences in the
patient selection criteria, tumour types and in the diagnostic cut-
off points used (3-9). Furthermore, the simultaneous
measurement of a number of TMs has been proposed, but it is
not known which combination of markers will have the highest
diagnostic capacity. Other authors recommend the simultaneous
measurement of tumour markers in PF and serum with analysis
of the PF/serum (PF/S) ratio, although they have not found
results that clearly improve the diagnosis (5, 6, 9-11).
In the present study, the concentrations of carcinoembryonic

antigen (CEA), Carbohydrate Antigens CA 125, CA 15.3, CA
19.9 and tumor-associated glycoprotein 72 (TAG 72) have been
analysed in pleural fluid and serum, and the PF/S ratio has been
calculated. The objective was to determine the value of these
TMs as indicators of the malignant origin of a pleural effusion.
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Patients and Methods

A prospective study was carried out of 155 consecutive patients with
pleural effusion seen in the Internal Medicine Department of our
hospital between January 2003 and December 2004. The patients
were divided into three groups according to the type of effusion:
malignant, paraneoplastic or benign. An effusion was classified as
malignant if tumour cells were found in the fluid or in the pleural
biopsy. The effusions were classified as paraneoplastic if the
cytology was negative but they occurred in patients with a known
metastatic primary tumour and after the exclusion of benign pleural
disease. A benign effusion was diagnosed when previously
established criteria were satisfied (12, 13).
The study population was made up of 155 patients (100 men and

55 women). The mean age was 68 years (range 17-91 years). There
were 40 effusions of malignant origin (21 men and 19 women;
median age 70 years), 31 of paraneoplastic origin (25 men and 6
women; median age 66 years) and 84 of benign origin (54 men and
30 women; median age 69 years).
Serum and PF samples were obtained simultaneously from each

patient CEA, CA 125, CA 15.3, CA 19.9 and TAG 72 were
measured in both samples using a magnetic separation enzyme
immunoassay method (Inmuno 1, Bayer Terrytown, Chicago, IL,
USA) according to the manufacturer’s instructions. The PF/serum
ratios were also calculated.
The concentrations of the TMs did not have a normal distribution

according to the Kolmogorov-Smirnov test. The medians and
interquartile range have therefore been used to present the distribution
of the TM values. The Kruskall-Wallis and Mann- Whitney tests were
used for comparisons between groups of patients. The receiver
operanting characteristics (ROC) curves were drawn and the areas
under the curve (AUC) were calculated in order to determine the
diagnostic value of each marker in PF; the AUCs were compared using
the Hanley and McNeil procedure (14). The sensitivity, specificity and
predictive values were calculated for each TM. The cut-off point (level
of optimal diagnostic value) for each TM was selected at the value that
offered a specificity of 100% (5, 8, 9). In this way, false-positives can
be avoided in patients with an effusion of benign aetiology (15). In
the case of CA 125, due to the low reliability found, the value that
showed maximum efficacy (sensitivity by specificity) on the ROC
curve was used. The SPSS statistical package version 12.0 (SPSS Inc.,
Chicago, IL, USA) and MedCalc 7.5 (MedCalc Software, Mariakerke,
Belgium) were used for the statistical analysis.

Results

The aetiology of pleural effusions (PE) is shown in Table I.
The median and interquartile range for each marker in PF
and serum and the values of the PF/S ratios are shown in
Table II. The concentrations of the tumour markers in
effusions of malignant and paraneoplastic origin were
significantly higher than in the benign effusions. The ratios
of each marker were also significantly higher in the
malignant and paraneoplastic effusions than in the benign
effusions (Table II). The only exception was CA 125; the
concentrations of this marker were similar in the three types
of pleural effusion studied. This marker was therefore not
included in the subsequent phases of the study.

Table III shows the AUC values for CEA, CA 15.3, CA 19.9
and TAG 72 in PF. The cut-off points selected for each TM to
obtain a specificity of 100% are also shown, together with the
sensitivity and negative predictive values (NPV) obtained.
CEA presented the highest sensitivity: 45% in the malignant
group, 38.7% in the paraneoplastic group and 41.4% in the
pooled group (combined malignant and paraneoplastic effusion
groups); and TAG 72 the best AUC: 0.80 for the pooled group
and 0.89 for malignant effusions (Table III). In the case of
CA 125, the cut-off point for greatest efficacy was 902 IU/l
and, at this value, the sensitivity was 50.7% , with a specificity
of 69.1% and AUC of 0.61.
The results obtained after grouping the TMs into panels

of markers were analysed . The TM panel which showed the
greatest efficacy comprised CEA, CA 15.3 and TAG 72. At
least one of the three markers was altered in 28 patients
(87.5% ) in the group of malignant effusions, in 15 patients
(60% ) with paraneoplastic effusions and in 42 (75% ) in the
pooled group (Table IV).
The AUC value of the PF/S ratios of these markers and

their sensitivities and NPVs are shown in Table V. In all
cases, the sensitivities obtained with the ratios were lower
than those obtained with the markers measured individually
in PF. In addition, CEA, CA 125 and CA 19.9 showed
similar AUCs with PF and with the PF/S ratio. In contrast,
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Table I. Aetiological classification of the pleural effusions studied.

Aetiology Number %
of cases

Malignant 40 25.8
Lung 16 10.3
Breast 4 2.6
Ovary 4 2.6
Lymphoma 3 1.9
Mesothelioma 7 4.5
*Other 6 3.9

Probably malignant 31 20.0
Lung 18 11.6
Breast 2 1.3
Lymphoma 2 1.3
**Other 9 5.8

Benign 84 54.2
Parapneumonic 23 14.8
Tuberculosis 17 11.0
Transudates: 11 heart failure, 2 cirrhosis 13 8.4
Miscellaneous 31 20.0

Total 155 100

*1 Stomach, 4 unknown, 1 cervix. **1 Parathyroid, 1 sarcoma, 1
pancreas, 1 renal, 1 kaposi, 2 prostate, 1 colon, 1 hepatocellular.
Miscellaneous: 1 postsurgical, 3 idiopathic, 8 non-specific, 9 unknown,
1 systemic lupus erythematosus, 1 nephrotic syndrome, 2 pancreatitis, 3
infectious, 1 empyema, 1 abscess and 1 pneumonia.



the AUC values for CA 15.3 and TAG 72 in PF were
significantly higher (p<0.001 and p=0.013, respectively)
(Figure 1).
Cytology of the pleural fluid was positive in 23 out of the

40 patients with malignant effusions, indicating a sensitivity
of 57.5% ; the remaining 17 patients with malignancy who
presented a negative cytology were diagnosed by thoracoscopy
or thoracotomy. The sensitivity and NPV of the TMs for
detecting malignant disease were slightly higher in the group
of patients with positive cytology (sensitivity of 47.8% for
CEA, 43.5% for CA 15.3, 31.8% for CA 19.9 and 57.1% for
TAG 72) than in the group with negative cytology (sensitivity
of 41.2% for CEA, 35.5% for CA 15.3, 0% for CA 19.9 and
33.3% for TAG 72) (Table VI). A combination of the three
TMs reached a sensitivity of 89.5% in the group with positive
cytology and 84.6% in the group with negative cytology.

Discussion

The diagnosis of malignancy in pleural effusions continues to
be a challenging clinical problem (16-18). In recent years, a
number of studies have been published on the utility of
measurement of TMs in the pleural fluid (5-9, 19-21). The
search continues to increase the ability to diagnose the presence
of a malignant effusion and to select those patients in whom it
will be necessary to perform more aggressive procedures, such
as thoracoscopy or thoracotomy and pleural biopsy (18).

In our study, we have shown that the sensitivity of each of
the TMs for detecting a malignant infusion, measured
individually in the PF, is limited. The results ranged between
18% for CA 19.9, the worst, and 45% for CEA, the best.
These are obviously poor results. However, we also found
that the data improved significantly on grouping the markers
into TM panels. The combination which showed the greatest
efficacy was the panel formed by CEA, CA 15.3 and TAG 72.
A rise in at least one of the three TMs was found in 28
patients (87.5% ) in the group of malignant effusions, in 15
patients (60% ) with paraneoplastic effusions and in 42
(75% ) in the pooled group. These results are comparable to
those published by other authors. Similar sensitivities
(between 17% and 30% ) were achieved in a study by Porcel
et al. (8); the combination of four of their markers (CEA, CA
125, CA 15.3 and CYFRA 21-1) increased the sensitivity to
54% , which is similar to the sensitivity of cytology. Likewise,
Ferrer et al. (5) found a sensitivity of 65% with a specificity
of 100% with a combination of CYFRA 21-1, CEA and CA
125. Trapé et al. (9) achieved sensitivities of 91% with the
combination of CEA, CA 125, CA 15.3, CA 19.9 and
CYFRA 21-1; furthermore, when they associated this with
cytology, the diagnostic value rose to 94% .
It is known that the sensitivity of the TMs in PF is closely

related to the type of tumour. The most common tumours in
our series were those of lung and breast cancer, which are the
highest secretors of CEA, although there was also a group of
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Table II. Concentrations of the tumour markers in pleural fluid (PF) and in serum, and the PF/serum (PF/S) ratio classified according to the
aetiological group.

Tumour marker Malignant Paraneoplastic Benign p-Value

CEA
PF 5.2 (0.71-51.5) 2.5 (0.7-37.4) 1.1 (0.5-2.1) <0.001a,b
Serum 1.9 (0.9-3.2) 2.1 (0.57-2.8) 1.6 (0.7-2.85) 0.387
PF/S ratio 1.33 (0.55-9.1) 1.5 (0.83-3.45) 0.66 (0.39-0.95) <0.001a,b

CA 12.5
PF 1124 (330-2399 ) 734 (300.2-1278) 522 (257-977) 0.039a
Serum 78 (27.5-283) 73 (25.2-218) 60.5 (29.7-170.5) 0.501
PF/S ratio 7.32 (4.17-24.95) 8.35 (5.2-21.6 ) 9.93 (5.20-21.6) 0.251

CA 15.3
PF 40.77 (17.8-117) 23.7 (11.7-83.2) 11.3 (6.7-19.4) <0.001a,b
Serum 27.6 (20.3-53.5) 32 (21.9-54.9) 19 (12.7-26) <0.001a,b
PF/S ratio 1.13 (0.66-2.71) 0.74 (0.42-1.12 ) 0.66 (0.42-0.87) 0.002a

CA 19.9
PF 4.7 (2.0-26.2) 5.3 (2.5-34.5 ) 2.6 (1.5-6.6) 0.007a,b
Serum 11.5 (5.5-21.0) 16.7 (3.9-68.5 ) 10.0 (3.5-22.9) 0.197
PF/S ratio 0.60 (0.25-1.55) 0.42 (0.18-2.54) 0.33 (0.14-0.60) 0.024a

TAG 72
PF 8.7 (1.7-92.1) 0.6 (0.3-6.7) 0.3 (0.3-0.6) <0.001a,b,c
Serum 1.75 (0.42-9.5) 1.2 (0.6-1.9) 0.3 (0.3-0.85) <0.001
PF/S ratio 4.5 (1.0-17.0 ) 0.68 (0.38-3.27) 0.66 (0.31-2.0) 0.007a,c

The median and interquartile range (25th and 75th centiles) are given for each marker. PF/S ratio, Pleural fluid/serum ratio. Difference between
amalignant and benign, bparaneoplastic and benign, cmalignant and paraneoplastic.



mesotheliomas and lymphomas. The sensitivity of CEA for
lung cancer in our series was of 54.5% , compared to 30.3%
with CA 15.3 and 40.9% with TAG 72. The combination of
these three markers in lung cancer increased the diagnostic
sensitivity to 73.3% . In the study by Ferrer et al. (5), the
patients presented approximately the same tumour frequencies
to those in our study, and the results obtained were similar.
The sensitivity of CEA and TAG 72 in mesotheliomas was
0% , whereas that of CA 15.3 rose to 42.9% .
Other authors, such as Paganuzzi et al. (22) also found a

very low sensitivity for CEA in mesotheliomas, and the
absence of this TM in the PF in association with a high
CA 15.3 could be suggestive of pleural mesothelioma.
We analysed the results provided by the ratio between the

concentrations of the TM in PF and in serum. A high ratio
could suggest local production by a pleural tumour rather than
passive diffusion from the serum. Few articles have been
published about the utility of these ratios. Trapé et al. (9)
analysed TMs in pleural and ascitic fluid and found that the
combination of a PF/serum ratio greater than 1.2 and a value
of the marker in PF above the normal level stated for serum
was suspicious of malignancy. We have not been able to
confirm these results in our series: the PF/S ratios did not offer
better results than the TMs measured in PF and, in fact, the
AUCs of the ratios were slightly lower than those of the TMs
in PF. The study by Trapé et al. also included measurements in
ascitic fluid, making it difficult to interpret the results.
A relevant clinical question is the role of tumour markers in

diagnosing malignant pleural effusions in patients with negative
cytology. We have demonstrated that the panel of tumour
markers formed by CEA, CA 15.3 and TAG 72 correctly
detected the malignant origin in more than 84% of these cases
and that this result reflects a slightly lower sensitivity than that

offered by the panel in effusions with positive cytology.
Specifically, in 11 out of 13 patients with a cytologically
negative malignant pleural effusion, the level of at least one of
the tumour markers was raised above the selected cut-off value.
In this group of tumours, there were seven cases of
mesothelioma, six of lung cancer, one breast cancer and three
lymphomas. Data from other studies are less optimistic,
reporting the identification of 56% (3) to 58% (5) of
malignant pleural effusions with negative cytology findings
through the use of different tumour marker panels. We would
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Table IV. Sensitivity and negative predictive value of the combinations of
tumour markers in the pleural fluid for the diagnosis of malignant
disease.

Tumour marker Sensitivity (95% CI) NPV (95% CI)

CEA+CA15.3
Pooled 59.4 (47.8-71.0) 74.7 (66.7-82.8)
Malignant 70.0 (55.8-84.2) 87.4 (80.7-94.1)
Paraneoplastic 46.7 (28.8-64.5) 83.8 (76.6-91.1)

CEA+CA19.9
Pooled 45.6 (33.8-57.4) 67.3 (58.6-75.9)
Malignant 47.5 (32.0-63.0) 78.4 (70.2-86.6)
Paraneoplastic 44.8 (26.7-62.4) 82.6 (74.9-90.4)

CEA+TAG 72
Pooled 62.8 (49.5-76.0) 73.6 (63.4-83.8)
Malignant 71.4 (54.7-88.2) 86.9 (78.4-95.4)
Paraneoplastic 54.2 (34.2-74.1) 82.8 (73.6-92.1)

CEA+CA15.3+TAG 72
Pooled 75.0 (63.7-86.3) 79.1 (69.4-88.8)
Malignant 87.5 (76.0-99.0) 93.0 (86.4-99.6)
Paraneoplastic 60.0 (40.8-79.5) 84.1 (71.1-93.2)

CI: confidence interval; NPV: negative predictive value.

Table III. Areas under the curve and sensitivity of the tumour markers in pleural fluid for the diagnosis of malignancy.

Tumour marker AUC (95% CI) Cut-off (95% CI) Sensitivity NPV (95% CI)

CEA
Pooled 0.69 (0.60-0.78) 6.5 41.4 (29.9-53.0) 67.2 (59.0-75.4)
Malignant 0.71 (0.60-0.82) 6.5 45.0 (29.6-60.4) 79.3 (71.5-87.0)
Paraneoplastic 0.67 (0.55-0.80) 6.9 38.7 (21.6-55.9) 81.6 (74.1-89.0)

CA 15.3
Pooled 0.78 (0.70-0.85) 62.4 34.8 (23.5-46.0) 64.8 (56.6-73.1)
Malignant 0.82 (0.73-0.90) 62.4 40.0 (24.8-55.2) 77.6 (69.7-85.5)
Paraneoplastic 0.73 (0.61-0.84) 72.6 26.7 (10.8-42.5) 79.1 (71.3-86.8)

CA 19.9
Pooled 0.66 (0.56-0.75) 103 19.7 (10.1-29.3) 58.9 (50.4-67.4)
Malignant 0.64 (0.53-0.75) 103 18.4 (6.1-30.6) 71.0 (62.4-79.6)
Paraneoplastic 0.66 (0.54-0.78) 109 20.7 (6.0-35.4) 76.8 (68.5-85.1)

TAG 72
Pooled 0.80 (0.70-0.90) 10.9 38.5 (23.2-53.7) 68.8 (58.5-79.2)
Malignant 0.89 (0.81-0.98) 10.9 47.8 (27.4-68.2) 81.5 (72.1-91.0)
Paraneoplastic 0.65 (0.48-081) 11.2 23.5 (3.4-43.7) 80.3 (70.7-89.9)

Pooled: malignant + paraneoplastic vs benign. AUC: area under curve; CI: confidence interval; NPV: negative predictive value.
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Table V. Areas under the ROC curve and sensitivity of the pleural fluid/serum ratios for the diagnosis of malignancy.

Tumour marker AUC (95% CI) Cut-off Sensitivity (95% CI) NPV (95% CI)

CEA
Pooled 0.75 (0.67-0.83) 4.5 27.3 (16.5-38.0) 60.0 (51.2-68.8)
Malignant 0.71 (0.60-0.82) 4.5 35.1 (19.8-50.5) 75.0 (66.3-83.7)
Paraneoplastic 0.80 (0.55-0.80) 4.5 20.0 (5.7-34.3) 75.0 (66.3-83.7)

CA 15.3
Pooled 0.64 (0.55-0.74) 3.3 15.6 (67.3-24.5) 58.8 (50.4-67.2)
Malignant 0.71 (0.60-0.82) 3.3 19.4 (6.5-32.4) 72.6 (64.2-81.1)
Paraneoplastic 0.57 (0.45-0.70) 3.7 10.3 (0.0-21.4) 74.8 (66.4-83.2)

CA 19.9
Pooled 0.64 (0.54-0.74) 9.6 16.1 (6.5-25.7) 59.8 (51.0-68.7)
Malignant 0.66 (0.55-0.78) 9.6 15.2 (2.9-27.4) 71.4 (62.5-80.4)
Paraneoplastic 0.61 (0.46-0.75) 33 17.4 (1.9-32.9) 78.7 (70.1-87.2)

TAG 72
Pooled 0.68 (0.54-0.82) 20.1 19.4 (5.5-33.3) 51.9 (38.3-65.5)
Malignant 0.79 (0.64-0.93) 20.1 23.5 (3.4-43.7) 67.5 (53.0-82.0 )
Paraneoplastic 0.55 (0.35-074) 32.7 14.3 (0.0-32.6) 69.2 (54.8-83.7)

CI: Confidence interval; AUC: area under curve; NPV: negative predictive value.

Table VI. Sensitivity and NPV of tumour markers grouped according to cytology in malignant pleural effusions.

Tumour marker Positive cytology (n=23)* Negative cytology (n=17)**

Sensitivity NPV Sensitivity NPV

CEA 11/23 (47.8% ) 84/96 (87.5% ) 7/17 (41.2% ) 84/94 (89.3% )
CA 15.3 10/23 (43.5% ) 83/96 (86.4% ) 6/17 (35.5% ) 83/94 (88.2% )
CA 19.9 7/22 (31.8% ) 76/91 (83.5% ) 0 0
TAG 72 8/14 (57.1% ) 53/59 (89.8% ) 3/9 (33.3% ) 53/59 (89.8% )
CEA/CA 15.3/TAG 72 17/19 (89.5% ) 53/55 (96.3% ) 11/13 (84.6% ) 53/55 (96.3% )

NPV: Negative predictive value. *10 lung, 3 breast, 4 ovary, 4 unknown, 1 cervix, 1 stomach; ** 7 mesothelioma, 6 lung, 1 breast, 3 lymphoma.

Figure 1. ROC curve for (A) CA 15.3 in PF (AUC=0.78) and PF/S ratio (AUC=0.64) p<0.001; and (B) for TAG 72 in PF (AUC=0.80) and PF/S
ratio (AUC=0.68) p=0.013.



in no way suggest substitution of the histological demonstration
of malignancy by the measurement of tumour markers in the
pleural fluid in suspected malignant pleural effusions with
negative cytology. The gold standard for the diagnosis of
malignancy remains the cytological or histological
demonstration of malignant cells, and tumour markers can at
best suggest a diagnosis (23, 24). However, the invasiveness
and the lack of universal accessibility to thoracoscopy have led
to a steady increase in the use of noninvasive tests and pleural
tumour markers may help to select the patients in whom a
thoracoscopic procedure should be performed.
Taken together, our results demonstrate that the measurement

of pleural tumour markers has a limited but not negligible value
in the workup of pleural effusions. Obviously, the routine or
indiscriminate determination of a panel of tumour markers in
all pleural fluid samples is probably not cost-effective and
cannot be recommended. Instead, we advocate a limited-testing
strategy dictated by factors such as previous estimates of the
likelihood of malignancy or the availability of thoracoscopy. In
conclusion, the diagnostic value of the panel of tumour markers
is similar to that of cytology; although it falls short of
perfection, it may improve our ability to get the diagnosis of
malignancy right. We recommend the use of such a panel in
patients who have clinical data suggestive of a malignant pleural
effusion but negative cytology on analysis of the pleural fluid. In
this situation, an elevation in the pleural tumour markers may
indicate the need for confirmatory pleural biopsy.
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