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Abstract

Background: Pleural effusions present a diagnostic challenge. Approximately 20% are associated with cancer and
some 50% require invasive procedures to perform diagnosis. Determination of tumour markers may help to identify
patients with malignant effusions. Two strategies are used to obtain high specificity in the differential diagnosis of
malignant pleural effusions: a) high cut-off, and b) fluid/serum (F/S) ratio and low cut-off. The aim of this study is to
compare these two strategies and to establish whether the identification of possible false positives using benign
biomarkers – ADA, CRP and % of polymorphonuclear cells – improves diagnostic accuracy.

Methods: We studied 402 pleural effusions, 122 of them malignant. Benign biomarkers were determined in pleural
fluid, and CEA, CA72-4, CA19-9 and CA15-3 in pleural fluid and serum.

Results: Establishing a cut-off value for each TM for a specificity of 100%, a joint sensitivity of 66.5% was obtained. With
the F/S strategy and low cut-off points, sensitivity was 77% and specificity 98.2%, Subclassifying cases with negative
benign biomarkers, both strategies achieved a specificity of 100%; sensitivity was 69.9% for single determination and
80.6% for F/S ratio.

Conclusions: The best interpretation of TM in the differential diagnosis of malignant pleural effusions is obtained using
the F/S ratio in the group with negative benign biomarkers.
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Background
Pleural effusions present a diagnostic challenge. Between
15 and 30% are associated with cancer and between 40
and 60% require invasive procedures to perform diagnosis
[1–3]. The clinical utility of tumour markers (TM) in the
differential diagnosis of malignancy in pleural effusions is
controversial. In the literature a wide range of sensitivity,
specificity and cut-off values have been reported [4–6],
but it is very difficult to establish criteria that can be used
in routine practice. Several studies have used a single
determination of tumour markers in pleural effusions, but

establishing cut-off points is problematic – among other
reasons, because different types of immunoassay kits
obtain different concentrations in the same samples [7].
Equally, the cut-off points may differ according to the

aim of the study [8–10].
Another cause of discrepancy between studies is found

in the types of benign diseases recorded. It has been
reported that tuberculosis, complicated parapneumonic
effusions and empyemas may have high concentrations
of tumour markers in pleural fluid, related to the inflam-
mation of the mesothelial cells or nearby tissues [11–14]..
Adenosine deaminase (ADA), C Reactive Protein (CRP)
and granulocyte count are all used in the differential diag-
nosis of tuberculous effusions, parapneumonic effusions
and empyema [15–21].

* Correspondence: jtrape@althaia.cat
1Department of Laboratory Medicine, Althaia Xarxa Assistencial Universitària
de Manresa, Dr Joan Soler 1-3, 08243 Manresa, Catalonia, Spain
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Trapé et al. Respiratory Research  (2017) 18:103 
DOI 10.1186/s12931-017-0582-1

http://crossmark.crossref.org/dialog/?doi=10.1186/s12931-017-0582-1&domain=pdf
mailto:jtrape@althaia.cat
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


Paramalignant effusions represent another source of
discrepancy. Patients with these effusions have cancer,
but no neoplastic cells are present in the pleural meso-
thelium; however, patients may have high concentrations
of tumour markers in serum. So, tumour markers may
be found in effusion fluids alongside other macromole-
cules such as albumin, and they may be present in high
concentrations in the pleura. Other benign diseases with
high serum concentrations of tumour markers may
present similar behaviour [22].
Therefore, in order to obtain high specificity using

only values of TM in effusion, high cut-off points have
usually been used. However,, our group described a
strategy based on two criteria including a low cut-off
and the fluid/serum (F/S) ratio [23]. Analysing three
types of effusion and using a combination of CEA,
CA15-3 and CA19-9, we obtained a sensitivity of 76.2%
and a specificity of 97%. Likewise, subclassifying these
effusions according to their ADA, CRP and % of poly-
morphonuclear cells (%PN) value, patients with negative
ADA, CRP and %PN obtained a sensitivity of 80% and a
specificity of 100% with the F/S ratio >1.2.
The aim of the present study was to compare the diag-

nostic accuracy of these two strategies: a cut-off point
for each tumour marker in fluid effusion to obtain max-
imum specificity, and the F/S ratio in pleural effusions
in order to validate previous results. We also intended to
establish whether the classification in groups according
ADA, CRP and % of polymorphonuclear cells, might
help to improve diagnostic accuracy.

Methods
From January 2008 to December 2012, fluid and serum
samples were collected from consecutive patients of all
medical specialties at our center who presented pleural
effusions. Diagnostic procedures were performed by
assessors who were blind to the study data.
The reference method used was pathological confirm-

ation of cancer in serous effusions or definitive diagnosis
assessed during the three months following the deter-
mination of TM. Serous effusions were defined as malig-
nant when the presence of neoplastic cells was detected
by cytology, biopsy or autopsy. Paramalignant effusions
were defined as effusions in which no neoplastic cells
were detected by any of the methods described above in
patients diagnosed with cancer.
In order to identify benign effusions we determined

the following test in fluid and/or serum: protein, albu-
min, Nt-ProBNP, LDH, microbiological cultures, and if
necessary antinuclear antibodies, anti-cyclic citrullinated
peptide, rheumatoid factor, thyrotropin, and serological
tests for viruses, bacteria and fungi.
Effusion fluid and serum samples were collected and

analysed on the same day. CEA, CA15-3, CA 72–4 and

CA19-9 were determined using an electrochemilumines-
cence method on a Cobas 601 analyser (Roche Diagnos-
tics, Barcelona, Spain). The analytical variation
expressed as the between-assay coefficient of variation
was 5.0, 3.0, 4.2 and 4.5% for CEA, CA15-3, CA72-4 and
CA 19–9 at concentrations of 5 μg/L, 32 KU/L, 8.3 KU/L
and 29 KU/L respectively. In the first approach, using a
single determination in pleural fluid, we established the
cut-off for each TM at a specificity of 100% with the ROC
curve. For the second approach, simultaneous determina-
tions were performed in fluid and serum; effusions were
considered malignant when at least one of these TM CEA,
CA15-3, CA72-4 or CA19-9 in fluids were above the URL
and the F/S ratio was above 1.2. TM in serum were deter-
mined only in patients presenting TM values in pleural
fluid above the upper reference limit (URL) in serum
(5 μg/L for CEA; 30KU/L for CA15-3; 6.9KU/L for CA72-
4, and 37KU/L for CA19-9).
The criteria used to suggest that an effusion might be

a false positive (i.e., empyema, complicated parapneumo-
nic or tuberculous) were %PN > 90, CRP > 50 mg/L or
ADA >45U/L [20]. The use of the biomarkers ADA,
CRP and %PN identified two groups of effusions: group
A, effusions with all biomarkers below the cut-off point,
and group B, effusions with at least one positive
biomarker. ADA (EC3.5.4.4) (ITC Diagnostics, Barcelona,
Spain) and CRP (Tina-quant CRP latex, Roche Diagnostics,
Barcelona, Spain) were determined in an LX-20 autoanaly-
ser (Beckman Coulter Madrid, Spain). Leukocyte count was
performed in a Neubauer chamber and May-Grünwald-
Giemsa stain. The analytical variation expressed as the
between-assay coefficient of variation was 7.4% for ADA
and 2.3% for CRP at concentrations of 10.3 U/L and
76.6 mg/L respectively.

Statistical analysis
ROC analysis was used to establish cut-off points for
each TM at a specificity of 100%.
Sensitivity, specificity, negative predictive values

(NPV) and positive predictive values (PPV) were calcu-
lated for each TM and for the combination of TM. All
statistical analyses were performed using IBM® SPSS®
Statistics for Windows v.20 (IBM Corporation, Armonk,
New York, USA) and Stata® v.10 (StataCorp LP, College
Station, Texas, USA).

Results
A total of 402 consecutive pleural effusions were in-
cluded, from 148 women and 254 men with ages ranging
from 15 to 93 years (mean 72.2; SD 14.2). Out of the ef-
fusions assessed, 280 (69.7%) had a benign aetiology and
122 (30.3%) were malignant (Table 1). The effusions
were classified in two groups: group A, those with ADA
< 45 U/L, CRP < 50 mg/L and %PN < 90%, and group B,
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those with at least one of the following: ADA >45 U/L,
CRP > 50 mg/L and %PN > 90% (Table 1). Figures. 1a
and b show the flow charts of participants in this study.
The cut-offs with a specificity of 100% obtained with a

single determination in pleural effusions were 80 KU/L,
60 μg/L, 209 KU/L and 21 KU/L for CA15-3, CEA,
CA19-9 and CA72-4 respectively. For the whole group
(Fig. 1a) the sensitivity for all effusions with at least one
tumour marker above the cut-off was 63.9%, compared
with 51.4% in the group of patients with negative cy-
tology (Tables 2 and 3). The alternative approach (at
least one TM above the URL measured in pleural effu-
sion and F/S ratio >1.2) had a sensitivity of 77%, a

specificity of 98.2%, an NPV of 90.7% and a PPV of
94.7%; the corresponding results for patients with nega-
tive cytology were 71.4, 98.2, 93.2 and 90.9%. When sub-
classifying according to ADA, CRP, and %PN (Fig. 1b) in
group A specificity reached 100% and sensitivities were
69.9% for the whole group and 54.5% in patients with
negative cytology using a single cut-off. Using the F/S
ratio strategy, specificity reached 100% and sensitivities
were 80.6% for the whole group and 72.7% in patients
with negative cytology (Tables 2 and 3). In group B, sen-
sitivity fell by more than 6% in both whole group and
negative cytology for the two strategies. In addition,
using the F/S ratio the specificity fell by more than 6%
both in the whole group and in the patients with nega-
tive cytology.
Table 4 shows the sensitivity for each strategy accord-

ing to tumour type and for all tumour markers. The
combination of tumour markers allowed detection of
more than 80% of the lung, breast, ovarian or bladder
cancers and cancers of unknown primary. Other
tumours such as lymphoma were not detected.

Discussion
In our study we evaluated two strategies for assessing
tumour markers in pleural effusions. Our results for
both strategies were concordant with those of previous
publications. With a single determination in pleural
fluid, we obtained a joint sensitivity for TM of 63.9%
using high cut-off points (60 μg/L for CEA, 80 KU/Lfor
CA15-3, 209 KU/Lfor CA19-9 and 21 KU/L for CA72-
4). Other studies have shown discriminant values ran-
ging from 40 to 50 μg/L for CEA, 53 to 75 KU/L for
CA15-3 and 8.9 to 16 KU/L for CA 72–4 [8, 12, 13, 24],
obtaining maximum specificities with sensitivities of be-
tween 25 and 45% for each marker individually and be-
tween 50 and 70% for the combination. These results
are similar to ours. Furthermore, the combined use of
URL to detect TM in pleural effusions and the F/S ra-
tio > 1:2 achieved a sensitivity of 77% of and a specificity
of 98.2% for the whole group; values similar to those de-
scribed to those in previous studies conducted by our
group with patients presenting pleural, peritoneal and
pericardial effusions [23].
The main problem with the use high cut-offs for TM

in the differential diagnosis of pleural effusion is the
wide range of cut-offs, sensitivities and specificities that
we find in the literature, indicating that the discriminant
values may depend on the cohort. On this point, consid-
erable differences may be found depending on the type
of immunoassay used. Assessing CA15-3, Slev et al. [7].
found concentrations ranging from 8.4 to 16.8 KU/L for
Lyphochek low, and from 19.2 to 44.2 KU/L for Lypho-
chek high. With CYFRA21-1,, Porcel et al. [8] sought
high specificity (100%) and obtained a sensitivity of 25%

Table 1 Etiology of the efusions included in the study

ALL ADA<45;
CRP<50;
%PN<90

ADA>45;
CRP>50 or
%PN>90

Malignant 122 103 19

Lung cancer 46 40 6

CUP 18 16 2

Mesothelioma 15 12 3

Breast cancer 13 12 1

Lymphoma 9 4 5

Bladder cancer 5 5 0

Ovarian cancer/PSPCa 3 3 0

Stomach cancer 3 3 0

Cholangiocarcinoma 2 0 2

Colon cancer 2 2 0

Cervix cancer 1 1 0

Endometrium cancer 1 1 0

Hypernephroma 1 1 0

Melanoma 1 1 0

Multiple myeloma 1 1 0

Pancreas cancer 1 1 0

Cardiogenic 69 56 13

Empyema 11 1 10

Parapneumonic non complicated 26 25 1

complicated 14 2 12

Pneumonitis 10 5 5

Tuberculous 13 0 13

Paramalignant 34 29 5

Viral 10 8 2

Post traumatic 6 6 0

Others:
Pulmonary Embolism, Pericarditis,
Cirrhotic, nephrotic syndrome,
uremia, Rheumatoid arthritis etc.

87 71 16

All 402 306 96
aPSPC Papillary serous of peritoneum carcinoma, CUP Cancer of
unknown primary
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b

Fig. 1 Flow Charts. a Flow chart for whole group. b Flow chart according ADA, CRP and % polymorphornuclear

Table 2 Diagnostic accuracy of tumour markers in effusion

Single cut-offa Ratio F/Sb

Sensitivity NPV Specificity PPV Accuracy Sensitivity NPV Specificity PPV Accuracy

CEA 36.9 78.1 100.0 100.0 80.6 58.2 84.3 99.0 94.7 85.8

CA15-3 37.7 78.5 100.0 100.0 80.9 43,7 80.2 98.6 92.9 81.6

CA72-4 32.8 77.0 100.0 100.0 79.3 36.1 78.2 100.0 100.0 80.6

CA19-9 22.5 74.5 100.0 100.0 75.8 32.0 77.1 100.0 100.0 79.3

All TM 63.9 86.4 100.0 100.0 89.3 77.0 90.7 98.2 94.7 91.0

Effusions with ADA < 45U/L; CRP < 50 mg/L and %polymorphonuclear cells <90

CEA 41.7 76.9 100.0 100.0 80.2 63.1 84.0 100.0 100.0 87.2

CA15-3 38.8 76.3 100.0 100.0 79.4 43.7 77.8 100.0 100.0 81.5

CA72-4 34.7 74.3 100.0 100.0 77.4 38.8 76.3 100.0 100.0 79.4

CA19-9 24.8 71.6 100.0 100.0 74.1 34.0 74.8 100.0 100.0 77.7

All TM 69.9 86.8 100.0 100.0 89.9 80.6 91.0 100.0 100.0 93.4

Effusions with ADA > 45U/L; CRP > 50 mg/L and/or %polymorphonuclear cells >90

CEA 10.5 81.5 100.0 100.0 81.2 31.6 84.9 97.3 75.0 81.2

CA15-3 31.6 85.1 100.0 100.0 86.2 36.8 85.9 94.5 63.6 81.0

CA72-4 18.8 82.2 100.0 100.0 85.6 21.1 83.7 100.0 100.0 84.4

CA19-9 10.5 81.5 100.0 100.0 81.5 21.1 83.7 100.0 100.0 84.4

All TM 36.8 86.5 100.0 100.0 87.5 57.9 90.0 93.5 68.8 85.5
aCEA 60 ng/mL; CA15-3 80 KU/L; CA72-4 21 KU/L; CA19-9 201 KU/L
bF/S > 1.2 and at least one of these CEA > 5 μg/L, CA15-3 > 30 KU/L, CA72-4 > 6.9 KU/L and CA19-9 > 37 KU/L
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with a cut-off point of 175 μg/L with positive likelihood
ratio (LHR+) >9999 and negative likelihood ratio (LHR-)
of 0.75, Cynowska et al. [9] sought high sensitivity
(90.9%) and obtained a specificity of 7.7% with a cut-off
point of 3.3 μg/L with LHR+ of 0.98 and LHR- of 1.18;
finally, Korczynski et al. [10], seeking high diagnostic ac-
curacy, obtained a sensitivity of 41.7% and a specificity
of 92.1% with a cut-off point of 74.7 μg/L LHR+ of 5.28
and LHR- of 0.63. Likewise, cut-off points ranging be-
tween 6.5 and 275 μg/L have been proposed for CEA in
order to obtain maximum specificity [20–26].
Comparing the two strategies, the simultaneous deter-

mination of TM in serum and effusions and the F/S ra-
tio > 1.2 achieves a 10% higher sensitivity than the single
determination, but a lower specificity (98%). In order to
improve these data, we assessed the two strategies in
group A alone (that is, cases with a low risk of false posi-
tives following benign inflammatory processes). In this
group, simultaneous determination reached 100% speci-
ficity and maintained ranges of sensitivity. Thus, in
patients with negative cytology (58% of malignant effu-
sions), sensitivity rose from 54.5 to 72.7%.
Using the F/S ratio and classifying according to ADA,

CRP or %PN, we obtained the same specificity in two
different studies, and so it seems that this strategy does
not vary over time or between series in effusions with
negative ADA, CRP and %PN. This strategy uses as a
reference the serum concentration measured with the

same immunoassay. It avoids some of the problems as-
sociated with the single determination of TM, for ex-
ample the increase in TM concentrations in fluid in
patients with high TM concentrations in serum.
Classifying patients on the basis of biomarkers such as

ADA, CRP and %PN also allows identification of some
benign effusions with high concentrations of TM, thus
increasing diagnostic accuracy. The group without suspi-
cion of false positives has higher sensitivity and specifi-
city using either strategy, while in the group of potential
false positives sensitivity is much lower with both. In the
patients in group B (with at least positive one of the
following: ADA, CRP and % of polymorphonuclear cells)
included all false positives due to benign release of TM
in fluid in both groups, we also found a decrease in sen-
sitivity because this group included fewer malignant ef-
fusions and because more than 40% of tumours were
non-epithelial, compared with a rate of 18% in group A.
The data suggest that the best diagnostic accuracy

(with very high likelihood ratios) is achieved by using
the F/S ratio in group A, that is, patients without suspi-
cion of false positives due to benign diseases. We
propose an algorithm for the use of tumour markers in
pleural effusions (Fig. 2). The strategy would be to deter-
mine tumour markers in fluid effusion; if all are below
low cut-off levels (CEA 5 μg/L; CA15-3 30 KU/L; CA19-
9 37 KU/L and CA72-4 6.9 KU/L) then the probability
of malignant effusion is low. If the fluid effusion

Table 3 Diagnostic accuracy of tumour markers in patients with negative cytology

Single cut-offa Ratio F/Sb

Sensitivity NPV Specificity PPV Accuracy Sensitivity NPV Specificity PPV Accuracy

CEA 32.9 85.4 100.0 100.0 86.3 48.6 88.5 99.0 94.4 89.1

CA15-3 24.3 83.9 100.0 100.0 84.7 30.0 84.9 98.6 84.0 84.8

CA72-4 25.0 84.0 100.0 100.0 83.5 28.6 84.8 100.0 100.0 85.1

CA19-9 20.3 82.8 100.0 100.0 84.8 25.7 84.2 100.0 100.0 85.7

All TM 51.4 89.1 100.0 100.0 90.3 71.4 93.2 98.2 90.9 92.8

Effusions with ADA < 45U/L; CRP < 50 mg/L and %polymorphonuclear cells <90

CEA 40.0 85.8 100.0 100.0 87.1 58.2 89.8 100.0 100.0 91.1

CA15-3 21.8 82.5 100.0 100.0 83.3 27.3 83,5 100.0 100.0 84.5

CA72-4 27.3 82.9 100.0 100.0 83.3 30.9 84.2 100.0 100.0 84.4

CA19-9 24.1 82.4 100.0 100.0 83.9 27.3 83.5 100.0 100.0 85.3

All TM 54.5 89.0 100.0 100.0 90.3 72.7 93.1 100.0 100.0 94.2

Effusions with ADA > 45U/L; CRP > 50 mg/L and/or %polymorphonuclear cells >90

CEA 10.5 81.5 100.0 100.0 84.3 13.3 85.1 97.4 50.0 83.5

CA15-3 31.6 85.1 100.0 100.0 88.8 40.0 88.9 94.7 60.0 85.7

CA72-4 18.8 82.2 100.0 100.0 83.9 20.0 86.4 100.0 100.0 86.8

CA19-9 10.5 81.5 100.0 100.0 87.2 20.0 86.4 100.0 100.0 86.8

All TM 40.0 86.5 100.0 100.0 90.1 66.7 93.4 93.4 66.7 89.0
aCEA 60 μg/L; CA15-3 80 KU/L; CA72-421 KU/L; CA19-9 201 KU/L
bF/S > 1.2 and at least one of these CEA > 5 μg/L, CA15-3 > 30 KU/L, CA72-4 > 6.9 KU/L and CA19-9 > 37 KU/L;
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concentration is above this cut-off point, ADA, CRP and
%PN should be assessed; if at least one is positive, be-
nign disease should be considered. In spite of this, if
clinically there is a high suspicion of malignant effusion
high cut-offs should be used (60 μg/L, 80 KU/L, 209
KU/L and 21 KU/L for CEA, CA15-3, CA19-9 and
CA72-4 respectively). Finally, if ADA, CRP and %PN are
negative serum concentrations of TM should be deter-
mined and the F/S ratio calculated; if it is above 1.2
there is a very high probability of malignant effusion
(LHR+ >999). This is especially important in patients
with negative cytology. The use of these criteria can de-
tect three out of four patients with malignant effusion
and negative cytology.
Patients with a previous diagnosis of neoplasia and

the appearance of pleural effusion with negative cy-
tology and positivity for tumour markers can be taken
as presenting disease progression; similarly, the pres-
ence of pleural and effusion and positive tumour
markers but negative cytology in newly diagnosed
localized tumours may indicate pleural metastasis.
These and other practical considerations raised by
these data should be addressed in a case by case team
discussion.
The main limitation of this study is the fact that it

was performed at a single centre. Multicentre studies
are needed to validate the results and to determine
whether they are also applicable to other measure-
ment systems.

Conclusions
To obtain the maximum diagnostic yield from the meas-
urement of tumour markers in pleural effusions, we

support simultaneous determination of markers in
fluid and serum with a low cut-off point in patients
in whom no increases in TM due to benign disease
are suspected (i.e., with ADA, CRP and PN% below
the discriminant values). In patients in whom in-
creases in TM due to benign disease are suspected,
the strategy of a single determination in fluid may
offer better diagnostic accuracy.
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