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INTRODUCTION

An umpteen number of diseases can masquerade as a 
pleural effusion (PE) and establishing a definite cause is 
often a diagnostic challenge.[1-3] The first step, however, is 
determining the nature of PE (exudate or transudate) that 
allows the physician to narrow down the list of potential 
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causes and point the direction to further investigations. The 
next step is to ascertain the etiology of effusion whether 
malignant or benign. Although pleural fluid cytology is a 
simple and widely used diagnostic tool for differentiating 
the origin of the pleural fluid, it is limited by a relatively 
low sensitivity.[2-4] The affirmation of the etiology as 
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malignant in the patient with a negative cytological 
examination requires more arduous diagnostic procedures, 
such as a closed pleural biopsy or thoracoscopy.[1,5] Tumor 
markers seem to be an up-and-coming alternative and have 
been proposed to aid in the differentiation of PE etiology.[4,5] 
Several studies have revealed that the level of some tumor 
markers in the pleural fluid and/or serum is a reliable 
predictor of malignant PE etiology.[6] Other studies show, 
however, that the sensitivity, specificity, and diagnostic 
accuracy of different tumor markers are quite low. Our 
study aimed to evaluate the diagnostic value of pleural 
fluid carcinoembryonic antigen (CEA) in differentiating 
malignant from benign PEs. Pleural fluid cytology or 
thoracoscopic pleural biopsy was used as the gold standard 
for diagnosis. The secondary objective was to assess the 
role of adenosine deaminase (ADA) as a discriminative tool 
between malignant and nonmalignant effusions.

METHODOLOGY

A prospective, cross-Sectional study for 100 patients who 
were diagnosed with exudative PE in the department 
of respiratory medicine was conducted during the time 
interval between 2016 and 2018.

Inclusion criteria
Adults more than 18 years of age with PE were included 
if they met the Light‘s criteria (pleural fluid protein/serum 
protein >0.5 and fluid lactate dehydrogenase (LDH)/serum 
LDH >0.6) for exudative effusion.

Exclusion criteria
Patients below the age of 18 years were excluded from the 
study. Patients with transudative and posttraumatic PEs 
were also excluded from the study.

The study was approved by the hospital’s scientific and 
ethical committee. Informed consent was taken from all 
the patients.

A detailed history including symptoms such as cough, 
pleuritic chest pain, and shortness of breath was elicited 
from the patients followed by a thorough clinical 
examination, and necessary investigations were done for 
all. Diagnostic pleural aspiration was done for all included 
patients. Pleural fluid was sent for investigations such 
as ADA, LDH, sugar, protein levels, cytology, and CEA 
marker. All the patients with an inconclusive cytology 
report were further subjected to thoracoscopic pleural 
biopsy for histopathological analysis.

Pleural fluid CEA estimation was done using 
electrochemiluminescence immunoassay (ECLIA) (Sandwich 
principle). The total duration of the assay was 18 min.

•	 1st incubation: 10 μL of sample, a biotinylated monoclonal 
CEA-specific antibody, and a monoclonal CEA-specific 
antibody labeled with arutheniumcomplex) react to 
form a sandwich complex

•	 2nd incubation: After addition of streptavidin-coated 
microparticles, the complex becomes bound to the 
solid phase via interaction of biotin and streptavidin.

Statistics
Statistical analysis was done using the SPSS Statistics 20 
Windows (SPSS Inc., Chicago, USA).

The results are given in mean ± standard deviation for all 
the continuous variables and in frequency (percentage) for 
categorical variables. The Pearson’s Chi-square test and 
continuity correction were used for finding the association 
between two categorical variables. Independent samples 
t-test was used for comparing the mean protein level 
between patients with and without cancer. Receiver 
operating characteristic (ROC) curve for CEA level was 
plotted for finding the cutoff for discriminating cancer 
cases, and sensitivity, specificity, and area under the curve 
were estimated. P < 0.05 was considered statistically 
significant difference. All tests of statistical significance 
were two-tailed.

RESULTS

The study included a total of 100 patients, of whom 
57 (57%) were male and 43 (43%) were female. Baseline 
demographics of the patients are shown in Table 1. Our 
study found the involvement of PE on the left side (49%) to 
be the most common followed by the right side (41%) and 
finally bilaterally (10%). As per the chest radiography of 
patients, effusion was found to be mild in 18%, moderate in 
57%, and massive in 25% of patients. The fluid was found 
to be hemorrhagic in 57% and straw colored in 42% of 
patients, while one patient was diagnosed to have empyema.

Out of 59 patients diagnosed with malignant PE, 52 patients 
showed ADA levels <20, while in 7 patients, ADA levels 
were >20. Pleural fluid CEA level was higher in those with 
cancer (1656.37 [0.452–1207]) than patients without cancer. 
In our study, the level of CEA was found to be elevated in 
33 patients (out of 33) with adenocarcinoma, whereas CEA 
level was raised in 17 patients (out of 20) with primary 
carcinoma other than lung and in 5 patients (out of 5) with 
squamous cell carcinoma. CEA levels were not elevated 
in patients with neuroendocrine tumors. LDH levels were 
increased in patients with lung malignancies in this study, 
but without any statistical significance with P = 0 [Table 2].

Univariate analysis of different variables and its association 
with malignancy was done. It showed that history of 
smoking, previous history of cancer, ADA <20, and CEA 
of >2.15 were associated with malignancy with P < 0.005, 
while LDH and male sex did not show any statistically 
significant association with malignancy.

All the variables with P < 0.05 in univariate analysis were 
subjected to multivariate analysis [Table 3]. It showed 
pleural fluid CEA as the only independent risk factor 
associated with malignant effusion.
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In this study, the cutoff value of CEA was 2.15 ng/dl 
and that of ADA was 16.5 U/L for malignant effusions as 
plotted from ROC curve, with sensitivity of 91.5% and 
65% and specificity of 92.5% and 81.4%, respectively 
[Figures 1 and 2].

DISCUSSION

Lung cancer is diagnosed in approximately 10 million 
new cases every year and around 6 million people die 
from this disease.[7] In cases of malignant effusion, 
the cytologic examination is important because of its 
noninvasiveness and the ease of conducting the test. 
According to reports, repeated thoracentesis can increase 
the sensitivity of cytology to even 50%–70%.[8] However, 
repeated cytological examinations can still yield a negative 
result in those suspected to have a malignant PE. Although 
thoracoscopy can establish the diagnosis in nearly 90% 
of patients with malignancy,[9-11] this expertise may not be 
available everywhere and/or may be difficult in patients 
with a poor performance status.

Approximately 20% of PEs are estimated to be due to 
malignancy, and around 50% of these are due to primary 
lung cancer.[6] Several tumor markers in the pleural fluid 
have been evaluated to distinguish malignant effusion 
from benign ones. CEA is one such tumor marker that 
has been studied the most. CEA levels in pleural fluid 
due to malignancy though shown to be very specific, 
its sensitivity remains at approximately 29%–77% 
with variable cutoff values.[12-21] The assessment of 
tumor markers in pleural fluid has been proposed as an 
alternative way of proving a diagnosis of malignant PE. 
Falling in with this, we evaluated the diagnostic utility of 
a tumor marker of lung cancer to differentiate malignant 
from benign effusions.

Previous studies have demonstrated the clinical utility 
of tumor markers in discriminating various pleural 
diseases,[10-16,18] but relying on tumor markers in 
pleural fluid for diagnosing MPE is still controversial. 
Regardless, most authors felt that quantification of a 
panel of tumor markers could improve the cytological 
diagnosis and should be considered in select cases of 
indeterminate PEs.

According to the study by Ferrer et al.,[15] CEA was found 
to be the single best marker in pleural fluid, which was in 
accordance with previous reports as well. Our study was 
purported at assessing the diagnostic utility of pleural 
fluid CEA in patients with exudative PE and its value in 
differentiating malignant versus nonmalignant PEs. The 
result was compared with the gold standard of a cytological 
or histopathological diagnosis using pleural fluid cytology 
or thoracoscopic pleural biopsy.

Smoking is regarded to be an independent risk factor for 
developing lung malignancies.[5] Similarly, in this study, 32 

patients (72.7%) with cancer had a history of smoking despite 

that it was not established to be an independent risk factor 

Table 3: Multivariate analysis of variables and its 
association with malignant effusion
Variable Presence of cancer

OR (95% CI) P
Smoker 3.597	(0.611–21.178) 0.157
Previous	cancer 5.122	(0.624–42.019) 0.128
ADA 0.174	(0.024–1.236) 0.080
CEA 202.383	(30.009–1364.903) <0.0001

OR: Odd’s ratio, CI: Confidence interval, ADA: Adenosine dehydrogenase, 
CEA: Carcinoembryonic antigen

Table 1: Baseline demographics of the cohort (n=100)
Baseline demographics n
Gender
Male 57
Female 43

Smoking	history
Smoker 44
Nonsmoker 56

Previous	malignancy
Present 22
Absent 78

Amount	of	effusion	on	chest	
radiograph
Mild 18
Moderate 57
Large 25

Site	of	effusion
Left 49
Right 41
Bilateral 10

Color/type	of	effusion
Straw 42
Hemorrhagic 57
Pus 1

Positive	for	malignancy
Yes 59
No 41

Table 2: Univariate analysis of variables and its 
association with malignant effusion
Variable Cancer OR (95% CI) P

Absent Present
Sex
Male 22 34 0.899	(0.400–2.018) 0.479
Female 18 25

Smoking	status
Nonsmoker 28 28 2.583	(1.107–6.030) 0.021
Smoker 12 31

Previous	cancer
Present 03 19 2.761	(0.944–8.069) 0.003
Absent 37 40

ADA
>16.5 17 07 0.182	(0.066–0.499) 0.001
<16.5 23 52

LDH
<485	U/L 21 30 1.068	(0.478–2.386) 0.517
>485	U/L 19 29

CEA
>2.15 3 54 29.983–591.743 <0.0001
<2.15 37 05

OR: Odd’s ratio, CI: Confidence interval, ADA: Adenosine dehydrogenase, 
LDH: Lactate dehydrogenase, CEA: Carcinoembryonic antigen
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for association with malignant effusion. The explanation 
may presumably be due to the small sample size.

This study showed that 19 patients (86.04%) with cancer 
recorded a previous history of malignancy, which was 
parallel to the findings by Lee and Chang.[22]

Our study also aimed at assessing the ADA levels, and a 
cutoff value of <16.5 U/L for suspected malignant PE was 
obtained using ROC curve. Here, the ADA level showed 
a specificity of 81.4% and a sensitivity of 65%. Not many 
studies have been done on evaluating the role of ADA as 
a tumor marker. In one study done by Mehta et al.,[23] the 
cutoff for ADA levels in malignancy was taken as 18 U/L 
and our results were comparable with that of Mehta et al.[23]

When the association of pleural fluid CEA 2.15ng/ml 
and ADA < 16.5 was checked together for diagnosing 
malignant pleural effusion, it had specificity of 100% 
and sensitivity of 74.5%.  Accordingly, we report that the 
specificity for diagnosing the malignant effusion is more 
when CEA and ADA are combined. Niwa et al.[24] compared 
CA 19.9, CEA, and ADA for differentiating malignant and 
benign PE and concluded that combined assays of CA 19.9, 
CEA, and ADA are useful in differentiating carcinomatous 
PEs from those of tuberculous origin because of the 
low incidence of false-negative results (sensitivity 80.5 
percent). Similarly, Daniil et al.[25] compared CEA, ADA, 

and CRP for diagnosing MPE and their results showed that 
combining tumor markers can improve the accuracy of 
the diagnosis with a sensitivity of 93%. Since not many 
studies have been conducted comparing ADA and CEA, 
the validation of our results requires further studies with 
a larger sample size. The comparison of the present study 
CEA with other studies are shown in Table 4.

In our study, elevated CEA levels in pleural fluid for detecting 
carcinoma were statistically significant. In the study by Lee 
et al.[26] to assess the diagnostic value of CEA, neuron-specific 
enolase, and cytokeratin 19 fragments (CYFRA 21-1) as 
markers of pleurisy in primary lung cancer, the cutoff value 
for CEA was taken as 5 ng/ml with a sensitivity of 82% and 
a specificity of 94%. Nevertheless, in our study, when the 
cutoff value for CEA level is 2.15 ng/ml as plotted from ROC 
curve, the sensitivity was 91.5% with a specificity of 92.5%.  
In a study by Tozzoli et al.,[27] the optimal cutoff for pleural 
CEA (sensitivity = 71.0%, specificity = 94.7%) was 5 ng/mL. 
The variation in values can be attributed to the difference in 
the levels of cutoff values. Comparison of different studies 
with present study is shown in Table 4.

Strengths and limitations of study
The present study was limited by its small sample size. 
While our malignant effusion group consisted of not only 
primary lung but also primary other than lung as well, 

Figure 2: Receiver operating characteristic curve – Pleural fluid 
adenosine deaminase and malignant effusion 

Figure 1: Receiver operating characteristic curve – Pleural fluid 
carcinoembryonic antigen and malignant effusion
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cases among the major three histologic types were not 
equal in number. Another limitation was that our study 
considered only CEA levels and other tumor markers or 
their combinations were not assessed which may have 
changed the sensitivity and specificity. Nevertheless, our 
study was able to detect that ADA levels <16.5 have a 
specificity of 81% in ruling in malignancy especially in 
resource-limited settings. In addition, our study stresses that 
a combination of CEA >2.15 and ADA <16.5, when found 
in an effusion, potentially identifies patients who warrant 
further investigations to rule out underlying malignancy.

CONCLUSION

According to previous reports, CEA was found to be the 
best single screening tumor marker in pleural fluid. Our 
study demonstrated that pleural fluid CEA of >2.15 had a 
sensitivity of 93.5% and a specificity of 73% in diagnosing 
malignant PEs. Likewise, ADA levels lesser than 16.5U/L 
were observed in patients with malignant PE, but this was 
less sensitive and specific compared to CEA. Whereas, a 
combined ADA and CEA levels had a higher specificity 
than CEA alone for effusions due to cancer. Patients 
found having pleural fluid CEA >2.15 should strongly be 
recommended further evaluation with pleural biopsy for 
confirming the diagnosis.
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Table 4: Comparison of present study with previously 
published studies
Studies PF CEA values used as cut 

off for malignancy (ng/Ml)
Sensitivity 

(%)
Specificity 

(%)
Romero et al.[12] 3 57 99
San	Jose et al.[13] 7.2	(1.7*) 31	(80*) 93	(48*)
Salama et al.[14] 6 64.7	(72.4†) 95
Ferrer et al.[15] 40 34.9 76.7
Miedouge et al.[16] 6 60	(70.5†) 99
Riantawan et al.[17] 10 77 94
Alatas et al.[18] 3 52 77
Hernandez et al.[19] 5.9 34 97
Villena et al.[20] 40 35	(48†) 100
Porcel et al.[21] 50 29 100
This	study 2.395 93.5 73

*Pleural effusion all neoplasms (PE of pulmonary neoplastic origins),  
†all Neoplasms(Carcinomas)


