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Assessment of the diagnostic value of CEA, CA125, and CRP and their cut-off 
point for discrimination of exudative pleural effusions
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Abstract: Pleural effusion is divided into exudative and transudative effusion, and the distinction between exudate and transudate 
requires multiple investigations of biochemical parameters and their comparison in pleural fluid and serum. This study aimed 
to assess the diagnostic value of CEA, CA125, and CRP and their cut-off point for discrimination of exudative pleural effusions. 
This epidemiological and cross-sectional study was performed on 50 patients aged between 18 to 90 years with the diagnosis of 
exudative pleural effusion referred to Imam Khomeini Hospital in Ahvaz in 2018 and 2019. Demographic and clinical information 
of patients were collected. The pleural effusion was diagnosed based on physical examination and chest radiography. Pleural 
effusion was confirmed by thoracentesis. A pleural fluid sample was taken from all patients, and the levels of CEA, CA125, and 
CRP markers were measured in the pleural fluid. Differentiation of transudate and exudate pleural effusions was performed using 
Light criteria. The mean CEA and CA125 level of pleural fluid were significantly higher, and the mean CRP level of pleural fluid 
was significantly lower in patients with malignant diagnoses (P <0.05). Cut-off value with highest sensitivity and specificity in 
differentiating types of exudative pleural effusions was obtained for CEA tumor marker (greater than 49.8), CA125 tumor marker 
(greater than 814.02), and CRP marker (less than 7.56). Also, in differentiating types of exudative pleural effusions, CEA tumor 
marker had sensitivity (89.03%) and specificity (78.42%); CA125 tumor marker had sensitivity (53.18%) and specificity (62.44%), 
and CRP marker had sensitivity (82.16%), and specificity (89.05%) were. Although the tumor markers had high specificity in the 
present study, the low sensitivity of some of these tumor markers reduced their diagnostic value. On the other hand, given the 
numerous advantages of tumor markers, such as low cost and non-invasive, combining them with another can increase the 
diagnostic value and accuracy.
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Introduction
Pleural effusion is one of the most common clinical mani-

festations associated with some chest diseases1, which is the 
accumulation of fluid in the pleural cavity and is often caused 
by a systemic or intrathoracic process. The prevalence varies 
by clinical setting, but 90% of all pleural effusions are caused 
by heart failure, malignant processes, and pneumonia and can 
lead to serious health problems if not properly treated or diag-
nosed2. The fluid that enters the pleural space can be of the ori-
gin of the pleural capillaries, interstitial lung space, intra-aortic 
lymphatics, intrathoracic blood vessels, or peritoneal cavity3,4. 
The pleural effusion is divided into two types of exudative and 
transudative effusions3,5. The distinction between exudate and 
transudate requires multiple investigations of biochemical pa-
rameters and their comparison in pleural fluid and serum6-9. 
Recently, to help differentiate the etiologies of pleural effusion, 
several studies have investigated tumor markers as a potential 
alternative to invasive procedures10-13. Different studies have 
investigated the diagnostic value of different tumor markers to 
differentiate different types of pleural effusion. However, the 
wide range of sensitivity, specificity, and cut-off values and the 
inconsistency in the results have made their diagnostic accu-
racy still questionable14-18. CEA has been the most common 
marker tumor studied for the diagnosis of malignant pleural 
effusion19. It has recently been reported that serum and fluid 
levels of pleural effusion CA-125 can be used to diagnose pleu-
ral effusion malignancy20,21. In addition, CRP is often produced 
by the liver, and CRP levels in pleural effusions can be used 
to differentiate parapneumonic effusions from other types of 
effusions22,23. Since no high sensitivity and specificity, the mar-
ker has been identified for the diagnosis of exudative effusion 
pleural effusions and due to inconsistency in the results of our 

studies, the aim of the present study was to evaluate the bio-
marker value of CEA, CA-125 and CRP tumor biomarkers in 
differentiation between exudative effusion pleural effusions.

Materials and methods 

Study designs
Following approval of the study in the Ethics Committee 

of Ahvaz Jundishapur University of Medical Sciences (Code of 
Ethics: IR.AJUMS.REC.1397.950), this study is an epidemiolo-
gical and cross-sectional study on 50 patients aged 18 to 90 
years with the diagnosis of exudative pleural effusion who re-
ferred to Imam Khomeini Hospital in Ahvaz in 2018 and 2019. 
Initially, the goals, benefits of participating in the study, and 
how to conduct the research were explained to participants. 
Eligible patients were then enrolled in the study, if desired, 
with written consent.

At first, demographic data and clinical history of all pa-
tients were obtained and collected in a checklist. Required 
information about the underlying disease and the cause of 
pleural effusion was also collected and recorded based on 
the patient's medical record findings. Patients with exudative 
pleural effusion with different etiologies were included in the 
study, and biomarkers were measured before any treatment. 
Patients with unknown pleural effusion origin were excluded.

The diagnosis of pleural effusion was made after a phy-
sical examination and chest imaging. Pleural effusion was 
confirmed by thoracentesis. Microbiological, biochemical, and 
cytological studies were also performed for all patients. Di-
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fferentiation of transudate and exudate pleural effusions was 
performed using light criteria. Accordingly, the presence of one 
of the following indicated exudative pleural effusion.

- Pleural protein/serum protein ratio > 0.5
- Serum LDH/pleural LDH ratio > 0.6
- Pleural LDH activity exceeds two-thirds of the highest

normal level for serum LDH10,24,25.
A pleural fluid sample was obtained from all patients, and 

the supernatants were collected after centrifugation (3500 rpm 
for 10 minutes) and stored at -20°C for final testing. The pleu-
ral fluid sample was inserted through a needle between the rib 
cage based on examination and percussion, and auscultation 
(sound reduction and dullness). The samples were sent to the 
laboratory after collection and the levels of CEA, CA125, and 
CRP markers in the pleural fluid of the patients were measured.

CEA and CA125 measurements were performed on pleu-
ral specimens by electrochemical luminescence (ECL) and 
CRP measurements by turbidometric technique. All biomar-
kers were analyzed according to the manufacturer's instruc-
tions. Finally, all data collected were analyzed statistically to 
evaluate the diagnostic value of each tumor marker in different 
types of exudative pleural effusion.

Statistical analysis
The data are analyzed by descriptive statistics, including 

mean, standard deviation, frequency, and percentage. Data 
were analyzed using the Kolmogorov-Smirnov test and Q–Q 
plot and variance homogeneity by Leven test. Independent 
t-test (or Mann-Whitney nonparametric test), chi-square (or
Fisher exact test), and logistic regression were used for data
analysis. The ROC curve was used to determine the diagnostic
value of tumor markers, and the area under the ROC diagram
(AUC) was considered as the diagnostic value of the biomar-
ker. Sensitivity, specificity, accuracy, positive and negative pre-
dictive values of each tumor marker were also calculated. All
analyses were performed using SPSS software version 22, and 
the significance level was considered less than 0.05.

Results
The distribution of patients by gender was approximately 

similar, and the percentage of male and female patients was 
similar (48% vs. 52%). Patients older than 60 years had the 
highest frequency (72%) compared to other age groups. The 
etiology of the disease in most patients was adenocarcinoma 
and parapneumonic (Table 1).

To determine the diagnostic value of CEA, CA125, and CRP 
markers in differentiating different types of exudative pleural 
effusions, patients were divided into three groups according to 
the etiology of the disease. The mean level of CEA in pleural 
fluid was significantly higher in patients with malignancy (P 
<0.05). This rate was also higher in patients with the etiology 
of tuberculosis than in patients with the parapneumonic diag-
nosis. The mean CA-125 level of pleural fluid was significantly 
higher in patients with malignancy (P <0.05). This rate was 
also higher in patients with the etiology of tuberculosis than in 
patients with the parapneumonic diagnosis. The mean pleural 
fluid CRP level was significantly lower in patients with ma-
lignancy (P <0.05). Also, this rate was lower in patients with 
tuberculosis than in patients with parapneumonic diagnosis 
(Table 2). 

The cut-off value with the highest sensitivity and specifi-
city for CEA tumor marker differentiation in exudative pleural 
effusions was more significant than 49.8. According to this 
cut-off value, the sensitivity of the CEA tumor marker in di-
fferentiating different types of exudative pleural effusions was 
89.03%, specificity was 78.42%, positive predictive value was 
82.01, and negative predictive value was 64.36%.

The cut-off value with the highest sensitivity and specifi-
city for CA125 tumor marker in the differentiation of exudative 
pleural effusions was greater than 814.02. Accordingly, CA125 
tumor marker sensitivity in differentiating pleural effusions 
was 53.18%, specificity was 62.44%, positive predictive value 
was 67.34%, and negative predictive value was 59.19%.

The value of highly sensitive and specific cut-off for the 

Table 1. Demographic information of the pa-
tients.
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CRP marker differentiating different types of exudative pleural 
effusions was less than 7.56. Accordingly, CRP marker sensiti-
vity in differentiating pleural effusions was 82.16%, specificity 
was 89.05%, positive predictive value was 64.32%, and negati-
ve predictive value was 59.71%.

Discussion
Malignant pleural effusion is a common problem in cancer 

patients that can be both a symptom and a complication of a 
previously diagnosed malignancy. Despite the combination of 
pleural fluid cytology and pleural biopsy, it is not possible to 
obtain a diagnosis in many cases24. Researchers have been re-
searching to evaluate the value of pleural fluid analysis in the 
differential diagnosis of pleural effusions on different tumor 
markers24,25.

In our study, 26 patients were male, and 24 were female. 
Also, in the present study, out of 50 people studied, 18 patients 
were parapneumonic, 27 patients were adenocarcinoma, 2 pa-
tients were mesothelioma, and 3 patients were tuberculosis.

Based on our results, mean levels of pleural fluid CEA and 
CA125 were significantly higher in patients with malignancy 
(P<0.05). It also indicated that the rate is higher in patients 
with tuberculosis etiology than in patients with the parapneu-
monic diagnosis. The threshold for identifying exudative pleu-
ral effusion with the highest sensitivity and specificity for CEA 
tumor markers is more remarkable than 49.8. consequently, 
the sensitivity of the CEA tumor marker was 89.83%, the spe-
cificity was 78.42%, the positive predictive value was 82.01%, 
and the negative predictive value 64.36%, which shows and 
highlights high biomarker effectiveness in the diagnosis of be-
nign and malignant.

Also, the highest sensitivity and specificity for the cut-off 
value of the CA125 tumor marker when differentiating types 
of exudative pleural effusion was greater than 814.02. there-
fore, the sensitivity of the CA125 tumor marker when differen-
tiating exudative pleural effusions was 53.18%, the specificity 
was 62.44%, the positive predictive value was 67.34%, and the 
negative predictive value was 59.19%, as obtained from the 
study.

Owing to the chronic nature of the disease, the approach 
on individuals affected by unclassical and even unidentified 
pleural effusion is applied. Additionally, using this method 
eases the distinguish of malignant cases of tuberculosis with 
lower costs of the experiment26.

In the study done by Nguyen et al., who determined the 

diagnostic value of tumor antigens for malignant pleural effu-
sions, the sensitivity and specificity were 54.9% and 96.2% for 
CEA tumor markers and 57.5% 92.8% for CA-125, respecti-
vely15. In another study done by Zhai et al., who investigated the 
diagnostic accuracy of CEA and CA-125 tumor markers in the 
differentiation of malignant pleural effusions, The results indi-
cated that the serum levels of both tumor markers were signi-
ficantly higher in the types of malignant pleural effusions than 
in benign pleural effusions. The CEA and CA15-3 levels were 
more stable than the CA-125 and CA19-9 tumors. CEA was 
also the best marker to distinguish between benign and ma-
lignant pleural effusions. The sensitivity and specificity of CEA 
were 84.7% and 90.9% in the pleural and 64.0% and 88.0% in 
the serum. The sensitivity and specificity for the CA-125 tu-
mor marker were 49% and 73.1% in the pleural and 60.4% and 
54.8% in the serum14. Tozzoli et al. compared the diagnostic 
value of pleural fluid CEA in patients with pleural effusion with 
histological findings.

The results indicated that the sensitivity and accuracy of 
pleural fluid CEA were significantly higher than that of pleural 
cytology, and the sensitivity of diagnosis of benign and malig-
nant cases was high. They deduced that measuring pleural 
fluid CEA in patients with unexplained etiology of a pleural 
effusion is a safe and reasonably priced  way for doctors to 
select patients for further examination. Increased pleural CEA 
values in patients with pleural effusion with negative cytology 
indicate the need for further invasive examinations, whereas 
people with low pleural CEA values should only be examined 
again12. In a study by Antonangelo et al., A comparison of tu-
mor markers in benign and malignant pleural effusions with 
positive, suspicious, and negative cytology showed that the 
CEA and CA125 markers were significantly higher in malig-
nant effusions with positive cytology. Only the CA125 marker 
tumor score was significantly higher in the negative or sus-
pected cytological results than in the benign effusions in the 
pleural fluid. As a result of this study, it could be shown that a 
tumor sensitivity and specificity of up to 60% can be used as 
a parameter for the assessment of patients with a suspected 
malignancy or cancer in the history27. The results of a study 
by Shalaby et al. showed that the CA-125 tumor marker was 
significantly higher in patients with exudative effusion than in 
patients with transudative effusion. This tumor marker was 
also more common in malignant effusions than benign effu-
sions and tuberculosis compared to other infections. As a re-
sult, the highest CA125 level of pleural fluid was observed in 
malignancy and then in tuberculosis, and thus the level of this 

Table 2. Comparison of pleural fluid CEA levels based on disease etiology.
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marker tumor in the pleural fluid could be used as a diagnostic 
marker for pleural effusion21. In the present study, the mean 
CRP of pleural fluid was significantly lower in patients with 
malignancy (P <0.05). This rate was also lower in patients with 
tuberculosis etiology than in patients with the parapneumonic 
diagnosis.

The limit with the highest sensitivity and specificity for 
CRP markers when distinguishing different types of exudative 
pleural effusions was less than 7.56. Accordingly, the sensiti-
vity of the CRP markers when differentiating pleural effusions 
was 82.16%, the specificity 89.05%, the positive predictive 
value 64.32%, and the negative predictive value 59.71%. In a 
study by Ji et al. To investigate the role of three markers of 
procalcitonin (PCT), CRP, and CEA in the differential diagnosis 
of malignant and benign pleural effusions, the CRP and PCT 
levels were significantly higher in benign pleural effusions than 
in malignant cases, while the CEA levels were lower were in 
benign cases. They concluded that the use of a biomarker is 
not only suitable for the diagnosis of pleural effusion and is 
not accurate enough. The combination of pleural CRP, pleural 
CEA and sPCT can effectively support the diagnosis of pleural 
effusions1,28.

Conclusions
Based on the present study results, the tumor markers 

examined in this study had high specificity, but the low sen-
sitivity of some of these tumor markers decreased their diag-
nostic value. However, since tumor markers in the diagnosis of 
malignant pleural effusion have many advantages, such as low 
cost and invasive use, the combination of tumor markers can 
significantly increase the value and diagnostic accuracy.
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