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https://doi.ora/10.36497/respirsci.v4i3.142 Method: This was an observational analytic study with a cross-

sectional approach to find the diagnostic value of CA-125 and CEA
of pleural fluid in malignant pleural effusion. Subjects were patients
with suspicion of malignant pleural effusion who underwent
treatment in the emergency room, polyclinic, and inpatient ward at
RSDM from October - November 2022.

Results: CEA value with a cutoff of 232.00 had a sensitivity of
83.3%; specificity of 87.8%; PPV of 90.9%; NPV of 77.8% with an
accuracy of 85.0% (P=0.001), a CA-125 value with a cutoff of
>152.40 had a sensitivity of 83.3%; specificity 81.3%; PPV 87.0%;
NPV 76.5%; with an accuracy of 82.5% (P=0.001). An increase in
CEA and CA-125 signified a significant risk of malignant pleural
effusion (P<0.05). Patients with increased CEA and CA-125 had 105
times the risk of developing malignant pleural effusion.

Conclusion: CEA >32.00 and CA-125 >152.40 are potential
U biomarkers to predict malignant pleural effusion with CEA having
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INTRODUCTION chemistry evaluation from the fluid sample
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Differentiating exudates from transudates ) )
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Carcinoembryonic Antigen (CEA) and Cancer Antigen 125 (CA-125) as Diagnostic Biomarkers

for Malignant Pleural Effusion

Pleural effusion may appear benign
or malignant and each form has its
different management system and
prognostic value. Pleural fluid cytology has
a high sensitivity for detecting the presence
of malignant cells in lung cancer (79.0%),
but the result is prone to false negatives
when pleural thickening is present and the
invasive procedure of sample collection can
be uncomfortable for the patients.3

Tumor markers hold a promising
future as an alternative to pleural fluid
cytology for differentiating pleural effusion
etiology. These prospective markers
include carcinoembryonic antigen (CEA),
cancer antigen 125 (CA-125), cancer
antigen 15-3 (CA 15-3), cancer antigen 19-
9 (CA 19-9), cancer antigen 72-4 (CA 72-
4), cytokeratin 19 fragments 21-1 (CYFRA
21-1), neuron-specific enolase (NSE), and
squamous cell carcinoma antigen (SCCA).
However, the clinical value of tumor
markers in pleural effusion fluids has not
been widely discovered.*

Pleural effusions which are benign in
nature are twice as common as their
malignant counterpart which has multiple
manifestations and origins, presenting
themselves as a diagnostic challenge. A
negative cytologic examination often
requires more procedures to confirm the
etiology of a pleural effusion.

Multiple studies by Yataco in 2005,°
Rasyid in 2012,° and Halim in 2009’
reported the use of tumor markers as
alternative diagnostic methods. Tumor
markers had previously been mostly used
for cancer patient screening, prognostic
evaluation, and treatment monitoring. Due

to the sheer amount of research on the use
of tumor markers in malignant pleural
effusion patients, more study is needed.

This study aimed to explore the
sensitivity and specificity of CEA and CA-
125 in diagnosing malignant pleural
effusion. Hoped to establish CEA and CA-
125 as additional and rapid diagnostic tools
for patients with suspected pleural effusion
and no malignant cell found in pleural fluid
cytology or histopathological examinations,
therefore minimizing the need for invasive
procedures.’

METHOD

This study is an analytical
observational study with a cross-sectional
approach conducted by dr. Moewardi
Regional Hospital, Surakarta from October-
November 2022 to test the diagnostic
performance of CEA and CA-125 in
predicting malignant pleural fluid. The
examination referred to as the gold
standard is pleural fluid cytology, i.e.
positive  histopathological finding of
malignant cells in pleural fluid. This study
has been approved by dr. Moewardi
Regional Biomedical Research Ethics
Committee as stated in ethical clearance
letter number 1.239/1X/HREC/2022.

Subjects in this study were patients
who were undergoing treatment in the
hospital’'s emergency room, clinic, and
ward. Pleural exudative fluid was taken
from patients with suspected malignant
pleural effusion at the dr. Moewardi
Regional Hospital Clinical Pathology
Laboratory and a pleural fluid cytology
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examination were done at the dr.
Moewardi Regional Hospital Pathologic
Anatomy Laboratory in October 2022.

The sample size was counted using
the sample size formula for the diagnostic
study with a 95% confidence interval (CI).
The minimum sample size was intended for
patients with positive diagnoses according
to the gold standard. Based on the
calculation, required a minimum of 26
subjects. Study subjects were enrolled
using consecutive sampling methods, in
which eligible subjects were recruited until
the bare minimum was met.

Eligible subjects in this study were
adult patients above 18 years old, who had
exudative pleural effusion, suspected of
malignant pleural effusion from one or
more of the following criteria: thorax x-ray
or computed tomography (CT) scan which
showed pleural effusion with a description
of lung tumor or metastasis, thorax x-ray
or CT scan which showed massive pleural
effusion with or without lung tumor or
metastasis, and thoracentesis which
produced yellow or serosanguinous fluid.

Excluded patients with pneumonia
and lung tuberculosis, pleural effusion
patients  with  transudative  fluid,
comorbidities such as renal failure, heart
failure, cirrhosis, and pancreatitis, patients
with other malignancies outside of the
lung, and pleural fluid analysis determined
as invalid due to volume being too small or
decontamination.

Used 2x10 cc of the pleural fluid
sample through thoracentesis for CEA and
CA-125 examination. The pleural fluid was
then sent to the clinical pathology
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laboratory to be stored in an aliquot at -
20°C.

The samples were then centrifuged
at 2000 rotations per minute (rpm) for 10
minutes. CEA examination was done using
Cobas ® E411 from F. Hoffmann-La Roche
AG through the electrochemiluminescence
immunoassay (ECLIA) principle.

CA-125 examination was done
through enzyme-linked immunosorbent
assay (ELISA) using mini VIDAS from
bioMérieux SA which used a strip reagents
system with enzyme-linked fluorescent
assay (ELFA) principle for 1 hour.
Hemoglobin, leukocyte, platelet, and
lymphocyte extraction was done using
Mindray BC 1800 for 10 seconds.

Descriptive analysis to see the
characteristics of the samples based on
their malignancy status. Continuous
variables such as CA-125, CEA, and pleural
fluid cytology values were analyzed
through the Kolmogorov-Smirnov normality
test based on their average and deviation
standard value. Normally distributed data
would be analyzed through an independent
t-test, while unevenly distributed data
would be analyzed through the Mann-
Whitney test.

Also conducted area under curve
(AUC) analysis for CEA and CA-125 to
determine the cut-off use with the best
sensitivity, specificity, and performance
value. Diagnostic tests for CEA and CA-125
would be done using a 2x2 table to
determine their sensitivity, specificity,
positive predictive value (PPV), and
negative predictive value (NPV).
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for Malignant Pleural Effusion

RESULTS

Obtained 40 eligible patients during
the study mostly consisting of males
(58.3%) in the malignant group. The
number of male and female patients in the
non-malignant group were even (50.0%).
Chi-square analysis revealed no significant
differences among the study groups based
on gender. Most subjects in the malignant
group had mass in their radiologic
examination (66.7%) while in the non-
malignant group, only 6 patients had mass
(37.5%).

Table 1. Subjects Characteristics

Malignant Benign

1 a
Variables (n=24) (n=16) P
Gender

Male 14 (58.3%) 8 (50.0%)
Female 10 (41.7%) 8 (50.00) 0604
Radiologic findings
Mass 16 (66.7%) 6 (37.5%)
069

Nomass 8(33.3%) 10 (62.5%)

Note: 2aChi-square result

The average age was 54.67+13.58
years old for the malignant group with a
median of 55.00 vyears old and
54.00+13.87 years old for the non-

Table 2. Subjects Characteristics

malignant group with a median value of
57.50 years old.

Mean and median CEA value was
found to be higher in the malignant group
than in the non-malignant group
[198.08+£119.66 vs 24.04+39.74 and
267.65 (1.80-318.60) vs 14.00 (0.10-
157.20), respectively]. The difference in
the CEA value was found to be statistically
significant (P<0.001).

The mean and median CA-125 value
in the malignant group [340.86+150.85
and 416.15 (37.43-508.40)] was also
found to be higher than the non-malignant
group [116.00+£62.64 and 122.70 (26.10-
219.90)]. Found that the difference in CA-
125 value was statistically significant
(P<0.001).

Conducted ROC analysis to figure out
the optimum cut-off point for CEA and CA-
125. An AUC value of 0.845 with a cut-off
value >32.00 was found for CEA with
83.3% sensitivity, 87.8% specificity,
90.9% PPV, 77.8% NPV, and 85.0%
accuracy (P<0.001).

Variables Malignant (n=24) Benign (n=16) P

Age

Mean+SD 54.67 +£13.58 54.00 +£13.87

Median (min-max) 55.00 (25.00-76.00) 57.50 (24.00-70.00) 0.881°
CEA

Mean+SD 198.08 £119.66 24.04 £39.74

Median (min-max) 267.65 (1.80-318.60) 14.00 (0.10-157.20) <0.001%
CA-125

Mean+SD 340.86+150.85 116.00+£62.64

<0.001%*c

Median (min-max)

416.15 (37.43-508.40)

122.70 (26.10-219.90)

Note: SD= standard deviation; min= minimum value; max= maximum value; *P<0.05; Pnormally
distributed data, comparative analysis through independent t-test; ‘uneven distributed data,
comparative analysis through Mann-Whitney test
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Table 3. Odds Ratio Analysis for CEA and CA-125

Malignancy

OR PPV NPV

Malignant (n=24) Benign (n=16) (95% CI) (%) (%) P
CEA
>32.00 20 (83.3% 2 (12.5%
(83.3%) (12.5%) 35.00 9.0 77.8 <0.001*
<32.00 4 (16.7%) 14 (87.5%) (5.62-218.11)
CA-125
>152.40 20 (83.3%) 3 (18.8%) 21.67
87.0 76.5 <0.001*
<152.40 4 (16.7%) 13 (81.3%) (4.15- 113.02)

Note: CEA=carcinoembryonic antigen; CA-125=cancer antigen-125; OR=0dds ratio

This result showed that CEA >32.00
manifested a malignant pleural effusion.
ROC analysis for CA-125 revealed an AUC
of 0.870 using a cut-off value >152.40 with
83.3% sensitivity, 81.3% specificity,
87.0% PPV, 76.5% NPV, and 82.5%
accuracy (P<0.001). This demonstrated
that CA-125 >152.40 marked a possible
malignant pleural effusion.
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Figure 1. ROC Analysis for CEA and CA-125

Founded that patients with CEA
>32.00 were 35 times more likely to
develop malignant pleural effusion
(OR=35.00; 95% CI=5.62-218.11;
P<0.001) and patients with CA-125
>152.40 were 21.67 times more likely to

have malignant pleural effusion
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(OR=21.67;  95%
P<0.001).

CI=4.15-113.02;

DISCUSSION

Carcinoembryonic antigen is an
underutilized biomarker to detect lung
cancer prognosis and its use is still
debatable.® The value of CEA often recedes
after birth and it is not uncommon for
healthy adults to have little to no CEA.
Blood, pleural fluid, cerebrospinal fluid, and
peritoneal fluid may serve as samples for
CEA examination. A high CEA value may
indicate a certain type of cancer including
lung cancer.’ A previous study by Sun et al
in 2020 stated that CEA is significantly
raised in lung cancer compared to healthy
subjects and subjects with benign lung
tumors. 10

Most patients in this study were male
(58.3%) compared to female (41.7%).
Data from GLOBOCAN 2020 stated that
1,435,943 males had lung cancer
compared to 770,828 females.!! Another
hospital-based study from 100 hospitals in
Jakarta also showed that lung cancer is the
most common disease in men, the 4" most
common disease in females, and the main
cause of mortality in males and females.!?
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The risk of developing lung cancer
increases along with age. Lung cancer may
appear at a younger age, but it is unlikely
to develop in people aged below 40 years
old. The risk of lung cancer increases per
year after 40 years old.*3 In this study, it is
found that the average age of patients
suffering lung malignancy is 54.67+13.58
conforming to the age at risk for lung
cancer being above 40 years old. Elderly
people tend to have shorter telomeres
which contributes to DNA damage and
hence, cancer development.*

Invading cancer cells often cause
CEA estuary in the pleural space, therefore
making it a good biomarker for malignant
pleural effusion. Our study revealed that
malignant pleural effusion patients had a
significantly higher CEA than benign pleural
effusion patients (P<0.001). This finding is
similar to a study by Cheng and colleagues
in 2021 which stated that CEA performed
well as a diagnostic marker for malignant
pleural effusion with a sensitivity and
specificity ratio of 80%:92%.%°

CA-125 also known as mucin-16
(MUC16) is a protein that is coded by the
MUC16 gene in humans. CA-125 is mostly
found on the surface of the ovary,
inflammatory cells, and non-inflammatory
cells. The proliferation of these cells causes
CA-125 to be released. CA-125 itself has
been commonly used as a specific marker
for ovary tumors.1®

Our study obtained a significant
difference in CA-125 value between the
malignant and benign groups where the
malignant pleural effusion patients had a
higher value than the benign ones

(P<0.001). The same result was presented
in a study by Shalaby and colleagues in
2015 which showed that pleural fluid CA-
125 had a sensitivity of 99% and 78%
specificity. This study found CA-125 in
malignancy and lung tuberculosis patients
and therefore could be utilized in
diagnosing malignant cases.!®

Another study by Zhang and
colleagues in 2020 found that biomarkers
from pleural fluid samples were superior to
pleural fluid cytology in figuring malignant
pleural fluid, with CEA being the most
effective indicator for lung cancer
associated with malignant pleural effusion
at the cut-off point of 5.23 ng/ml.’

Another  previous  study by
Sthaneshwar and colleagues in 2002 found
another cut-off point for CEA and CA-125
in differentiating malignant pleural effusion
from benign pleural effusion. These cut-off
points were 5.1 ng/ml and 1707 IU/ml,
respectively. The study obtained a 64%
sensitivity and 98% specificity for CEA,
while CA-125 had 36% sensitivity and 94%
specificity.!’

The subjects of this study have
different types of lung malignancy and
were diagnosed at different stages at the
time of study. Hence, there is an
overlooked potential that certain patients
may have different possibilities of
malignant cells being present in pleural
fluid as well as having increased CEA
and/or CA-125. Also unable to investigate
any possible underlying causes of the
pleural effusion besides malignancy. This
study did not include patients with
transudative pleural effusion, therefore the
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results from this study may not apply to
transudative pleural effusion patients.
Subjects in the benign pleural effusion
were also not differentiated based on the
etiology of the pleural effusion due to the

low number.

CONCLUSION

A high CEA (=32 ug/L) and/or CA-
125 (>152.40) may present as a diagnostic
predictor for malignant pleural effusion.
CEA had a better sensitivity, specificity
NPV, and PPV than CA-125.
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