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ARTICLE

Diagnostic Value of Tumor Markers for Differentiating Malignant
and Benign Pleural Effusions of Iranian Patients
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In order to evaluate the diagnostic yield of tumor
markers in differentiating malignant and benign
pleural effusions, we carried out a prospective study
in a group of Iranian people. Pleural and serum levels
of carcinoembryonic antigen (CEA), carbohydrate
antigen 15-3 (CA 15-3), neuron-specific enolase (NSE)
and cancer antigen 125 (CA 125) were assayed
prospectively in patients with pleural effusion (40
malignant and 37 benign). The highest sensitivity was
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obtained with a combination of CA 15-3 in serum, and
CA 15-3 and CEA in pleural fluid (80%), also with
combination of CA 15-3 in serum, and CA 15-3, NSE
and CEA in pleural fluid (80%). The highest specifici-
ty was obtained with combination of CA 15-3 in
serum, and CA 15-3 and NSE in pleural fluid (100%),
and also with combination of CA 15-3 in serum, and
CA 15-3, NSE and CEA in pleural fluid (100%). (Patho-
logy Oncology Research Vol 11, No 4, 236-241)

Introduction

Pleural effusion (PE) represents a common and chal-
lenging diagnostic problem of pulmonary medicine with
diverse and non-similar etiologies. One of the most com-
mon etiology of PE is malignancy, among which lung and
breast cancer metastases correspond to a great number of
cases.'? However, other infectious and non-infectious dis-
eases contribute to this clinical manifestation, too. Marel
et al. have suggested that the distribution of causes respon-
sible for pleural effusions is geographically different.

Differentiation of malignant and non-malignant pleural
effusion is of great importance; however, current methods
are either insufficient or invasive.** Cytological methods
usually detect only 50-60% of malignant pleural effusions,
and pleural needle biopsy adds only 7% diagnostic value to
this method.” The two invasive methods, thoracoscopy and
thoracotomy, have a great sensitivity, but in addition to being
expensive, they impose physical and mental stress to the
patient.’ Recent investigations have focused on the detection
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and use of reliable tumor markers as a less invasive replace-
ment method,” however, the results have been inconclusive.®
The most widely studied and recommended tumor marker is
CEA, with sensitivity of less than 50%>*'° and specificity
around 90% in the pleural fluid." It is worth mentioning that
different sensitivities and specificities have been reported by
using different cut-off levels and in different settings.'®'
Other widely used tumor markers include CA 125, a high-
molecular-weight glycoprotein; CA 15-3, a glycoprotein
found in normal and malignant breast, ovary, lung and pan-
creatic tissues; NSE, an enolase isoenzyme of the neurons;
MCA, a mucin-like glycoprotein found in many adenocarci-
nomas, and CYFRA 21.

In this study the underlying diseases in 77 consecutive
cases with pleural effusion were investigated. The level of
CEA, CA 15-3, CA 125 and NSE was investigated in sera
and pleural effusions of the patients with benign or malig-
nant pleural effusion.

Materials and Methods

Patients

In a prospective study, 77 consecutive patients with pleur-
al effusion were included who were referred to the Pul-
monary Division of Internal Medicine Department of Faghi-
hi Hospital in Shiraz, Iran. The underlying diseases were
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diagnosed by using clinical signs and symptoms, physical
examination, chest X-ray, CT-scan (when needed), biochem-
ical, cytological and bacteriological analysis of pleural fluid,
and when needed pleural biopsy and thoracoscopy.

Determination of etiology

A pleural fluid was considered malignant when malignant
cells were detected in the cytological or biopsy specimen of
the pleura. An effusion was considered parapneumonic if
acute febrile condition with cough, sputum and pulmonary
infiltration without malignancy was detected. The diagnosis
of empyema was based on the detection of pus at thoracen-
tesis, or a positive smear and/or positive culture of pleural
fluid. Tuberculosis pleurisy was diagnosed by detection of
granuloma in pleural biopsy specimens. Congestive heart
failure (CHF) was diagnosed with an enlarged heart on chest
X-ray and transudative effusion with good response to anti-
failure therapy. Pulmonary embolism was considered in case
of a lung perfusion scan with high probability for pulmonary
embolus and clinically suspicious.

Samples

Eight ml venous blood and 10 ml pleural fluid were col-
lected from each subject. The samples were centrifuged
immediately at 1500xg, and then the serum and pleural fluid
were kept at —20°C until use. Determination of tumor marker
levels was performed by a non-competitive biotin-avidin-
based sandwich ELISA assay (Can-Ag Diagnostics AB,
Gothenburg, Sweden) according to the manufacturer’s
instructions. The evaluated markers included CEA, CA 15-3,
NSE and CA 125. The cut-off levels of CEA, CA 15-3, NSE
and CA 125 for differentiation of benign and malignant pleur-
al effusions were 3.60 pg/ml and 2.95 pg/ml; 21.11 U/ml and
29.07 U/ml; 5.21 U/ml and 10.36 U/ml; 1196.67 ng/ml and
50.65 pg/ml in pleural fluids and sera, respectively.

Statistical analysis

Due to the lack of normal distribution among variables
(Kolmogorov-Smirnov test), non-parametric tests were
used for analysis of data. Mann-Whitney test was used to
analyze the difference between groups. Correlation
between tumor marker levels in sera and pleural fluids was
detected by Pearson test. Receiver operating characteristic
(ROC) curve was plotted for the tumor markers. The level
of significance was considered <0.05.

Results
Among the 77 studied individuals 40 (51.9%) were

diagnosed to have a malignant and 37 (48.1%) were diag-
nosed to have benign pleural effusion. Of the 40 malig-
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Table 1. Etiology of pleural effusions

Cause Number Percent
Malignant

Metastatic malignancy 11 14.3
Metastatic adenocarcinoma 8 10.4
Non-Hodgkin’s lymphoma 7 9.1
Lung cancer 6 7.8
Breast cancer 2 2.6
Hodgkin’s lymphoma 2 2.6
Thyroid carcinoma 2 2.6
Metastatic bone tumor 1 1.3
Multiple myeloma 1 1.3
Benign

Parapneumonic effusion 9 11.7
CHF 9 11.7
Tuberculosis 7 9.1
Empyema 3 3.9
Traumatic pleural effusion 2 2.6
Hemothorax 2 2.6
Lupus pleuritis 2 2.6
Post-CABG 1 1.3
Pulmonary embolism 1 1.3
Nephrotic syndrome 1 1.3
Total 77 100

CHEF: congestive heart failure, CABG: coronary artery bypass graft

nant cases, 22 (55%) were male and 18 (45%) female.
The average age of this group was 49.7 years (range 12-
77 years). Of the 37 benign cases, 26 (70.3%) were male
and 11 (29.7%) female, with an average age of 51.6 years
(range 16-88 years). Distribution of pleural effusion eti-
ologies are shown in Table 1. Among pulmonary malig-
nancies, 2 were squamous cell carcinoma, one adenocar-

Table 2. Serum and pleural fluid levels of CEA, CA 15-3,
CA 125 and NSE in the studied patients (mean + SEM)

Tumor marker Malignant (n=40)  Benign (n=37) P value

CEA (ug/ml)

Serum 7.16 + 1.78 354 +1.44 0.232
Pleural fluid 49.20 + 14.96 4.63 +2.27 0.022
CA 15-3 (U/ml)

Serum 80.56 + 20.16 28.50 + 2.72 0.006
Pleural fluid  154.80 + 40.06 18.26 + 4.63 0.0001
CA 125 (U/ml)

Serum 584.17 + 354.02  98.28 +24.63  0.878
Pleural fluid 2629.16 + 458.80 1507.98 + 355.34 0.980
NSE (ng/ml)

Serum 10.14 = 1.33 10.80 = 1.97 0.446
Pleural fluid 22.36 + 4.41 12.85 + 4.87 0.001




238 GHAYUMI et al
a ROC Curve b ROC Curve
1.00 1.00
0.75 1 0.75 4
2 2
g z
£ 0.50 A £ 0.50 A
7] 7]
< c
9} [}
55 55
0.25 | 0.25 -
0.00 ; ; ; 0.00 T T T
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1 — Specificity 1 — Specificity
C ROC Curve d ROC Curve
1.00 1.00
0.75 A 0.75 4
E &
2 2
£ 0.50 A £ 0.50 A
2] [92]
c c
<9} (<9}
55 %)
0.25 A 0.25 A
0.00 T : . 0.00 : T T
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00

1 — Specificity

1 - Specificity

Figure 1. Receiver operating characteristic curve for CA15-3 (a), NSE (b) and CEA (c) in pleural fluid, and CA15-3 in serum (d)
for distinguishing between malignant and benign pleural effusions

cinoma, one small cell carcinoma, one poorly differenti-
ated carcinoma and one undiagnosed.

The mean level of different tumor markers in serum and
pleural fluid of malignant and benign cases are shown in
Table 2. A high correlation was observed between CA 15-
3 level in serum and pleural fluid (r=0.58, P=0.0001), and
a relatively good correlation was observed between CEA
level in serum and pleural fluid (r=0.28, P=0.026). How-
ever, no significant correlation was observed in levels of

NSE and CA 125 between serum and pleural fluid (r=0.14
and r=0.04, respectively).

Comparison of the tumor marker levels revealed a sta-
tistically significant difference in the CA 15-3 serum level
between malignant and benign diseases (P=0.006). For the
other tumor markers, no significant difference between the
sera of patients with benign and malignant disease was
observed. The level of CA 15-3, NSE and CEA in malig-
nant and benign pleural fluids showed statistically signifi-
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Figure 2. Receiver operating characteristic curve for CA15-3 in serum for distinguishing between pleural effusions due to lung
cancer and other causes of pleural effusion (a), and between lung cancer and other malignant causes of pleural effusion (b)

cant differences with P values less than 0.0001, 0.001 and
0.022, respectively.

Analysis of ROC curves (Figure 1) of the tumor mark-
ers in the pleural fluid revealed the highest area under the
curve for CA 15-3 (0.78, 95% CI=0.67-0.88), followed by
NSE (0.73, 95% CI=0.60-0.84) and CEA (0.66, 95%
CI=0.53-0.78). Analysis of ROC curve (Figure 2) for CA
15-3 in the serum of patients with malignant pleural effu-
sion due to lung cancer, compared to the other causes of
pleural effusion (0.81, 95% CI=0.62-1.0), showed a larger
area under the curve with cut-off level of > 41.89 U/ml
(P<0.017). However, the area under the curve for CA 15-3
in sera of lung cancer patients did not show any difference
compared to other malignant causes (0.61, 95% CI=0.6-
0.82).

The sensitivity, specificity, accuracy, positive predictive
value (PPV) and negative predictive value (NPV) of the
tumor markers were also determined both individually and
in combination. Table 3 shows the aforementioned values
for serum and pleural fluid of the studied subjects. The
highest (100%) specificity and highest (100%) PPV could
be obtained by detection of CA 15-3 in serum plus NSE
and CA 15-3 in the pleural fluid. Additional detection of
CEA in the pleural fluid did not add any value to this level
of specificity or PPV. The highest (80%) sensitivity could
be obtained by detection of CA 15-3 in serum and CA 15-
3 and CEA in the pleural fluid of the patients. The highest
(81.3%) NPV and the highest (89%) accuracy could be
obtained by detection of CA 15-3 in serum plus CA 15-3,
NSE and CEA in the pleural fluid. Among the individual-
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ly detected tumor markers, the most sensitive (70%) and
accurate (76%) one was CA 15-3, while the most specific
(85.3%) tumor marker was CEA.

Discussion

In the current study CA 15-3 level in serum showed
59.5% sensitivity and 63.6% specificity with a significant
difference between malignant and benign conditions.
Serum CA 15-3, which is known to be specifically elevat-
ed in breast cancer, has been reported to have a 86% sen-
sitivity and 67% specificity in differentiating malignant
and benign pleural effusions.'" The sensitivity and speci-
ficity of CA 15-3 detection in pleural fluids of our patients
(i.e. 70% and 83.3%, respectively) are comparable with
those in the reports of other investigators,'""* and higher
than those in some other reports.'"*'> The observed varia-
tions in the calculated sensitivities and specificities might
be due to differences in the selected cut-off values, sample
sizes and the etiology of pleural effusions in different set-
tings.

In the present study we did not observe significant dif-
ference between serum CEA level of malignant and benign
diseases. This is contrary to the results of Ferrer et al. who
suggested that CEA was the best serum tumor marker of
their patients.” In addition, Marel et al. and Hernandez et
al. reported a significant difference between serum CEA
level of patients with malignant pleural effusion compared
to those with benign pleural effusion.>'® It has been sug-
gested that in patients with empyema and parapneumonic
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effusion elevated serum levels of CEA can be detected.!”

Elevated level of CEA in CHF has also been reported.”' In
addition, the elevation of CEA in tuberculosis patients is a
rare event.'®? Lower proportion of tuberculosis to parap-
neumonic/empyema patients in our study compared to
those in the study of Hernandez et al. (9.1/27.3 wvs.
16.2/28.5) may explain the lack of difference between
malignant and benign condition in our setting. Moreover,
comparison of our malignant group with that of Marel et
al. reveals that 39% of their patients had lung cancer with
malignant or paramalignant effusions, while only 7.8% of
our patients had lung cancer. It is therefore possible that
the etiology of malignant condition might affect the
results. Such an effect has been shown by the observation
that pleural effusions secondary to a metastatic malignan-
cy have higher levels of CEA in pleural fluid and serum
than those related to malignant mesothelioma.**
Contrary to the serum, the levels of 3 tumor markers,
namely CEA, CA 15-3 and NSE, were significantly ele-
vated in malignant pleural fluids of our patients. Among
them the highest specificity was found for CEA and the
highest sensitivity was found for CA 15-3, however, due to
the both high sensitivity and high specificity of CA 15-3,
the highest accuracy was found by measuring this marker
in pleural fluid. The latter is in accordance with the results
of Alatas et al.,'" although we observed a higher specifici-
ty of CEA due to the higher cut-off value in our study com-
pared to their study (3.6 ng/L vs. 3 ng/L). Alatas et al."' did
not observe any difference between NSE level in malig-
nant and benign conditions, however, Kuralay et al. report-
ed a much higher sensitivity and specificity of NSE in

pleural fluid despite a higher cut-off level than ours (8.7
ng/L vs. 5.21 ng/L).” Therefore, besides cut-off level,
other factors might interfere with the observed specificities
and sensitivities.

By calculating ROC curves we observed the highest area
under curve for CA 15-3, which points to the usefulness of
this tumor marker in diagnosis of malignant pleural effu-
sions. This marker was also powerful in differentiating lung
cancer from other etiologies of pleural effusion in our
patients, however, it was not powerful in differentiating
between malignancies. The best combination of tumor
markers which revealed 100% specificity and 100% PPV
with 76.5% sensitivity could be obtained by measurement of
CA 15-3 in serum and pleural fluid plus NSE in pleural
fluid. A higher sensitivity (80%) with the same level of
specificity (100%) could be obtained by additional mea-
surement of CEA in pleural fluid. The observed specificity
is the maximum attainable specificity with which the sensi-
tivity (77%) is still higher than that of the combination of
cytology / CEA / CA 549 with 97% specificity,'® and that of
CYFRA 21 /CEA / CA 125 (65.1%) with the same level of
specificity.’ To date the only method having 100% sensitiv-
ity and specificity in malignant pleural fluid is thora-
coscopy,”® and no combination of tumor markers has
reached this level of accuracy. One of the highest reported
specificity (97%) and sensitivity (100%) of tumor markers
in malignant pleural fluid is combination of MCA / CA 125
/ CA 19.9 in pleural fluid.” The same report assigns sensi-
tivity and specificity of 95% to CA 125, which did not show
any difference between malignant and benign cases in our
study. Therefore, it seems that the value of any combination

Table 3. Characteristics of tumor markers in patients with pleural effusion

Sensitivity  Specificity PPV NPV Accuracy

Cut-off % % % % %
Serum
CA15-3 29.07 59.5 63.6 64.7 58.3 61
NSE 10.36 38.9 63.6 51.1 46.2 46
CEA 2.95 47.2 81.8 42.6 26.1 37
CA 125 50.65 50.0 45.5 53.0 47.2 50
Pleural fluid
CA15-3 21.11 70.0 83.3 82.4 714 76
NSE 521 68.4 75.0 74.3 69.2 72
CEA 3.60 47.4 85.3 78.3 59.2 65
CA 125 1196.67 48.6 70.6 42 34.5 39
CA 15-3 + NSE 57.5 91.9 88.5 66.7 74
CA15-3 inS and PF 714 86.4 87 70.4 78
CA 15-3in S + NSE in PF 76.2 77.3 76.3 77.3 77
CA15-3in S + CA 15-3 and CEA in PF 80.0 88.9 88.9 80.0 84
CA15-3in S + CA 15-3 and NSE in PF 76.5 100.0 100.0 77.8 87
CA 15-3in S + CA 15-3, NSE and CEA in PF 80.0 100.0 100.0 81.3 89

PPV: positive predictive value, NPV: negative predictive value, S: serum, PF: pleural fluid
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of tumor markers differs in various settings which have dif-
ferent etiologies with different rates in malignant and benign
pleural effusions. Accordingly, we suggest the diagnostic
usefulness of CA 15-3 / NSE / CEA combination in South-
ern Iranian patients with pleural effusion.
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