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ABSTRACT

The tumor markers such as Neuron Specific Enolase (NSE), carcino-embryonic antigen (CEA), cytokeratin fragment 21-1 (CYFRA
21-1), cancer antigen 15-3 (CA 15-3) and Tissue Polypeptide Specific antigen (TPS) are considered diagnostically useful in the
assessment of lung cancer with different sensitivities and specificities in variable settings. In this regard, the present study describes
the results of determination of the tumor markers NSE, CA 15-3 and CEA in blood and pleural fluid of patients with pleural effusions,
and to evaluate their usefulness as a non-invasive method for differentiating between benign and malignant conditions. Sixty nine (n =
69) patients during the period, February 2006 to March 2009, were included in the study. Thirty eight (n = 38) out of 69 patients were
grouped as malignant cases, sub-classified as NSCLC, SCLC, Breast cancer etc, where as n = 31 were found to have benign lung
disease (tuberculosis). All 31 patients with tuberculosis pleurisy were classified as patients with benign condition and used as
comparative group. Blood and pleural fluid samples were analyzed for NSE, CA 15-3, and CEA using electrochemiluminescence
(ECL) technology on automated immunoassay analyzer according to manufacturer’s advice. Comparative study was performed
individually for each malignant condition such as SCLC, NSCLC, breast carcinoma, and others (such as lymphoma and
mesothelioma). In pleural fluid, NSE levels were noted to be significantly raised (P< 0.001) when compared with CEA and
moderately raised (P< 0.01) when compared with CA 15-3 in SCLC group of patients. However, in NSCLC group, elevation pattern
of NSE was moderately significant (P< 0.01) when compared with CEA and non-significant when compared with CA 15-3.
Furthermore, levels of NSE observed to be low or in same range when compared with CA 15-3 and CEA in breast cancer and other
malignant conditions. CA 15-3 was found to be significantly elevated in NSCLC with moderate capacity (P <0.01), with strong
capacity in breast (P< 0.0001) and with mild capacity in other malignant conditions (P<0.05) when compared with both NSE and
CEA. Similar pattern of elevation and moderate significance was noted in serum levels of NSE, CA 15-3 and CEA in SCLC, NSCLC
and breast malignancy patients.

In conclusion NSE seems to be the most significant marker in pleural fluid for SCLC patients since it exhibited three fold elevations in
its levels when compared with serum levels in same group of patients, followed by its moderate significance for NSCLC patients. CA
15-3, on the other hand, was found to be highly significant marker for breast cancer and moderately significant marker for NSCLC
and other malignant conditions.

Key words: Neuron specific enolase (NSE), carcino-embryonic antigen (CEA), cancer antigen 15-3 (CA 15-3),
pleural effusions, malignant pulmonary diseases.

INTRODUCTION

A majority of malignant conditions lead to pleural effusion during the course of the disease progression
(Wagner et al., 2007). It is well documented that one of the major malignant disease, which is most often associated
with pleural effusion is lung cancer, and accounts for up to 30% of all cases of malignant pleural effusions
(Ghayumi et al., 2005; Lyubimova et al., 2002; Molina et al., 2008; Mumbarker et al., 2006; Wagner et al., 2007).
In clinical and diagnostic setting, the evaluation of etiology of pleural effusion is frequently a dilemma, especially
when differentiation is imperative between malignant and benign pleural effusions (Esscher et al., 1985; Ghayumi et
al., 2005; Lee and Chang, 2005; Wagner et al., 2007). It is reported that such differentiations is a necessacity for
better treatment and prognosis (Light, 2001; Niwa et al., 1997; Wagner et al., 2007). Statistics for the year 2000 for
the United States shows that the annual number of new cases of pleural effusion is over 1,000,000, approximately
200,000 of which are found to be associated with a malignant disease (ATS, 2000; Lodden Kemper, 1998; Wagner
et al., 2007). Attempts have been made in last two decades to improve the identification of malignant cases by
assessing the usefulness of biological tumor markers (Ghayumi et al., 2005; Lee and Chang, 2005; Lyubimova et
al., 2002; Miedouge et al., 1999; Molina et al., 2008; Wagner et al., 2007). These tumor markers are
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macromolecules produced by neoplastic cells or whose production is increased in the presence of malignant
condition (Malkin et al., 1992; Wagner et al., 2007). It is thoroughly reported in literature that these markers can be
detected in various biological specimens such as blood, serous liquid, and tissue samples (Ferrer, 2000; Ghayumi et
al., 2005; Lee and Chang, 2005; Wagner et al., 2007). Various studies have reported the diagnostic usefulness of a
number of tumor markers such as Neuron Specific Enolase (NSE), carcino-embryonic antigen (CEA), cytokeratin
fragment 21-1 (CYFRA 21-1), cancer antigen 15-3 (CA 15-3) and Tissue Polypeptide Specific antigen (TPS) in lung
cancer (Buccheri and Ferrigno, 2001; Esscher et al., 1985; Fenton and Richardson, 1995; Ghayumi et al., 2005;
Gross, 1999; Lee and Chang, 2005; Molina et al., 2008; Mumbarker et al., 2006; Porcel et al., 2004; Satoh et al.,
1995) with different sensitivities and specificities in variable settings (Braga, 1990; Dejsomritrutai et al., 2001;
Esscher et al., 1985; Ghayumi et al., 2005; Malkin et al., 1992).

The present study describes the results of determination of the tumor markers NSE, CA 15-3 and CEA in blood
and pleural fluid of patients with pleural effusions to evaluate their usefulness as a non-invasive method of
differentiating between benign and malignant conditions.

MATERIALS AND METHODS

Protocols described by Wagner et al., (2007) were followed to execute various steps in the present study. The
patients were composed of sixty nine (n = 69) consecutive cases referred to the department of Biochemistry, Liaquat
National Hospital and Medical College and department of Pathology, Govt Layri General Hospital, Karachi between
February 2006 to March 2009 for the investigation of pleural fluids and effusions were included in the study. The
demographic data (age, gender, and profession), smoking habits of patients as well as the aspect of the pleural fluid,
respiratory symptoms, information on past/present diseases, complimentary examinations, and recent/present use of
medication were collected as per protocols detailed earlier (Wagner et al., 2007). The criteria detailed by Light
(2000), were considered for assessment of exudates and transudates such that the effusion was considered malignant
when the cytopathologic study of the pleural fluid indicated malignancy. The pleural effusion was considered benign
when the cytopathologic study of the pleural fluid was found negative for malignancy. Furthermore the pleural
fluids was noted as benign if its accumulation was accompanied by parapneumonia or empyema (Light, 1995; as
noted in Wagner et al., 2007), tuberculosis, congestive heart failure or liver diseases.

Collection of blood and pleural fluids/effusions.

Thirty eight (n = 38) out of 70 patients were grouped as malignant cases where as 32 were found to have benign
lung disease (n = 31 with tuberculosis and n = 1 with pneumonic effusion). However, for a single group clarity, only
31 patients with tuberculosis pleurisy were classified as patients with benign condition and used as comparative
group. Blood samples and pleural fluids were simultaneously collected to determine the levels of tumor markers.
All samples which were sent to laboratory for biochemical investigations were stored in aliquots of 1.5 to 2.0 ml at -
25°C until further use.

Determination of tumor markers.

The electrochemiluminescence (ECL) technology was used to determine the levels of NSE, CA 15-3, and CEA
on automated immunoassay analyzer Elecsys 2010 (Roche Diagnostics, Basel) according to manufacturer’s advice.
The values established for the respective markers in the serum were; CEA less than 4.6 ng/ml (non-smokers), less
than 10.0 ng/ml (smokers); CA 15-3 less than or upto 40 ng/ml (Wagner et al., 2007) and NSE less than or equal to
15 ng/ml.

Statistical Analysis:

All data were expressed as mean + standard deviations (SD). Statistical analysis was performed using statistical
software (SPSS ver 13 Chicago, IL). Differences between the two groups were evaluated using the student “t” test
and Pearson’s correlation and statistical significance level was at least P < 0.05.

RESULTS

Of the 69 patients, 38 (55.10%) were diagnosed with malignant pleural effusion, 31 (44.90%) with benign
effusion of tuberculosis. The gender base distribution was 34.80% males (n = 24) and 20.30% females (n= 14) in
malignant group with mean age of 61.29 + 20.16 yrs whereas benign group includes 31.90% males (n = 22) and
13.00% females (n =9) with mean age 54.20 + 15.16 yrs (Table 1). The etiologic diagnoses of the cases of pleural
effusion are summarized in Table 2.
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Table 1. Distribution of the malignant and benign groups by age and gender.

Variables

Malignant pleural effusion
(n =38, 55.10%)

Benign pleural effusions
(n =31, 44.90%)

Age (years)

61.29 + 20.16°

54.20 + 15.16°

Gender = Males

34.80% (n = 24)

31.90% (n = 22)

= Females

20.30% (n = 14)

13.00 (n = 9)

®Data presented as mean + standard deviation. Percent distribution was calculated as per total number of patients (n = 69)

Table 2. Etiological distribution of the cases of malignant and benign pleural effusion.

Causes N

Malignant 38

I-secondary to carcinoma

a) Lung 24 (divided into SCLC, NSCLC)
i) SCLC 19
ii) NSCLC 5

b) Breast 6

¢) other malignancies

3 (neck, oral, gastric)

I1-secondary to other tumor types

a) Lymphoma

b) Mesothelioma

) Melanoma

I11-Tuberculosis

WL |k, W

1

Table 3. Mean + standard deviation (ng/ml) of tumor markers NSE, CA 15-3 and CEA obtained in the serum and

pleural fluid of the patients with malignant or benign pleural effusion.

Markers Malignant Benign

Pleural fluids n = 38 Serum n = 38 Pleural fluid n =31 Serumn =31
NSE 60.30 + 15.10 20.10 £ 5.15 9.00+£2.10 3.00£0.80
CA 15-3 59.11 + 16.35 31.14 + 8.66 11.26 + 3.50 10.16 + 2.45
CEA 25.60 £ 13.21 5.50 + 1.45 1.20+0.95 1.20+0.90

Table 4. Mean + standard deviation (ng/ml) of the markers NSE, CA 15-3 and CEA in pleural fluids of patients with

various malignant conditions.

Markers SCLC NSCLC Breast cancer Others”
n=19 n=>5 n==6 n==8

NSE 102.20 + 25.10% 50.10 + 14.20 23.10+4.85 21.10+6.18

CA 15-3 79.00 +18.60*° 89.35 + 15.60° 101.15 + 22.25° 56.55 + 10.62°

CEA 2950 +1151 40.66 + 21.54 50.21 + 14.90 28.26 + 8.35

“Other malignant conditions include neck, oral, gastric, lymphoma, mesothelioma, melanoma.
3Significant at P< 0.001 when compared with CEA only

*Significant at P< 0.01 when compared with NSE and CEA

“Significance at P< 0.0001 when compared with CEA and NSE

YSignificance at P< 0.05 when compared with CEA and NSE

®Significance at P< 0.05 when compared with NSE only
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Table 5. Mean * standard deviation (ng/ml) of the markers NSE, CA 15-3 and CEA in serum of patients with
various malignant conditions.

Markers SCLC NSCLC Breast cancer Others”
n=19 n=>5 n==6 n==8

NSE 49.20 + 11.40° 25.35+ 14.62 15.37 £ 6.20 10.70 + 7.60

CA 15-3 30.40 + 10.10%° 46.20 + 13.35 80.30 + 20.71° 23.15 + 8.92°

CEA 9.26 +2.10 11.60 + 3.20 13.10+ 6.6 8.29 +256

“Other malignant conditions include neck, oral, gastric, lymphoma, mesothelioma, melanoma.
&Significant at P< 0.0001 when compared with CEA only

*Significant at P< 0.01 when compared with NSE and CEA

‘Significance at P< 0.0001 when compared with CEA and NSE

“Significance at P< 0.05 when compared with CEA and NSE

®Significance at P< 0.05 when compared with NSE onl

Table 3 describes the mean £ SD levels of tumor markers, NSE, CA 15-3 and CEA for the pleural fluids, both
in malignant and benign groups. In the patients with malignant pleural effusions, cumulative levels of NSE and CEA
were significantly higher in the pleural fluid than in the serum (P < 0.001). However, regarding CA 15-3, moderate
significance (P < 0.01) was noted in difference between the serum and pleural fluid in same group.

In the cases of benign pleural effusion, NSE levels were moderately higher in the pleural fluid than in the serum
(P <0.01), whereas no significant difference was noted in the levels of CEA and CA 15-3.

To further elaborate the significance level of tumor markers in pleural fluids and serum, comparison was also
performed separately for each malignant condition such as SCLC, NSCLC, breast carcinoma etc (Table 4, 5). In
pleural fluid, NSE levels were noted to be significantly raised (P< 0.001) when compared with CEA and moderately
raised (P< 0.01) when compared with CA 15-3 in SCLC group of patients. In NSCLC group, elevation pattern of
NSE was moderately significant (P< 0.01) when compared with CEA and non-significant when compared with CA
15-3. However levels of NSE observed to be low or in same range when compared with CA 15-3 and CEA in breast
cancer and other malignant conditions. CA 15-3 was found to be significantly elevated in NSCLC (P <0.01), breast
(P< 0.0001) and other malignant conditions (P<0.05) when compared with both NSE and CEA. Furthermore,
although much lower in concentrations, but also similar pattern of elevation and moderate significance was noted in
serum levels of NSE, CA 15-3 and CEA in SCLC, NSCLC and breast malignancy patients.

In present study NSE seems to be the most significant marker in pleural fluid for SCLC patients since it
exhibited three fold elevations in its levels when compared with serum levels in same group of patients, followed by
its moderate significance for NSCLC patients. However, CA 15-3 was found to be the moderately significant marker
for NSCLC and other malignant conditions, and highly significant for breast cancer.

DISCUSSION

It has been constantly argued that differential diagnosis between benign and malignant pleural effusion
represents a distinctive challenge (Esscher et al., 1985; Ghayumi et al., 2005; Lee and Chang, 2005; Lyubimova et
al., 2002; Sahn, 1997; Wagner et al., 2007). Among the potential factors responsible for this difficulty are the
inadequate collection method, laboratory manipulation of the pleural fluid, as well as an insufficient volume of
pleural material (Romero et al., 1996; Wagner et al., 2007). During last two decades, attempts have been made by
scientists, researchers, in collaboration with clinicians and oncologists, to explore other scientific and diagnostic
tools, such as determination of tumor markers, to establish their potential usefulness as an alternate method; more
efficient, less invasive and economical, for identifying as well as differentiating malignant and benign pleural
effusions (Esscher et al., 1985; Lee and Chang, 2005; Molina et al., 2008; Wagner et al., 2007). In this regard,
several tumor markers including NSE, CEA, CA 15-3, CYFRA 21-1, TPS have been studied and explored for
malignant lung disease such as NSCLC, SCLC and benign conditions such as tuberculosis (Fernandes et al., 1996;
Gross, 1999; Lyubimova et al., 2002; Mumbarkar et al., 2006; Wagner et al., 2007). However, it was pointed out
that comparisons among such studies to draw a definite conclusion is difficult due to differences in the numbers and
types of markers evaluated, uniformity in the laboratory technology used in various studies and establishment of cut-
off points to determine specificity/sensitivity, in addition to the detection of markers in benign diseases and the
prevalence of the tumor type in the groups studied (Wagner et al., 2007). To overcome such lacunae, several studies
have been by utilizing a combination of more than one marker to increase their sensitivity in detecting malignant
conditions (Hillas et al., 2008; Porcel et al., 2004; Romero et al., 1996; Shitrit et al., 2007; Villena et al., 2003;
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Wagner et al., 2007) and especially those related to pulmonary area. In a significant study documented earlier
(Wagner et al., 2007), a combination of tumor markers CEA, CYFRA21-1, and CA 15-3 were chosen because of the
observation that the majority of the such studies conducted earlier have at least two of these in their marker panel,
suggesting that their inclusion would increase the diagnostic sensitivity and specificity in the detection of malignant
pleural effusion (Ferrer et al., 1999; Porcel et al., 2004; Shitrit et al., 2005; Trape et al., 2004; Wagner et al., 2007).

For our present study also, we have determined three markers, NSE, CA 15-3 and CEA in patients with lung,
breast and related cancers as well as benign pulmonary conditions to establish their potential usefulness in detecting
malignant pleural effusions and differentiating it from benign ones. In the study, NSE was noted to be the most
significant markers in pleural effusions from SCLC patients when compared with CEA and CA 15-3 and exhibited
three fold raise in its concentrations when compared with the serum levels in same group of patients. It also
exhibited moderate significance for pleural fluid for NSCLC patients when compared with other two markers.
Another tumor marker, CA 15-3 also showed moderate significance for SCLC, NSCLC and other malignant
conditions when compared with NSE in pleural effusions and serum. However, it also manifested high significance
for breast cancer related pleural effusions, surpassing both NSE and CEA. CEA, on the other hand, although showed
raised concentration in pleural fluids than serum, but elevation was moderate as compared to NSE and CA 15-3, and
also devoid of any specific pattern of elevation in all malignant conditions.

For the three markers studied, there were statistically significant differences between the serum and pleural fluid
samples, as well as between their concentration levels in malignant and benign forms of pleural effusion. These
results are in agreement with what has been reported in other studies (Molina et al., 2008; Mumbarkar et al., 2006;
Porcel et al., 2004; Romero et al., 1996; Villena et al., 2003; Salama et al., 1998; Wagner et al., 2007). It was
documented that the use of the tumor marker combinations such as NSE, CEA, CA 15-3 or CYFRA 21-1 presents
significantly greater sensitivity for the identification of malignancy than did the cytopathological study (Esscher et
al., 1985; Ghayumi et al., 2005; Trape et al., 2008).

Regarding the studies carried out for individual markers, Kuralay et al (2000) reported a much higher sensitivity
and specificity for NSE in pleural fluid, however Alatas et al., (2001) did not observe any difference between NSE
level in malignant and benign conditions. Therefore, besides cut-off level, it was believed that other factors might
interfere with the observed specificities and sensitivities. Furthermore, elevated pleural fluid levels of NSE were
found in 75% of cytology-positive SCLC patients at diagnosis (Esscher et al., 1985). This percentage is almost
equivalent to positive rate in serum NSE levels in SCLC patients, which was noted to be in the range of 65-94%
(Carney et al., 1982). Moreover, elevated pleural fluid levels of NSE were found only in two of 37 carcinomatous
pleural effusions in NSCLC, in two of 39 tuberculous pleural effusions and in none of ten cytology-negative SCLC
pleural effusions at diagnosis (Esscher et al., 1985). Raised levels of NSE were also seen in serum lung cancer
patients as well as in pleural effusion with lung cancer patients (Mumbarkar et al., 2006). In a related study, pleural
fluid’s NSE in SCLC was reported to be significantly higher than in NSCLC and consequently demonstrated its
usefulness in pleural fluid to distinguish SCLC from NSCLC (Lee and Chang, 2005; Shimokata et al., 1989). As
regard CEA, it was found to be a moderately significant tumor marker in pleural fluid, however not in accordance
with previous reports (Pastor et al., 1997; Villena et al., 1996).

As stated earlier various combinations of tumor markers, especially CEA and NSE increase their efficacy.
Therefore Menard et al., (1993) reported that the determination of NSE in pleural fluid improved the sensitivity of
CEA alone. Furthermore, in pleural fluid, the determinations of both CEA and NSE were rather superior to those of
all three: CEA, NSE, and CYFRA 21-1 (Menard et al., 1993). Interestingly concurrent measurements of CYFRA
21-1 and CEA in serum increased both sensitivity and specificity vs CEA alone, whereas the addition of NSE to
CEA determination, in addition to CYFRA 21-1, increased sensitivity.

CA 15-3, which is best known for breast cancer, exhibited 59.5% sensitivity and 63.6% specificity in a study
reported earlier with a significant difference between malignant and benign conditions of patients (Ghayumi et al.,
2005). Serum CA 15-3 has been reported earlier to have 86% sensitivity and 67% specificity in differentiating
malignant and benign pleural effusions (Ghayumi et al., 2005). Moreover, an evaluation study conducted earlier
regarding the sensitivity and specificity of CA 15-3 in pleural fluids of lung cancer patients were found to be in
accordance other investigators, however exhibited a much higher pattern than reported in few later reports
(Ghayumi et al., 2005; Romero et al., 1996; Villena et al., 1996).

It was suggested that the best combination of tumor markers could be obtained by measurement of CA 15-3 in
serum and pleural fluid in addition to NSE in pleural fluid that can brought 100% specificity and 100% PPV with
76.5% sensitivity (Ghayumi et al., 2005).Additionally, a higher sensitivity (80%) with the same level of specificity
(100%) could be obtained by additional measurement of CEA in pleural fluid (Ghayumi et al., 2005). In coincidence
with our study, highly significant difference have not been observed between serum CEA level of malignant and
benign diseases, however this has not been the case in pleural effusion studies that exhibited raised values in
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malignant pleurisy. The results observed by Ferrer et al. (1999), therefore, suggested that CEA was the best serum
tumor marker in lung cancer patients. In addition, Marel et al., (1995) and Hernandez et al. (2002) reported a
significant difference between serum CEA level of patients with malignant pleural effusion compared to those with
benign pleural effusion. It has been suggested in few studies that in patients with empyema and parapneumonic
effusion, elevated serum levels of CEA can be detected (Garcia-Pachon et al., 1993; Mckenna et al., 1980; Pinto et
al., 1992; Romero et al., 1986; Whiteside and Dekker, 1979). Similarly, elevated level of CEA in CHF has also been
reported (Whiteside and Dekker, 1979).

In conclusion and reviewing the related studies in cases of suspected malignancy and inconclusive initial
findings, tumor marker level or concentration of a combination of tumor markers should be determined prior to the
performance of invasive procedures. The present study represents the investigation of potential usefulness of tumor
markers in pleural effusions to distinctively differentiate malignant disease from benign conditions. Our findings
demonstrate that determining pleural fluid levels of a combination of tumor markers, such as NSE and CA 15-3 in
addition to CEA, is useful in differentiating between benign and malignant pleural effusions.
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