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The diagnostic value of serum and bronchoalveolar lavage (BAL) levels of Neuron Spesific Enolase (NSE) in pulmonary 
malignancies were evaluated. Thirty-one patients with primary pulmonary carcinomas (12 small cell lung cancer-SCLC 
and 19nonsmall cell lung cancer-NSCLC) and 11 patients with benign lung disease were included in this study. 
NSE levels in serum and BAL were significantly higher in SCLC (p<0.05) when compared to NSCLC and benign cases. In 
BAL standardized by total protein, NSE levels were significantly higher only in SCLC cases, compared with benign cases 
(p<0.05). [Turk J Med Res 1994; 12(5): 206-209] 
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An acidic protein of the brain t issue; 14-3-2 is a 
specific protein for neurons. Nowadays, this protein is 
known as neuron specific enolase, cell specific isoen­
zyme of enolase which is a glycolytic enzyme (1,2). 

Immunreactivity of NSE is present in all diffuse 
neuroendocrine systems, including the lungs. Usually, 
anaerobic glycolyt ic enzyme activity enhances in 
malignant tissues and NSE , being a glycolytic enzyme, 
is found elevated in neuroendocrine malignancies, in­
cluding small cell lung carcinoma (3,4). 

In our study, serum and bronchoalveolar lavage 
(BAL) levels of N S E is evaluated in order to determine 
the value of N S E in differentiating between pulmonary 
malignancies and benign pulmonary diseases. 

MATERIALS AND METHODS 
In Ataturk Pulmonary Diseases and Surgery Center, 
42 patients were evaluated between January 1992-
May 1992. Thirty-eight patients were male and four 
were female. Median age was 52.5 (17-76). Thirty-one 
patients had primary pulmonary malignancy. Eleven 
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patients with benign pulmonary disease were taken as 
control group (Table 1). 

Diagnosis of pulmonary neoplasm was made by 
histopathological or cyto logical evaluat ion of the 
specimens taken by bronchoscopy, computed tomog­
raphy (CT) guided needle aspiration biopsy or surgery. 

In control group, there were five patients with 
pneumonia. While an etiological agent couldn't be 
detected in four of them, one was serologically positive 
for Mycoplasma pneumonia. There were three patients 
with pu lmona ry t u b e r c u l o s i s (1 m i l i a ry , 1 en ­
dobronchial, 1 parenchyma tuberculosis). Diagnosis of 
miliary tuberculosis was made by b ronchoscop ic 
transbronchial biopsy and endobronchial tuberculosis 
by bronchoscopic forceps biopsy. 

Olympus BF Type I T-20-D (Olympus-Hyde Park 
New York) fiberoptic bronchoscope was used for the 
study. 

In 24 cases of pulmonary carcinoma, B A L was 
performed in the involved segment and in 5 cases 
with no endobronchial lesion, it was performed in the 
segment detected by CT or conventional radiography. 

In control group, BAL was performed from the in­
volved segment. It was performed in middle or lingular 
lobes in disseminated disease cases. Interventions like 
biopsy and brushing were not performed before BAL. 
Hemorrhagic lavages were excluded from the study. 

After bronchoscope was introduced to the in­
volved segment, 80 ml of saline was given in aliquoits, 
each containing 20 ml. Suction was applied after each 
instillation. 
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Table 1. Characteristics of the patients 

Diagnosis Number of Patients 

Primary pulmonary malignancies 31 
SCLC 12 
NSCLC 19 

Squamous cell carcinoma 10 
Adenocarcinoma 7 • 
Bronchoalveolar cell carcinoma 1 
Large cell carcinoma 1 

Control 11 
Pneumonia 5 
Pulmonary tuberculosis 3 
Bronchiectasis 1 
Chronic obstructive pulmonary disease 1 
Chondroma 1 

Every BAL sample was centrifugated at 3500 rpm 
for ten minutes and then stored at -20°C. 

N S E was measured by ELISA method using CIS 
Biointernational E I A - N S E KIT. In several previous 
studies cut off value for serum NSE was reported as 
12.3 ng/ml or 16 ng/ml (5-10). We took the cut off 
level as 16 ng/ml. 

B A L cut off level was accepted as 12.5 ng/ml in 
Kosmas's study (9) and 16 ng/ml in Macchia's study 
(6). In our study, we accepted NSE cut off value as 
30 ng/ml for standardized BAL and 20 ng/ml for non-
standardized BAL. 

Total protein levels in BAL were measured by 
"Lowry's" method. We used total protein as the refer­
ence protein denominator assuming that it is diluted to 
the same degree as tumor markers by the instilled liq­
uid. 

Statistical analysis was made by "Student-t" test. 

Evaluating the results of serum and BAL N S E 
levels to predict the diagnosis of S C L C and N S C L C , 
we calculated sensitivity, specificity and the predictive 
values of these variables, expressing the fractions as 
percentages. The following equations were used: 

Sensitivity (S) -

Specificity (Sp) -

Number of patients with cancer who 
have a positive test (True positive) 

Number of patients with cancer 

Number of patients without cancer 
who have a negative test (True negative) 

Number of patients without cancer 

Prevalance (P)=lncidence of disease in the population studied 

(S)x(P) 
Positive predictive value (PPV) 
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Table 2. Median±Standard error (SE) N S E values of the 
groups 

NSE Benign SCLC NSCLC 

Serum* 19.81 ±0.33 36.41 ±0.44 17.21 ±0.11 
BAL* 13.54±0.1 19.8±0.25 14.26±0.1 
Standardised 
BAL** 85.99±0.79 44.63±0.49 86.89±0.58 

ng/ml 
ng/mg 

RESULTS 
In our study, serum leve ls of N S E were found 
elevated in 83.3% of S C L C group, 67.8% of N S C L C 
and 45.4% of benign pulmonary disease group. 

Median NSE levels in serum, BAL and standar­
dised BAL are given in Table 2. 

N S E level distribution of the groups in serum, 
BAL and standardised BAL are shown in Figure 1. 

In our study, serum N S E levels of S C L C group 
was found significantly higher than the N S E levels in 
N S C L C and benign pulmonary disease group (p<0.05). 
The difference in N S E levels of N S C L C group and 
benign pulmonary disease group was not statistically 
significant (p>0.05). 

(S)(P)+(1-Sp) (1-P) 
Figure 1. NSE level distribution of the groups in serum, BAL 
and standardised BAL 
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Table 3. Standardised BAL, BAL and serum N S E levels, 
sensitivity, specificity and positive predictive values 

Specificity Sensitivity ppv 

(%) (%) (%) 

Serum LC 36 73 81 
SCLC 36 83 66 

BAL LC 45.4 48.8 88 
SCLC 33 97 44 

Standardised LC 36 58 69 
BAL SCLC 50 13 23 

Non s tandard ised B A L N S E levels o f S C L C 
group was significantly higher than the N S C L C and 
benign pulmonary disease group (p<0.05). The dif­
fe rence between benign pulmonary d i sease and 
N S C L C group was not statistically significant (p>0.05). 

When standardised BAL levels were compared, 
S C L C group showed significantly higher levels than 
the benign pulmonary disease group (p<0.05). The dif­
fe rences between pulmonary d i sease group and 
N S C L C ; S C L C and N S C L C were not statistically sig­
nificant (p>0.05). 

Standardised BAL, BAL and serum NSE levels, 
sensitivity, specificity and ppv results of the groups are 
shown in Table 3. 

DISCUSSION 
Measurable substances in tissues and body fluids like 
cerebrospinal fluid, B A L and serum are required in pul­
monary malignancies, for early cancer detection, for 
establishing the extent of disease and evaluating the 
response to treatment. More than fourty biochemical 
markers consisting regulatory peptides, peptide hor­
mones, enzymes, tumor associated tissue antigens 
and gens are known, till now (2,5,11). 

None of the markers is tumor-specific, because 
each can be detected in tissue and body fluids of 
patients with benign d isease and normal subjects 
(6,12). Specificity of tumor markers haven't exceeded 
70% in the studies performed (6). 

Nowadays, tumor markers are rather used as 
parameters assisting the diagnosis than establishing 
the diagnosis in mal ignancy suspected individuals. 
Sometimes analysis of more than one tumor marker is 
proposed in malignancies for this purpose including 
pulmonary carcinomas (6). 

Tumor markers in lavage may not be used for 
screening purposes. However, they are valuable as an 
aid in the diagnosis of patients who undergo bronchos­
copy as part of their evaluation for possible pulmonary 
mal ignancy. Convent iona l bronchoscopy is highly 
specific but has relatively low sensitivity, particularly 
when dealing with solitary pulmonary nodules. There­
fore, in the patient with negative bronchoscopy find-
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ings, further testing is necessary. The sensitivity of the 
procedure increases substantially when the results of 
conventional bronchoscopy and tumor marker levels in 
lavage are combined (12). 

N S E is an eno iase isoenzyme found at high 
levels in neurons and neuroendocrine cells. This tumor 
marker is found elevated in neuroendocrine malignan­
cies like S C L C and neuroblastoma (13). High serum 
leve ls are detec ted in 7 0 % of unt reated S C L C 
patients. Moreover, elevated serum N S E levels are 
detected in N S C L C and malignancies derived from 
other organs. However, the levels in progressive 
N S C L C cases are four-five fold higher than the levels 
in other progressive malignancies (1,13). 

Studies performed revealed that serum N S E 
levels are useful to follow up the treatment response 
and to detect metastases and relapse (5,7,14-20). 
Studies indicating the contrary of this concept are also 
reported (8,21 -23). 

Burghuber and coll, assented the cut-off value of 
serum N S E as 12.3 ng/ml. They found that serum 
NSE levels are significantly higher in S C L C patients 
than N S C L C cases (7). Various studies supporting this 
concept has been reported (8,14,15,24-26), Sensitivity 
and spesificity of serum N S E levels found in various 
studies are 23% to 76% and 85% to 93%, respectively 
(24,27). 

Serum NSE levels in limited and extensive stage 
S C L C has been evaluated in various studies and is 
found significantly higher in extensive stage disease 
(8-10,14,17,19,25-27). Sensitivity is found 100% in a 
study performed on extensive stage S C L C patients 
(27) . Reports are also present in favor of the contrary 
(28) . 

Kosmas et al, found that B A L N S E levels are 
elevated along with the serum levels in extensive 
stage S C L C patients. However, they declared that 
values are inadequate to remark a statistical s ig­
nificance. In the same study serum and B A L N S E 
levels in N S C L C patients were also elevated. But they 
were not as high as the levels detected in S C L C 
patients (9). Sensitivity of BAL and serum N S E levels 
were 85.7%, 57%, respectively. Specificities were both 
76% (9). 

Macchia and Coll, in their study, found BAL NSE 
positivity in 71% of S C L C patients, while it was 30% 
in N S C L C group (6). 

Serum N S E levels found in our study correlates 
with the literature, but there are a few studies inves­
tigating NSE levels of BAL and standardised BAL. As 
we have mentioned above, NSE levels in nonstandar-
dised BAL is found significantly higher in S C L C group 
than N S C L C group and benign pulmonary d isease 
group. 

Sensitivity and specificity of serum, B A L and 
standardised BAL levels in our study, also shows cor­
relation with the literature. 
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Table 1. Characteristics of the patients 

Diagnosis Number of Patients 

Primary pulmonary malignancies 31 
SCLC 12 
NSCLC 19 

Squamous cell carcinoma 10 
Adenocarcinoma 7 
Bronchoalveolar cell carcinoma 1 
Large cell carcinoma 1 

Control 11 
Pneumonia 5 
Pulmonary tuberculosis 3 
Bronchiectasis 1 
Chronic obstructive pulmonary disease 1 
Chondroma 1 

Every BAL sample was centrifugated at 3500 rpm 
for ten minutes and then stored at -20°C. 

N S E was measured by ELISA method using CIS 
Biointernational E I A - N S E KIT. In several previous 
studies cut off value for serum NSE was reported as 
12.3 ng/ml or 16 ng/ml (5-10). We took the cut off 
level as 16 ng/ml. 

BAL cut off level was accepted as 12.5 ng/ml in 
Kosmas's study (9) and 16 ng/ml in Macchia's study 
(6). In our study, we accepted N S E cut off value as 
30 ng/ml for standardized BAL and 20 ng/ml for non-
standardized BAL. 

Total protein levels in B A L were measured by 
"Lowry's" method. We used total protein as the refer­
ence protein denominator assuming that it is diluted to 
the same degree as tumor markers by the instilled liq­
uid. 

Statistical analysis was made by "Student-t" test. 

Evaluating the results of serum and BAL N S E 
levels to predict the diagnosis of S C L C and N S C L C , 
we calculated sensitivity, specificity and the predictive 
values of these variables, expressing the fractions as 
percentages. The following equations were used: 

Sensitivity (S) 

Specificity (Sp) -

Number of patients with cancer who 
have a positive test (True positive) 

Number of patients with cancer 

Number of patients without cancer 
who have a negative test (True negative) 

Number of patients without cancer 

Prevalance (P)=lncidence of disease in the population studied 

(S)x(P) 
Positive predictive value (PPV) 
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Table 2. Median±Standard error (SE) N S E values of the 
groups 

NSE Benign SCLC NSCLC 

Serum* 19.81 ±0.33 36.41 ±0.44 17.21 ±0.11 
BAL* 13.54±0.1 19.8±0.25 14.26±0.1 
Standardised 
BAL** 85.99±0.79 44.63±0.49 86.89±0.58 

ng/ml 
ng/mg 

RESULTS 
In our study, se rum leve ls of N S E were found 
elevated in 83.3% of S C L C group, 67.8% of N S C L C 
and 45.4% of benign pulmonary disease group. 

Median N S E levels in serum, BAL and standar­
dised BAL are given in Table 2. 

N S E level distribution of the groups in serum, 
BAL and standardised BAL are shown in Figure 1. 

In our study, serum N S E levels of S C L C group 
was found significantly higher than the N S E levels in 
N S C L C and benign pulmonary disease group (p<0.05). 
The difference in N S E levels of N S C L C group and 
benign pulmonary disease group was not statistically 
significant (p>0.05). 

(S)(P)+(1-Sp) (1-P) 
Figure 1. NSE level distribution of the groups in serum, BAL 
and standardised BAL 
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Table 3. Standardised BAL, BAL and serum N S E levels, 
sensitivity, specificity and positive predictive values 

Specificity Sensitivity ppv 

(%) (%) (%) 

Serum LC 36 73 81 
SCLC 36 83 66 

BAL LC 45.4 48.8 88 
SCLC 33 97 44 

Standardised LC 36 58 69 
BAL SCLC 50 13 23 

Non s tandard ised B A L N S E levels o f S C L C 
group was significantly higher than the N S C L C and 
benign pulmonary d isease group (p<0.05). The dif­
ference between benign pulmonary d i sease and 
N S C L C group was not statistically significant (p>0.05). 

When standardised BAL levels were compared, 
S C L C group showed significantly higher levels than 
the benign pulmonary disease group (p<0.05). The dif­
fe rences between pulmonary d i sease group and 
N S C L C ; S C L C and N S C L C were not statistically sig­
nificant (p>0.05). 

Standardised BAL, BAL and serum N S E levels, 
sensitivity, specificity and ppv results of the groups are 
shown in Table 3. 

DISCUSSION 
Measurable substances in tissues and body fluids like 
cerebrospinal fluid, BAL and serum are required in pul­
monary malignancies, for early cancer detection, for 
establishing the extent of disease and evaluating the 
response to treatment. More than fourty biochemical 
markers consisting regulatory peptides, peptide hor­
mones, enzymes, tumor associated tissue antigens 
and gens are known, till now (2,5,11). 

None of the markers is tumor-specific, because 
each can be detected in tissue and body fluids of 
patients with benign d isease and normal subjects 
(6,12). Specificity of tumor markers haven't exceeded 
70% in the studies performed (6). 

Nowadays, tumor markers are rather used as 
parameters assisting the diagnosis than establishing 
the diagnosis in mal ignancy suspected individuals. 
Sometimes analysis of more than one tumor marker is 
proposed in malignancies for this purpose including 
pulmonary carcinomas (6). 

Tumor markers in lavage may not be used for 
screening purposes. However, they are valuable as an 
aid in the diagnosis of patients who undergo bronchos­
copy as part of their evaluation for possible pulmonary 
mal ignancy. Convent iona l bronchoscopy is highly 
specific but has relatively low sensitivity, particularly 
when dealing with solitary pulmonary nodules. There­
fore, in the patient with negative bronchoscopy find-
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ings, further testing is necessary. The sensitivity of the 
procedure increases substantially when the results of 
conventional bronchoscopy and tumor marker levels in 
lavage are combined (12). 

N S E is an eno lase isoenzyme found at high 
levels in neurons and neuroendocrine cells. This tumor 
marker is found elevated in neuroendocrine malignan­
cies like S C L C and neuroblastoma (13). High serum 
leve ls are detec ted in 7 0 % of untreated S C L C 
patients. Moreover, elevated serum N S E levels are 
detected in N S C L C and malignancies derived from 
other organs. However , the levels in progressive 
N S C L C cases are four-five fold higher than the levels 
in other progressive malignancies (1,13). 

Studies performed revealed that serum N S E 
levels are useful to follow up the treatment response 
and to detect metastases and relapse (5,7,14-20). 
Studies indicating the contrary of this concept are also 
reported (8,21-23). 

Burghuber and coll, assented the cut-off value of 
serum N S E as 12.3 ng/ml. They found that serum 
N S E levels are significantly higher in S C L C patients 
than N S C L C cases (7). Various studies supporting this 
concept has been reported (8,14,15,24-26), Sensitivity 
and spesificity of serum N S E levels found in various 
studies are 23% to 76% and 85% to 93%, respectively 
(24,27). 

Serum N S E levels in limited and extensive stage 
S C L C has been evaluated in various studies and is 
found significantly higher in extensive stage disease 
(8-10,14,17,19,25-27). Sensitivity is found 100% in a 
study performed on extensive stage S C L C patients 
(27) . Reports are also present in favor of the contrary 
(28) . 

Kosmas et al, found that B A L N S E levels are 
elevated along with the serum levels in extensive 
stage S C L C patients. However, they declared that 
values are inadequate to remark a statistical s ig­
nificance. In the same study serum and B A L N S E 
levels in N S C L C patients were also elevated. But they 
were not as high as the levels detected in S C L C 
patients (9). Sensitivity of BAL and serum N S E levels 
were 85.7%, 57%, respectively. Specificities were both 
76% (9). 

Macchia and Coll, in their study, found BAL NSE 
positivity in 71% of S C L C patients, while it was 30% 
in N S C L C group (6). 

Serum N S E levels found in our study correlates 
with the literature, but there are a few studies inves­
tigating NSE levels of BAL and standardised BAL. As 
we have mentioned above, N S E levels in honstandar-
dised BAL is found significantly higher in S C L C group 
than N S C L C group and benign pulmonary d isease 
group. 

Sensitivity and specificity of serum, B A L and 
standardised BAL levels in our study, also shows cor­
relation with the literature. 
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As a conclusion, it can be said that serum NSE 
is a helpful parameter in diagnosis. However the 
results about NSE levels in BAL are controversial, to 
make a definitive decleration, studies on large popula­
tions are needed. 

However, studies with larger populations are 
needed in order to reach a conclusion, about the value of 
NSE levels in BAL in patients with lung cancer. 
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Akciğer kanserlerinde nöron spesifik enolaz 
(NSE) serum ve bronkoalveoler lavaj 
düzeylerinin tanı değeri 

Küçük hücreli akciğer kanserlerinde serum ve 
bronkoalveoler lavaj (BAL) NSE düzeylerinin tanı-
sal değerinin araştırılması amaçlandı. 12 küçük hü­
creli, 19 küçük hücre1 dışı akciğer kanserinden 
oluşan 31 primer akciğer kanserli ve 11 benign 
akciğer hastalıklı olgu çalışma kapsamına alındı. 

Küçük hücreli akciğer kanseri bulunan olgularda, 
serum ve BAL NSE düzeyleri, küçük hücre dışı 
akciğer kanserli ve benign hastalıklı olgulara oran­
la anlamlı yüksek bulundu (p<0.05). Total protein 
ile standardize edilen bronkoalveoler lavajda ise 
NSE düzeyi, yalnızca küçük hücreli akciğer kan­
serli olgularda benign gruba göre anlamlı yüksek­
lik gösterdi (p<0.05). 
[Turk JMed Res 1994; 12(5): 206-209] 
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