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SUMMARY: 

Study objectives: We evaluate the accuracy of pleural interleukine-6 (IL-6), transforming growth factor-beta 1 
(TGF-β1 ), and vascular endothelial growth factor (VEGF) levels for differentiating benign from malignant 
pleural exudates. 

Patients and methods: Levels of IL-6, TGF-β1, and VEGF were measured by ELISA in 103 patients with non 
neutrophilic (<50%) exudative pleurisy including both benign and malignant effusions. Pleurisies were splitted 
into benign and malignant according to the pathological diagnosis. 

Results: Thirty-nine benign (seven infections; 32 inflammatory diseases) and 64 malignant (34 extrathoracic 
tumors; 25 lung cancers; five mesotheliomas) pleural exudates were diagnosed by thoracoscopy. Pleural reticulo-
monocyte count, protein Light's ratio and lactic dehydrogenase Light's ratio were significantly higher in 
malignant than in benign effusions (p < 0.05, ρ<0.001 and ρ<0.001, respectively). The median (range) level of 
VEGF was significantly higher in malignant than in benign effusions (664.50 pg/ml [10-40,143] vs 349pg/ml 
[10-8888]) (p<0.05). VEGF levels correlated with pleural LDH (r = 0.41, ρ<0.0001), glucose (r = -0.30, p < 0.01 
) and red cell count (r = 0.57, p < 0.0001 ). 

No significant difference was found between malignant and benign effusions with respect to IL-6 (26.8 ng/ml 
[1.8-421] vs 18.4ng/ml [0.45-400], respectively) and TGF-β1 (1079 pg/ml [18-6206] vs 1123 pg/ml [34-5447]) 
levels. 

ROC analysis between benign and malignant pleurisies for VEGF showed an area under the curve of 619             
(p = 0.03) with a value of 382 pg/ml as the best threshold for distinguishing benign from malignant effusions.  

Conclusions: Malignant effusions may enhance the release of VEGF in pleural space and its measurement may 
help in the diagnosis of malignant effusion. 
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INTRODUCTION 

Pleural effusion occurs as a complication of many different diseases and accurate diagnosis is difficult without 
resorting to invasive procedures. Particularly, the diagnosis of malignant pleural effusion is sometimes a 
challenging medical problem because differentiation from benign effusion is often difficult with the currently 
available parameters derived from thoracocentesis. Although being essential for distinguishing between 
transudate and exudate,1 biochemical, microbiological and cytological pleural fluid analyses have poor value for 
identifying the cause of a pleural lymphocytic exudate.2 The sensitivity of cytological examination of pleural 
fluid and blind needle biopsy, even when combined together, is generally less than 75%.3-7 Moreover there is a 
lack of accepted and reliable diagnosis criteria particularly for malignancy based on morphological imaging (CT 
and MR imaging).3,8-10 Metabolic imaging has shown its usefulness11-14 but the technique is not yet largely 
applied because of the financial burden of the material needed. 
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The development of inflammation in the pleura results in an increased vascular permeability and pleural liquid 
accumulation is the result of increased fluid production and/or reduced lymph drainage. This pleural fluid is 
enriched in proteins, inflammatory cells and mediators.3,15 Cytokine-producing cells and cytokines have been 
reported in pleural effusions from patients with malignant as well as benign diseases. 15-21 

Interleukine-6 (IL-6) is a multifunctional cytokine secreted by lymphoid and non lymphoid cells that regulates B 
cell and T cell function and is a potent inducer of the acute-phase protein response.22-24 Conflicting results have 
been reported regarding the ability of IL-6 in distinguishing malignant from benign pleural effusion.19,20,25 

Transforming growth factor-beta 1 (TGF-β1) is a multifunctional cytokine that stimulates cell proliferation and 
angiogenesis in areas of inflammation26 and increases the permeability of mesothelial cells.27 TGF-β1 is 
produced by and acts on mesothelial cells in an autocrine loop. Therefore this mediator may be central in the 
pathogenesis of pleural diseases. High levels of TGF-β1 have been demonstrated in both malignant and 
infectious pleural effusions.28,29 Furthermore, TGF-β1 is a potent fibrogenic cytokine that contributes to fibrin 
deposition and tissue fibrosis in loculated pleural effusion.30 

Finally, vascular endothelial growth factor (VEGF) is a key cytokine in the control of vascular permeability and 
is thought to be important in pleural fluid formation.31 VEGF is able to increase angiogenesis and enhance the 
permeability of vascular endothelial cells.32,33 High VEGF concentrations in pleural effusions were found in 
malignancies including metastasis of the lung or other primary tumors.34 

In this study we have wondered whether the determination of IL-6, TGF-β1, or VEGF pleural fluid levels might 
help in identifying the etiology of non neutrophilic pleural effusions and in particular in differentiating malignant 
from benign effusions. 

MATERIALS AND METHODS 

Patient selection 

Two hundred and seventeen consecutive patients presenting with pleural exudative effusion after thoracocentesis 
were diagnosed in our CHU pneumology unit between 2003 and 2006. In the chemical analysis, pleural effusion 
was considered as an exudate according to Light's criteria,1 that is if pleural effusion met at least one of the 
following criteria: a ratio of pleural fluid protein to serum protein greater than 0.5; a ratio of pleural fluid lactic 
dehydrogenase to serum lactic dehydrogenase greater than 0.6; pleural fluid lactic dehydrogenase level greater 
than two-thirds of the upper limit of the normal value for serum lactic dehydrogenase. Neutrophilic pleurisy 
(>50% neutrophils)2 and empyema were not included in this study. The neutrophilic pleural effusions accounted 
for 53 out of the 217 cases (24%). Additionally among the non neutrophilic exudates, 61 patients (28%) had 
received a diagnosis based on radiological evaluation and thoracocentesis. The patients selected for this study 
were those 103 patients (mean age of 66 ±13.9 years; range 18-96 years; 62 males and 41 females) presenting 
with a non neutrophilic exudative pleural effusion in whom the combination of chest X-ray, thoracic CT 
scanning (PQ 2000 4th generation, Picker, Cleveland, Ohio, USA) and thoracocentesis failed to give an etiologic 
diagnosis, thus justifying the realization of a thoracoscopy with pleural biopsies. This group represented 48% of 
all pleural effusions. In our series the thoracoscopy procedure allowed to establish a diagnosis in each case. 

Pleural fluid analysis 

A successful thoracocentesis of pleural fluid was performed on each subject before thoracoscopy was carried out. 
A first sample was subjected to routine biochemical analysis including tests for pleural protein, glucose, lactic 
dehydrogenase (LDH), and amylase levels. A second sample was added to a tube containing ethylenediamino-
tetraic-potassium anticoagulant for differential cell counting. 

For cytokine measurement, the pleural fluid was centrifuged at 400 g for 10min, at 4°C. The supernatant was 
discarded and kept at -70°C until ELISA was performed. IL-6, TGF-β1 and VEGF cytokines were measured 
according to the following commercially available enzyme-linked immunosorbent assay (ELISA) kits (Cytoset; 
Bio-source, Camarillo, USA for IL-6; Duoset; R and D Systems Europe, Abingdon, UK for TGF-β1 and VEGF). 
The limit of detection was 10 pg/ml for each of the three cytokines. 
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Etiologic diagnosis of pleural exudate 

The final diagnosis of the pleural effusion was obtained by invasive pleural biopsy during a thoracoscopy. When 
a diagnosis of benign disease was established, the patients were followed for at least 18 months to ensure the 
absence of malignant pleural process. Benign pleural effusions were divided into infectious (parapneumonic and 
tuberculosis) vs inflammatory pleurisy. Malignant pleural effusions were divided into three groups: (1) pleural 
metastasis of extra-thoracic cancer, (2) pleural metastasis of primary lung cancer, (3) mesothelioma. 

The size of the pleural effusion was estimated in each patient by the total pleural fluid volume aspirated when 
starting the thoracoscopy procedure. The protocol was approved by the ethics committee, and informed consent 
was obtained from each subject before the study. 

Statistical analysis 

Characteristics of the pleural fluid and pleural cell counts in malignant vs benign pleural effusions were 
compared using the non parametric Mann-Whitney test. For correlations between variables, we used the 
Spearman rank coefficient of correlation. The accuracy of each pleural cytokine to distinguish malignant from 
benign pleural lesions was calculated with receiver operating characteristics (ROC) analyses. Fisher's exact test 
was performed to evaluate the use of two or three Light's criteria as cut-off for distinguishing neoplasic from 
benign pleural effusion. A p value <0.05 was considered as statistically significant. 

RESULTS 

Thoracoscopic biopsies showed benign lesions in 39 patients and malignant pleural effusions in 64. The mean 
age was 65 ± 15 years in the benign group and 66 ± 13 years in the malignant group. The sex ratio was different 
with females accounting for 50% of the malignant group while only representing 23% in the benign group 
(ρ<0.01). In the malignant group, 34 were metastases of extrathoracic tumors: 11 breast cancers, four ovarian 
cancers, four kidney cancers, four pancreatic cancers, four colic tumors, two prostatic neoplasms, one skin 
cancer, one genital carcinoma, one acute leukemia, one laryngeal cancer and one unknown primary carcinoma. 
Twenty-five pleural effusions were secondary to a pleural invasion of a lung cancer (five squamous non small 
cell carcinomas, 18 adenocarcinomas, one large cell carcinoma and one small cell cancer) and mesothelioma was 
diagnosed in five patients. Among the benign pleural diseases, the clinical context, bacteriological and 
histological data led to a final diagnosis of infection in seven patients (five parapneumonic pleurisies, two 
tuberculosis) and inflammatory effusion in 32 patients (one Dressler's syndrome, one chronic pancreatitis, two 
heart failures, one post-radic pleurisy, five benign asbestos pleurisies, one uremic pleurisy and 21 non specific 
chronic inflammatory changes). So far the follow up of all these patients with benign pleural disease has been at 
least 18 months with no disease recurrence or change to pleural malignancy diagnosis. 

There was no significant difference in pleural protein, LDH, glucose and amylase levels between malignant and 
benign pleural effusions. However, protein Light's ratio and LDH Light's ratio were significantly higher in 
malignant effusions (p<0.001 for both). Malignant effusions exhibited a greater proportion of reticulo-monocyte 
cell counts (p<0.05) (Table 1). 

None of the pleural samples showed a positive bacterial growth during the culture even when the pleural effusion 
was deemed to be of infectious origin. 

The median level of pleural VEGF was 664.5 pg/ml [10-40,143] in patients with malignant pleural effusions and 
significantly higher compared to the value of 349 pg/ml [10-8888] found in benign effusions (Table 2 and Fig. 
1). By contrast no significant difference was found in IL-6 and TGF-β1 pleural levels between malignant and 
benign effusions (Table 2). 

Receiver operating characteristic curves are presented in Fig. 2. Only the measurement of VEGF showed a 
significant performance in distinguishing between malignant and benign effusions with an area under the curve 
(AUC) of 619 (p<0.05). Derived from this curve, the best cut-point was found to be 382 pg/ml that gave a 
sensitivity, specificity and accuracy of 69%, 54% and 63% respectively. It was possible to use Light's criteria to 
distinguish neoplasic from benign pleural effusions as long as we used the presence of the three criteria as cut-off 
(Table 3). Combining the three Light criteria gave a relative risk (RR) of 1.97 (95% CI -1.16-3.34, p<0.05) for 
having malignant effusion and sensitivity, specificity and accuracy of 62%, 64% and 63% respectively. 
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VEGF and IL-6 levels did not differ according to the three sub-groups of malignant effusions. However there 
was a strong trend of a raised level of TGF-β1 among the patients suffering from a mesothelioma (1698 pg/ml 
[699-4415]) as compared to those suffering from lung cancer {767 pg/ml (130-2149)} (p = 0.06). We found no 
significant difference in the three cytokines levels according to the etiology of benign effusions. 

Table 1: Pleural cell count and biochemical parameters in malignant and benign pleural effusions 

 Benign pleural effusions Malignant pleural effusions 

RBC/mm3 7200 [40-340,000] 5220 [10-940,000] 
WBC/mm3 640 [117-14,920] 710 [4-1000] 
Neutrophils (%) 6 [0-47] 11 [0-48] 
Lymphocytes (%) 67 [4-98] 50 [0-98] 
Reticulo-monocytes (%) 12.5 [0-78] 23 [0-87]* 
Eosinophils (%) 0 [0-40] 0.5 [0-43] 
Proteins (g/l) 39 [24-59] 42 [10-61] 
LDH <UI/l) 443 [105-9987] 551 [155-3859] 
Amylase <UI/l) 38 [12-22,540] 43 [5-903] 
Glucose (g/l) 0.86 [0.02-1.94] 0.84 [0.18-1.69] 
Protein Pl/Sg ratio 0.57 [0.33-0.82] 0.63 [0.41-0.88]*** 
LDH Pl/Sg ratio 0.97 [0.15-21.6] 1.53 [0.47-7.57]*** 
Values are expressed as median (range). 
*p < 0.05; **p< 0.01 ; ***p < 0.001 ; ****p < 0.0001. 

 

Table 2: Comparison of pleural cytokine levels between benign and malignant pleural effusions 

Pleural 
cytokines 

Benign pleurisy 
(N = 39) 

Malignant pleurisy 
(N = 64) 

IL-6 (ng/ml) 18.41 [0.45-400] 26.83 [1.82-421] 
TGF-β (pg/ml) 1123 [34-5447] 1079 [18-6206] 
VEGF (pg/ml) 349 [10-8888] 664.50 [10-40,143]* 

Values are expressed as median (range). 
*ρ < 0.05; **ρ < 0.01 ; ***ρ < 0.001 ; ****ρ < 0.0001. 
 

Figure 1: Comparison of pleural VEGF levels in malignant vs benign pleural effusions. The dashed line 
represents the limit of detection of our assay. The solid line represents the median value in benign and malignant 
pleurisy. 

  

Pleural VEGF levels were positively correlated with LDH (r = 0.41, p<0.0001) but negatively correlated with 
glucose (r = -0.30, p<0.01) (Fig. 3). No correlation was found with the total pleural proteins levels (r =-0.12, 
p>0.05). Pleural VEGF levels strongly correlated with pleural red cell counts (r = 0.57, p<0.0001) (Fig. 3) but 
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not with pleural leukocytes (r = -0.114, p > 0.05). Finally, pleural VEGF levels strongly correlated with the 
pleural effusion volume (r =0.42, p<0.0001) (Fig. 3). These correlations may reflect the aggressiveness and 
clinical presentation of the effusion.  

 

Figure 2: Receiver operating characteristics (ROC) curves for differential diagnosis of pleural effusion 
(malignant vs benign) by IL-6, TGF-β1 and VEGF. 

 

Table 3: Fisher's exact test for the use of three Light's criteria as cut-off for distinguishing neoplasic from 
benign pleural effusion 

Number of 
Light's criteria 

Benign pleurisy 
(N = 39) 

Malignant pleurisy 
(N = 64) 

Total 
(N= 103) 

<2 24% 23% 47% 
3 14% 39% 53% 
 38% 62% 100% 

p = 0.0142. 

 

DISCUSSION 

Diagnosing the etiology of pleural lymphocytic exudate is sometimes a challenging medical problem because of 
a lack accuracy of non invasive investigations.2-10 Identifying new biochemical fluid markers is therefore suitable 
for differentiating benign from malignant lesions. Our study shows, in a large and well characterized population 
of patients with lymphocytic exudate, that although greater in malignant pleural effusions, pleural VEGF level is 
of a rather limited clinical interest in distinguishing between malignant from benign pleural effusion. 

VEGF is a multifunctional cytokine that increases vascular permeability and it is an important angiogenic and 
lymphogenic factor.35,36 Literature has produced conflicting results about pleural VEGF levels in malignancies so 
far.31,34,36-41 Part of these discrepancies may be explained by the selection criteria of pleural effusion and the 
nature of the comparisons performed by the authors to single out the malignant cases. In our study we took care 
to exclude transudate and highly neutrophilic effusions thereby excluding acute bacterial pleural infection 
reported to be associated with high VEGF levels.42 In contrast Daniil et al.42 compared neoplasic effusions to 
effusion occurring in an infectious setting (tuberculosis and parapneumonic effusions). On the other hand Cheng 
et al.39 as well as Kaya et al.41 compared a limited number of malignant effusions to various miscellaneous 
pleural diseases including infection. The goal of our study was to assess the value of cytokines in pleural 
effusion where etiology is not obvious. In these patients we found that malignant effusions were characterized by 
raised VEGF levels. The raised VEGF levels found here in malignant effusions confirm some of the previous 
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studies.31,34,37-39 ROC curve analysis indicates that 382 pg/ml yields the best accuracy (63%), although we 
recognize it to be fairly modest as a diagnostic tool. When targeting a specificity of 80%, our ROC curve yields a 
sensitivity greater than 22%. This level of accuracy however can be compared to that of other techniques of 
investigation such as chest CT scan, the sensitivity of which may range from 22% to 35% according to the 
morphologic chosen criterion43 when specificity is around 80%. In contrast to previous data, no difference was 
observed between the different sub-groups of malignant pleural effusions split according to histology31 or 
primary tumor localization.37 We are confident about our results as our series is larger than the ones which 
previously reported differences according to lung histology and primary localization. 

Figure 3: Correlation between pleural VEGF levels and pleural effusion volume (a), pleural red cell count (b), 
pleural glucose (c) and LDH (d). r is the Spearman coefficient of correlation. The dashed line represents the 
limit of detection of our assay. 

 

The reason why VEGF is increased in malignant effusions is not clear. Although we cannot exclude that raised 
VEGF levels may partly be related to raised pleural endothelial permeability, the lack of a correlation between 
pleural VEGF and protein levels suggests that there may be additional mechanisms. Local production of VEGF 
by mesothelial cells, recruited inflammatory cells and malignant cells is likely to contribute to the raised levels 
found in malignant effusions.44 In our study we found no correlation between inflammatory cell counts and 
VEGF suggesting that recruited leucocytes may not be central in local VEGF production. By contrast the 
positive correlation between pleural LDH, a marker of tumor activity, and VEGF supports the hypothesis that 
malignant cells may contribute to the production of VEGF and is in line with Cheng et al.37 Interestingly we 
found an inverse relationship between pleural glucose and VEGF levels. This supports the idea that VEGF is 
raised when metabolic activity of the pleura is intense as in cancer involvement. 11-14 Additionally we found a 
strong correlation between pleural red cell counts and VEGF levels which is in line with the role of VEGF in 
pleural neoangiogenesis, a phenomenon present in tumor proliferation. 

In contrast to VEGF, neither TGF-β1 nor IL-6, although readily detectable, was not found to be increased in the 
pleural effusion of malignancies. TGF-β1 was previously associated with loculated effusions,45 tuberculosis and 
mesothelioma.28 In our series most of the effusions were not loculated, as proved by thoracoscopy, and 
mesothelioma only represented 8% of the malignant cases. As far as IL-6 is concerned, this cytokine has 
traditionally been associated with acute46 or chronic pleural infection.47 Our results indicate that the cytokine is 
not specifically associated with a tumoral process. 
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In conclusion our results show that malignant pleural effusions display raised VEGF levels which might 
contribute to the local growth of the tumor. Because of the modest accuracy, this finding may have, on its own, 
limited diagnostic value, but may open the way to a new treatment strategy using anti-VEGF in malignant 
pleural diseases. 
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