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Discrimination of exudative pleural
effusions based on multiple biological
parameters

Z.D. Daniil*, E. Zintzaras”, T. Kiropoulos*, A.l. Papaioannou*, A. Koutsokera*,
A. Kastanis* and K.l. Gourgoulianis*

ABSTRACT: Pleural effusion is a common complication of various diseases. Conventional
methods are not always capable of establishing the cause of pleural effusion, so alternative tests
are needed. The aim of this study was to explore means of discriminating between different
pleural effusion groups, malignant, parapneumonic and tuberculous, based on the combined
function of seven biological markers.

Adenosine deaminase (ADA), interferon-y, C-reactive protein (CRP), carcinoembryonic antigen,
interleukin-6, tumour necrosis factor-o and vascular endothelial growth factor concentration
levels were measured in pleural fluid from 45 patients with malignant, 15 with parapneumonic and
12 with tuberculous pleural effusion. Receiver operating characteristic curve analysis, multi-
nomial logit modelling and canonical variate analysis were applied to discriminate the pleural
effusion groups.

The three groups could be discriminated successfully using the measured markers. The most
important parameters for discrimination were ADA and CRP concentration levels. An individual
with an ADA concentration level of >45 U-L™! and a CRP concentration of <4 mg-dL™' was more
likely to belong to the tuberculous pleural effusion group, whereas one with an ADA concentration
level of <40 U-L"' and a CRP concentration of >6 mg-dL™' was more likely to belong to the
parapneumonic pleural effusion group, and one with a CRP concentration of <4 mg-dL™ to the
malignant pleural effusion group.

The combination of adenosine deaminase and C-reactive protein levels might be sufficient for
discriminating between the three different groups of exudative pleural effusion: malignant,
tuberculous and parapneumonic.

KEYWORDS: Adenosine deaminase, biological markers, C-reactive protein, discrimination and
classification, diagnostic rule, pleural effusion

leural effusion can occur as a complica-
P tion of many different diseases. It is a

common clinical problem and it has been
estimated that there are >800,000 cases-yr" in
the USA [1]. The diagnosis of pleural effusions
remains a controversial issue in terms of cost to
both patients and the healthcare system.
Conventional methods are not always capable
of establishing the cause of pleural effusion, and
alternative tests permitting rapid and accurate
diagnosis are greatly needed. Malignant disease
involving the pleura and parapneumonic effu-
sion are the leading causes of exudative pleural
effusions. However, the diagnosis of tuberculous
pleuritis should also be considered in any patient
with an exudative pleural effusion.

A variety of biological markers have been
proposed to facilitate differential diagnosis
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among the above-mentioned causes of pleural
effusion, including pleural fluid concentrations of
adenosine deaminase (ADA), interferon (IFN)-v,
a variety of tumour markers and cytokines, and
C-reactive protein (CRP). Although there is a
large body of literature on these biological
markers and their utility in the diagnosis of
pleural effusion, to date diagnosis is usually
based on each individual marker separately.

The aim of the present study was to explore
means of discriminating between different
pleural effusion groups (malignant (MPE), para-
pneumonic (PPE) and tuberculous pleural effu-
sion (TPE)), and to provide a classification—
diagnostic rule based on a function of seven
markers (parameters): ADA, IFN-y, CRP, carcino-
embryonic antigen (CEA), interleukin (IL)-6,
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BIOLOGICAL MARKERS IN PLEURAL EFFUSION

tumour necrosis factor (TNF)-a and vascular endothelial
growth factor (VEGF).

METHODS AND MATERIALS

Subjects

A total of 72 pleural fluid samples were collected prospectively
from 72 patients at the Dept of Respiratory Medicine of the
University of Thessaly Medical School (Larissa, Greece)
between January and June 2005. The study group included
51 males and 21 females with a mean age of 65 yrs. Of these, 45
(62%) had MPE, 15 (21%) had PPE and 12 (17%) had TPE. The
study protocol was approved by the Ethics Committee of the
University Hospital of Larissa (Larissa, Greece), and all
subjects gave their written informed consent.

Diagnostic criteria for pleural effusions

The determination of the aetiology of the pleural effusions was
based on the clinical presentation, appropriate diagnostic test
results and response to treatment of each patient. Accordingly,
effusions were classified into the following groups defined by
predetermined criteria. 1) MPE, occurring secondary to lung
cancer (diagnosed by the demonstration of malignant cells on
cytological examination or in a biopsy specimen, or by
histologically proven primary lung malignancy with the
exclusion of any other cause of pleural effusion) and other
malignancies (effusions that were clearly secondary to other
malignancies, with exclusion of other causes for the develop-
ment of pleural effusions; table 1). 2) TPE, diagnosed on the
basis of the presence of either positive staining or culture for
Mycobacterium tuberculosis in the pleural fluid, sputum or
pleural biopsy specimen or typical caseating granulomas on
pleural biopsy. 3) PPE, identified by the presence of pulmon-
ary infections associated with acute febrile illness, pulmonary
infiltrates, purulent sputum and response to antibiotic treat-
ment; identification of the organism in the pleural fluid; or the
presence of empyema, associated with the finding of frank pus
in the pleural cavity.

Sample collection and determination of ADA, CRP, IFN-y,
IL-6, TNF-a, VEGF and CEA levels

Samples were obtained from the first successful thoracentesis
and before any treatment was initiated, immediately after each
patient’s admission. At the same time, 10 mL venous blood
were obtained from each patient. Pleural fluid and blood
samples were subsequently analysed for total cell count,
differential cell count and levels of glucose, total protein and
lactate dehydrogenase. All biochemical measurements were
performed using standard commercially available methods
(Olympus AU 600; Olympus Diagnostics, Lismeehan, Ireland),

1y :1BSR B Aetiology of malignant pleural effusions

Lung cancer 31
Ovary cancer

Renal cell carcinoma
Breast cancer
Prostate cancer
Gastric cancer
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Data are presented as n.
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whereas cell counts were obtained by manual microscopy.
Cytological examinations and both aerobic and anaerobic
bacterial culture were performed on all pleural effusions.
Aliquots of pleural fluid and blood samples were immediately
centrifuged for 15 min at 1,500 x g at 4°C and the supernatants
stored at -80°C until further analysed by measurement of the
above marker levels. ADA activity was measured by the
colorimetric method of Giusti [2]. CRP measurements were
performed by immunonephelometry with the Behring
Nephelometer Analyzer II, using the N High Sensitivity kit
(Dade Behring, Marburg, Germany). The appropriate control
and standard sera were provided by the same company, and
assays were performed according to the manufacturer’s
instructions. IL-6, VEGF and TNF-a concentration levels were
measured using a commercially available ELISA kit (Biosource
Europe, Nivelles, Belgium) according to the manufacturer’s
protocol. CEA concentration levels were determined using an
electrochemiluminescence immunoassay on the Roche Modular
E 170 analyser (Roche Diagnostics, Mannheim, Germany).

Statistical methodology

The discriminating quality of each biological marker was
evaluated independently using receiver operating character-
istic (ROC) curve analysis [3]. The ROC curve analysis was
applied for two comparisons: PPE against TPE and MPE, and
TPE against MPE and PPE. The quality of the biological
markers was assessed based on the area under the curve
(AUCQ). For each ROC curve, a cut-off point was determined as
the value of the parameter that maximised the sum of
specificity and sensitivity, weighting their significance equally.

Discrimination between the three study groups (MPE, TPE and
PPE) based on all parameters simultaneously was investigated
by fitting a multinomial logit model [4]. Multinomial logistic
regression is useful for situations in which it is necessary to
classify individuals based on values of a set of predictor
variables (continuous and/or categorical). This type of regres-
sion is similar to logistic regression but is more general because
the dependent variable is not restricted to two categories. In
the present study, the aim was to classify individuals into the
three pleural effusion groups based on the measured markers/
parameters, which were continuous. The overall significance of
parameters was tested using the likelihood ratio test; para-
meters with a p-value of >0.05 were omitted and then a
parsimonious model was used. This procedure permits easier
interpretation of the results without substantial loss of
information. The parameters of the parsimonious model can
be used for classifying individuals into their groups. The logit
model estimates the probability (p;, p. and ps;) that an
individual belongs to the MPE, TPE and PPE group,
respectively. Each individual is classified in the group with
the highest probability. The percentage of correctly classified
individuals in each group was calculated, and the importance
of the model was assessed based on misclassified individuals.
The detection rate (DR; sensitivity), false-positive rate (FPR; 1-
specificity) and likelihood ratio (DR/FPR) of the significant
parameters were also considered.

In order to provide a combination of parameter values for
discriminating between the three groups, parameter values
based on the cut-off points of the ROC curve analysis were
entered into the logit model and the respective probabilities
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1y-\:18 =P8 Descriptive statistics of the seven parameters for each pleural effusion group

MPE TPE PPE
Subjects n 45 12 15
ADA U-L™ 19.73+6.19 78.36+19.46 51.61+43.10
18.29 (10.55-36.68) 80.11 (48.03-111.3) 31.47 (16.18-149.7)
CRP mg-dL"’ 2.76+2.80 4.27+2.49 10.94+4.30
1.9 (0.1-12.7) 3.2 (1.5-8.3) 11.6 (1.8-17.1)
CEA ng~dL'1 227.16 +£412.33 1.12+0.97 2.23+2.88
12.89 (0.48-1433) 0.93 (0.31-4.0) 1.53 (0.59-12.4)
IL-6 pg-dL™ 8494.66 +7754.58 23622.75+8316.62 24340.93+9930.04
4620 (731-30220) 22615.5 (10321-43819) 23819 (9800-45315)
IFN-y IU-mL™" 1.28+0.90 23.61+23.12 2.68+3.85
1.21 (0.13-4.03) 14.8 (0.74-63.6) 1.7 (0.3-15.7)
VEGF pg-mL"' 1259.04 + 1258.84 370.59 £+226.16 1519.33+1025.04
919 (93-5886) 419 (77.17-748) 1124 (300-4015)
TNF-a pg-mL™’ 45.70+35.63 261.89+276.92 293.19 £ 669.69
35.2 (11.2-182) 211 (53.9-1099) 115.2 (27.7-2678)

Data are presented as mean+sb and median (range). MPE: malignant pleural effusion; TPE: tuberculous pleural effusion; PPE: parapneumonic pleural effusion; ADA:
adenosine deaminase; CRP: C-reactive protein; CEA: carcinoembryonic antigen; IL: interleukin; IFN: interferon; VEGF: vascular endothelial growth factor; TNF: tumour

necrosis factor.

(piy i=1-3) were estimated. In addition, the three pleural
effusion groups were discriminated using canonical variate
(CV) analysis (CVA). CVA provides ordination of patients on
the basis of their biological marker measurement (parameters).
CVA examines the separations among a set of groups of units.
For this purpose, CVA seeks the linear combinations of the k
parameters (k=1-7), called CVs, that show the greatest
between-group variation relative to their within-group varia-
bility. CV1 and CV?2 are the eigenvectors of W BW?, where
B is the between-group sums of squares and products (SSP)
matrix, W=X;_1_15W;, and W; is the within-group i SSP matrix.
Two-dimensional ordination from CVA (CV1 versus CV2)
usually accounts for most of the variation in the data [5, 6].

RESULTS

The descriptive statistics of the seven parameters for each
pleural effusion group are shown in table 2. All parameters
deviate from normality (except IL-6) but, after logarithmic
transformation, most parameters appeared relatively normal,
with the exception of CEA. The data were analysed raw since
such results can be interpreted to clinicians more easily and the
logit model for discriminant analysis may hold in the absence
of normality [4], although any conclusions must be drawn
cautiously. In addition, data transformation may mask the real
effects of the parameters and their interactions [7]. Figure 1
shows typical distributions of ADA and CRP after logarithmic
transformation. Table 3 shows the Spearman’s correlation
coefficients (r) between the seven parameters. The nominal
correlations between the parameters are generally low.
However, the highest correlations were shown between TNF-o
and ADA (r=0.62), CEA (r=-0.44) and IL-6 (r=0.48), and
between IL-6 and ADA (r=0.51) and CRP (r=0.55).

The AUCs derived from the ROC curve analysis for each
parameter are given in table 4. In discriminating TPE from MPE
and PPE, ADA gave the largest AUC (0.94), with a cut-off point
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of 42.2, and, in discriminating PPE from MPE and TPE, CRP
provided the largest AUC (0.92), with a cut-off point of 5.5.

Only the parameters ADA (p=0.01) and CRP (p=0.05) were of
significant importance to the simultaneous system after fitting
the logit model. The fitting of the model, although not optimal,
may be considered satisfactory, as can be seen from the half-
normal plot of the residuals (i.e. the difference between the
observed and predicted probabilities; fig. 2). Thus, a parsi-
monious model was fitted including only the parameters ADA
(p<0.01) and CRP (p<0.01). Table 5 shows individuals
classified based on the logit model: four individuals with
MPE were wrongly classified as having PPE, one individual
with TPE was wrongly classified as having PPE, and three
individuals with PPE were wrongly classified as having MPE
(two cases) or TPE. The overall proportion of misclassified
individuals was 11%. The effect of adding additional markers
to the significant parameters ADA and CRP was explored in a
logit model (table 6). Combinations of up to four parameters
were considered in this model since the aim was to investigate
the utility of the minimum possible number of parameters; in
addition, false-positive results were kept to minimum.
Obviously, the more information included in the logit model,
the lower the expected misclassification rate; however, the best
trade-off between the number of parameter and the misclassifi-
cation rate seems to be the model including the parameters
ADA and CRP, although inclusion of IFN-y could be an
alternative option. Table 7 shows the DR, FPR and likelihood
ratio (DR/FPR) in consideration of ADA and CRP together and
in combination with other parameters in the logit model. For
ADA and CRP in this model, the likelihood ratio is greatest
for TPE (likelihood ratio=54), suggesting that the two
parameters may be much better at classifying TPE correctly,
while minimising incorrect classification of the other two
groups.
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FIGURE 1. Distribution of a) adenosine deaminase (ADA) and b) C-reactive
protein (CRP) after logarithmic transformation.

The respective estimated probability for classifying an

individual as having MPE, TPE or PPE is as follows:
p1=e2>016ADA-062CRE /. =0 47H0.06ADA-0IO0CRP /1y 5y

p3= 1 /D, where D= 1+e9.23—0.16ADA—0.62CRP+e0.47+D.06ADA—O.70CRP.

These probabilities predict the group membership of an
individual. Combination of values below and above the cut-
off points of the parameters CRP (5.5 mg-dL'l) and ADA
(42.4 U-L™) can be used to estimate the probability p; (i=1-3),
and thus to provide a crude rule for diagnosis. Table 8 shows
the estimated values of p; (i=1-3) for various combinations of
ADA and CRP. Thus an individual with an ADA concentration
level of >45 U-L™ and CRP concentration of <4 mg-dL'] is
more likely to belong to the TPE group, whereas one with an
ADA concentration level of <40 U-L" and a CRP concentra-
tion of >6 mg-dL™ is more likely to belong to the PPE group,
and one with a CRP concentration of <4 mg-dL’1 to the MPE

group.

The CVA discriminated the three groups successfully. Figure 3
shows the two-dimensional ordination form of CVA, which
accounts for 71% of the total variation in the data. CV1 and
CV2 were as follows: CV1=0.87ADA+0.16CEA+0.53IL-6+
0.41TFN-y+0.52VEGF+0.26CRP+0.77TNF-0, and CV2=0.17ADA
+0.02CEA+0.111L-6+0.58IFN-y+0.05VEGF+0.90CRP+0.15TNF-0,
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gy {88 Spearman’s correlation coefficients between the
seven parameters

ADA CEA IL-6 IFN-y VEGF CRP TNF-a
ADA 1.00
CEA -0.33 1.00
IL-6 0.51 -0.39 1.00
IFN-y 0.38 -0.37 0.19 1.00
VEGF -0.18 0.23 0.16 -0.28 1.00
CRP 0.29 -0.24 0.55 0.17 0.29 1.00
TNF-a 0.62 -0.44 0.48 0.44 -0.18 0.38 1.00

ADA: adenosine deaminase; CEA: carcinoembryonic antigen; IL: interleukin;
IFN: interferon; VEGF: vascular endothelial growth factor; CRP: C-reactive
protein; TNF: tumour necrosis factor.

respectively. The CV1 axis clearly separated MPE from TPE
patients, whereas the CV2 axis separated MPE from PPE
patients. In CV1 and CV2 equations, the largest coefficients
were for ADA and CRP, respectively, indicating that these
parameters are the most important for discrimination relative to
the others [4, 5].

DISCUSSION

The determination of biological marker levels in pleural
effusions has been proposed as an alternative noninvasive
means of establishing a diagnosis of pleural effusion.
However, the use of these measurements in clinical practice
remains controversial [8, 9]. In the present prospective study,
ADA, CRP, CEA, IFN-vy, IL-6, TNF-a and VEGF concentration
levels were measured in pleural fluid obtained from patients
with exudative pleural effusion. To the present authors’
knowledge, this is the first study to attempt exploration of
the use of the seven previously mentioned parameters,
simultaneously, for discrimination between the three different
causes of exudative pleural effusion (MPE, PPE and TPE).

ay: 1B Areas under the curve (AUCs) produced by
receiver operating characteristic curve analysis

TPE versus MPE and PPE PPE versus MPE and TPE

ADA 0.94 (0.89-1.00) 0.70 (0.55-0.84)
CRP 0.57 (0.44-0.70) 0.92 (0.84-1.00)
CEA 0.17 (0.06-0.27) 0.34 (0.22-0.46)
IL-6 0.81 (0.70-0.91) 0.82 (0.72-0.92)
IFN-y 0.93 (0.82-1.00) 0.51 (0.36-0.67)
VEGF 0.14 (0.05-0.24) 0.69 (0.55-0.83)
TNF-a 0.89 (0.81-0.97) 0.70 (0.56-0.84)

Data are presented as AUC % (95% confidence interval). TPE: tuberculous
pleural effusion; MPE: malignant pleural effusion; PPE: parapneumonic pleural
effusion; ADA: adenosine deaminase; CRP: C-reactive protein; CEA: carcino-
embryonic antigen; IL: interleukin; IFN: interferon; VEGF: vascular endothelial
growth factor; TNF: tumour necrosis factor.
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FIGURE 2. Half-normal plot of the residuals derived by fitting the multinomial
logit model.

Pleural fluid ADA activity has been shown to be a valuable
biochemical marker, which has a high sensitivity and
specificity for the diagnosis of tuberculosis (TB) [9], but its
diagnostic usefulness depends upon the local prevalence of TB,
laboratory methodology, and population ethnicity. The only
other parameter of comparable sensitivity and possibly higher
specificity is IFN-y [11]. However, the latter’s high cost and
relatively long reaction time precludes its routine use [12]. A
meta-analysis demonstrated that studies conducted in Europe
showed significantly better diagnostic performance than those
from other regions [13]. ADA combines low cost, easy
performance and high diagnostic efficiency in the identifi-
cation of TB pleurisy [14]. According to the present study,
ADA provides the largest AUC (0.94) for the discrimination of
TPE from MPE and PPE (cut-off point 42.4), and this finding is
in agreement with previous studies [10]. In addition, when the
logit model was fitted, ADA concentration level was found to
be significant. IFN-y also provided a large AUC (0.93) for the
discrimination of TPE from MPE and PPE. However, the logit
model failed to show a significant role of this finding.

1/:\:1B 38 Confusion matrix for multinomial logit model
predictions

Predicted
classification

Correct classification
% (95% CI)

Observed
classification

MPE TPE PPE

BIOLOGICAL MARKERS IN PLEURAL EFFUSION

TABLE 6

Percentage of correctly classified individuals for
each parameter, and the effect of adding
markers to adenosine deaminase (ADA) and C-
reactive protein (CRP) in the logit model®

MPE TPE PPE Overall
ADA 97.8 75.0 20.0 77.8
CRP 95.6 0 73.3 75.0
IL-6 91.1 0 53.3 68.1
IFN-y 100 75.0 13.3 77.8
TNF-a 93.3 0 46.7 68.1
CEA 88.9 4.7 0 62.5
VEGF 88.9 4.7 0 62.5
ADA/CRP 95.6 91.7 66.7 88.9
ADA/CRP/IL-6 95.6 91.7 80.0 91.7
ADA/CRP/IFN-y 97.8 91.7 80.0 931
ADA/CRP/TNF-a 97.8 91.7 73.3 91.7
ADA/CRP/CEA 93.3 91.7 80.0 90.3
ADA/CRP/VEGF 95.6 91.7 80.0 91.7
ADA/CRP/IL-6/TNF-a 97.8 91.7 80.0 93.1
ADA/CRP/IL-6/CEA 97.8 91.7 86.7 94.4
ADA/CRP/IL-6/VEGF 97.8 91.7 86.7 94.4
ADA/CRP/TNF-0/CEA 93.3 91.7 80.0 90.3
ADA/CRP/TNF-a/VEGF 97.8 91.7 80.0 93.1
ADA/CRP/CEA/VEGF 97.8 91.7 93.3 95.8

MPE 43 0 2 95.6 (90.8-100)
TPE 0 11 1 91.7 (85.3-98.1)
PPE 4 1 10 66.7 (55.8-77.6)
Overall % 653 16.7 18.1 88.9 (81.6-96.2)

Data are presented as n, unless otherwise stated. MPE: malignant pleural
effusion; TPE: tuberculous pleural effusion; PPE: parapneumonic pleural
effusion; Cl: confidence interval.
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MPE: malignant pleural effusion; TPE: tuberculous pleural effusion; PPE:
parapneumonic pleural effusion; IL: interleukin; IFN: interferon; TNF: tumour
necrosis factor; CEA: carcinoembryonic antigen; VEGF: vascular endothelial
growth factor. *: for the combinations ADA/CRP/IL-6/IFN-y, ADA/CRP/IFN-y/
TNF-a,, ADA/CRP/IFN-y/CEA and ADA/CRP/IFN-y/VEGF, the model cannot be
fitted; either the maximum likelihood estimates do not exist or some parameter
estimates are infinite.

TNF-o is a pro-inflammatory cytokine that is known to
regulate the growth and differentiation of a variety of immune
cells. Increased levels of TNF-o have been found in both
infectious pleural effusion [9, 15] and MPE [16]. PORCEL et al. [8]
suggested that pleural TNF-a could be a biochemical marker of
inflammation in patients with PPE. Additionally, elevated
levels of pleural TNF-o identified the subgroup of patients
with no purulent-appearing PPE who required invasive
management with tube thoracostomy more reliably than
traditional fluid chemistries [8]. However, others have reported
no difference between TNF-o concentration level in exudative
pleural effusion of various aetiologies [16]. In the present study,
it was found that TNF-o. concentration levels were more
increased in TPE, but this finding was nonsignificant.

IL-6 has long been regarded as a pro-inflammatory cytokine
induced by lipopolysaccharide along with TNF-o. and IL-1. IL-
6 is often used as a marker of systemic activation of pro-
inflammatory cytokines [17]. IL-6 has been found to be
elevated in MPE, especially after pleurodesis [18]. However,
conflicting results have been reported in distinguishing MPE
from infectious pleural effusion by IL-6 concentration level [9].
According to the present findings, IL-6 concentration was
increased in TPE and PPE, but these findings were nonsigni-
ficant after fitting the logit model.
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y:\:18=% A Detection rate (DR), false-positive rate (FPR) and
likelihood ratio” (LR) for considering the effect of
adding markers to adenosine deaminase (ADA)
and C-reactive protein (CRP) in the logit model
DR FPR LR
ADA/CRP
MPE 43/45 (96) 4/27 (14.8) 6.5
TPE 11/12 (92) 1/60 (1.7) 54
PPE 10/15 (67) 3/57 (5.9) 12.6
ADA/CRP/IL-6
MPE 43/45 (96) 2/27 (7.4) 12.9
TPE 11/12 (92) 1/60 (1.7) 55
PPE 12/15 (80) 3/57 (5.9) 15.2
ADA/CRP/IFN-y
MPE 44/45 (98) 3/27 (11.1) 8.8
TPE 11/12 (92) 0/60 (0) NA
PPE 12/15 (80) 2/57 (3.5) 228
ADA/CRP/TNF-a.
MPE 44/45 (98) 3/27 (11.1) 8.8
TPE 11/12 (92) 1/60 (1.7) 55
PPE 11/15 (73) 2/57 (3.5) 20.9
ADA/CRP/CEA
MPE 42/45 (93) 3/27 (11.1) 8.4
TPE 11/12 (92) 1/60 (1.7) 55
PPE 12/15 (80) 3/57 (5.3) 15.2
ADA/CRP/VEGF
MPE 43/45 (96) 3/27 (11) 8.6
TPE 11/12 (92) 1/60 (2) 55
PPE 12/15 (80) 2/57 (4) 228
ADA/CRP/IL-6/TNF-0.
MPE 44/45 (98) 2/27 (7.4) 13.2
TPE 11/12 (92) 1/60 (1.7) 55
PPE 12/15 (80) 2/57 (3.5) 22.8
ADA/CRP/IL-6/CEA
MPE 44/45 (98) 2/27 (7.4) 13.2
TPE 11/12 (92) 0/60 (0) NA
PPE 13/15 (87) 2/57 (3.5) 24.7
ADA/CRP/IL-6/VEGF
MPE 44/45 (98) 2/27 (7) 13.2
TPE 11/12 (92) 0/60 (0) NA
PPE 13/15 (87) 2/57 (4) 24.7
ADA/CRP/TNF-a/CEA
MPE 42/45 (93) 3/27 (11.1) 8.4
TPE 11/12 (92) 1/60 (1.7) 55
PPE 12/15 (80) 3/57 (5.9) 15.2
ADA/CRP/TNF-a/VEGF
MPE 44/45 (98) 3/27 (11) 8.8
TPE 11/12 (92) 0/60 (0) NA
PPE 12/15 (80) 2/57 (4) 228
ADA/CRP/CEA/VEGF
MPE 44/45 (98) 1/27 (4) 26.4
TPE 11/12 (92) 0/60 (0) NA
PPE 14/15 (93) 2/57 (4) 26.6

Data are presented as n (%), unless otherwise stated. MPE: malignant pleural
effusion; TPE: tuberculous pleural effusion; PPE: parapneumonic pleural effusion;
IL: interleukin; IFN: interferon; TNF: tumour necrosis factor; CEA: carcinoembryonic
antigen; VEGF: vascular endothelial growth factor; NA: not applicable. *: DR/FPR.
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1)-\:1 8588 Estimated probabilities for various combinations
of adenosine deaminase (ADA) and C-reactive
protein (CRP)

ADA U-L™ CRP mg-dL™ p1 p2 p3

45 4.0 0.19 0.51 0.31

149.7% (o) 0.00 1.00 0.00

40 6.0 0.23 0.17 0.59

10.6" 17.1% 0.04 0.00 0.96

40 4.0 0.38 0.34 0.28

10.6° (0}l 1.00 0.00 0.00

p1: probability that an individual belongs to the malignant pleural effusion
group; p2: probability that an individual belongs to the tuberculous pleural
effusion group; p3: probability that an individual belongs to the parapneumonic
pleural effusion group. #: maximum observed value; : minimum observed
value.

CRP is an acute-phase protein widely used as a marker of
inflammation and tissue injury [19]. CRP concentration level
has been studied in pleural fluid and been found to be higher
in benign than in malignant exudates [20]. TURAY et al. [21]
have shown that pleural fluid CRP concentration levels of
>30 mg-L™' show a high sensitivity (93.7%) and specificity
(76.5%) and a positive predictive value of 98.4% for the
diagnosis of PPE [21]. The present results show that CRP
provides the largest AUC (0.92) for discrimination of PPE from
MPE and TPE, and it was a significant parameter in
discriminating between the groups.

Several studies have confirmed the presence of high concen-
tration levels of VEGF in exudative, especially malignant and
inflammatory, effusions [22, 23]. Finally, the conclusion arising
from the literature is that there is an overlap between VEGF
concentration levels in the various groups of pleural effusion;
therefore, VEGF concentration levels are unlikely to be
diagnostically useful [22]. The present study has demonstrated
that VEGF concentration levels are increased in both MPE and
PPE, and that VEGF is not a significant parameter for
discrimination between the three groups.

Analysis of tumour marker levels in serum has been applied to
the diagnosis, prognosis and treatment of patients with lung
cancer. Furthermore, pleural fluid from patients with MPE is
known to contain detectable levels of tumour markers. CEA
was one of the first markers to be evaluated in lung cancer [24].
Determination of CEA concentration can be used as a
diagnostic tool for MPE since 40-70% of pleural fluids give
positive CEA assay results [25]. In accordance with previous
reports, CEA was found to be the best single tumour marker in
pleural fluid [26, 27]. However, although CEA has been
studied the most and been shown to be very specific, its
sensitivity remains in the region of 29-77%, with variable cut-
off values. LEg ef al. [28] demonstrated that, in cases of
suspicious MPE showing a negative cytology, particularly in
the absence of a visible tumour and/or unsuitability for
invasive procedures, the determination of tumour marker
levels in the pleural fluid might be helpful as a complementary
tool for the differential diagnosis of pleural effusion. Finally,
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FIGURE 3. Two-dimensional ordination form of canonical variate (CV)
analysis. @: parapneumonic pleural effusion; [J: tuberculous pleural effusion; B:
malignant pleural effusion.

although an elevated concentration level of CEA in pleural
fluid is suggestive of malignancy, CEA can be elevated in 9%
of pleurisy owing to benign diseases, especially empyemas and
complicated PPEs. Identification of the most frequent causes of
false-positive results using CEA helps to correctly interpret the
findings of this tumour marker [29]. In the present study, CEA
concentration levels were highest in MPEs. However, a
positive significance of this parameter was not found in the
simultaneous system.

In the present study, the number of cases might be considered
relatively low compared with the number of parameters used
for discrimination. Although, in general, small sample size
tends to result in inefficient discrimination, the discrimination
accuracy does not strictly depend upon sample size but rather
upon the nature (distribution) of the data, variability of the
data and number of variables examined [30-32]. Nevertheless,
in order to strengthen further the utility of the multinomial
logit model and the derived classification rule, CVA was
applied to the data. CVA verified the existence of three distinct
groups and the discriminative value of mainly ADA and CRP,
although the importance of most of the CV1 parameters should
also be considered. However, accumulation of more data
would enable further exploration of the validity of the
discrimination results by application of additional techniques,
such as classification trees [33]. When a small dataset is used to
both estimate the model parameters and test the model, it is to
be expected that the results are favourable. Ideally, two
independent datasets should be used, one to derive the
parameters and another to test them. Alternatively, there are
more complex methods of parameter estimation, such as
bootstrapping [34], but estimation by this method is beyond
the scope of the present article.

In conclusion, combinations of markers can be useful in the
discrimination of exudative pleural effusion groups. Although,
the present analysis focused on adenosine deaminase and C-
reactive protein, the data presented in the current study do not
exclude the usefulness of one or more additional markers.
Therefore, further and larger studies should not focus only on
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adenosine deaminase and C-reactive protein, and the results
should be synthesised to provide more evidence.
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