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Background : The purpose of this study is to assess the usefulness of various
enzymes, cytokines and biochemical studies of pleural fluid for the differential
diagnosis of tuberculosis from malignant pleural effusions, and to clarify the role
of combining diagnostic tests.

Methods : The study group included 39 cases with tuberculous effusions and 31
cases With malignant effusions, whose diagnoses were confirmed by pleural
biopsy, cytology or microbiological methods. We compared pleural fluid levels of
ADA, TNF-a, IFN-», IL-2, IL-6, IL-8 pH, protein, glucose, cheolesterol, triglyceride,
amylase and lactic dehydrogenase betwsen tuberculous and malignant effusions.
Using stepwise logistic regression analysis, we evaluated the benefit of combining
various parameters. Receiver operating characteristic(ROC) curves of ADA,
cytokines and equations generated from regression analyses were plotted and
compared with the area under curve(AUC). Cut-off values showing the best diag-
nostic accuracy were selected and compared.

Results : Compared to malignant effusion, tuberculous effusion showed signifi-
cantly higher levels of ADA, IFN-», TNF-a and IL-2. There was a good correlation
between IFN-» and TNF-«. By stepwise logistic regression analysis, IFN-7, pro-
tein and ADA were independent variables predicting tuberculous from malignant
effusions. The diagnostic accuracy and AUC of regression equation was greater
than any other single parameters.

Conclusion : For the differential diagnosis of tuberculosis and malignant pleural
effusions, combining ADA, protein and IFN-» best allows discrimination.
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INTRODUCTION

Although the incidence of tuberculous pleuritis is
the highest among the exudative pleural effusions
in Korea”, the differentiation of tuberculosis from
malignant pleural effusion remains elusive in many
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cases even with the aid of biochemical, microbio-
logic and pathological analyses.

Measuring adenosine deaminase(ADA) from the
pleural fluid is a useful diagnostic test, since an
elevated level of pleural fluid ADA is a sensitive
and specific indicator of tuberculous pleuritis®®. As
a delayed hypersensilivity appears to play a large
role in the pathogenesis of tuberculous pleuritiss'”.
diagnostic significances ot a number of cytokines,
including interferon-y (IFN-7)*®"", tumor necro-
sis factor- a (TNF- 2)' ' interleukin 2 (L-2)* '
and interleukin 6 (IL-6)' have been studied.
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interleukin 8 (IL-8) is induced by lipoarabinomannan
of tuberculous bacili'¥, thus it is also expected to
be concentrated in tuberculous effusion.

However, in consideration of clinical application
of these parameters, it is required to compare
their diagnostic significance and to clarify whether
there is an additive benefit of combining diagnostic
parameters. in a previous study by the authors‘s’,
we found that combining TNF-e had no further
diagnostic benefit than ADA alone, despite signi-
ficant difference of TNF-a and ADA between
tuberculous and malignant pleural effusion. In this
study, we also measured IFN-7y, IL-2, 6 and 8
with the same samples as our previous studym
and evaluated diagnostic significance of the mar-
kers and various combinations. Qur result shows
that IFN- 7, protein and ADA best allow discri-
mination of tuberculous effusion from malignant
effusion.

MATERIALS AND METHODS

1. Subjects

Seventy patients (49 males and 21 females)
referred to our hospital from January 1993 to July
1995 for the diagnosis of exudative pleural effusion
and subsequently confirmed to have tuberculous
(n=39) and malignant (n=31) effusions were
studied. Tuberculous pleuritis was diagnosed either
by detection of acid fast bacilli or culture of Myco-
bacterium tuberculosis from the pleural fluid or by
the histology of a pleural biopsy specimen. The
diagnoses of malignant effusion were made by
cytopathologic detection of malignant cells in the
effusion or pleural biopsy specimens. Those
whose definitive etiology was not determined with
the methods described above were excluded from
this study.

2. Methods

Aliguots of pleural fluid obtained by thoracen-
tesis were examined for differential cell counts,
bacterial and mycobacterial stain and cytology.
Samples were processed for bacteriologic culture
and for the determination of pH, protein, glucose,
cholesterol, triglyceride, amylase and lactic dehy-
drogenase(LDH). About 20m! of pleural fluid was
centrifuged at 2,500rpm for 10 min to pellet the
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cellular element, and the supernatants were stored
at -707C. Pleural biopsy was performed with Cope
biopsy needle.

ADA activity assay: The ADA activity was mea-
sured with a commercial assay kit (Toyobo Co.,
Osaka, Japan) along with a routine diagnostic
work-up. By the catalytic reaction of ADA, inosine
is generated, which is converted to uric acid and
hydrogen peroxide. With an addition of peroxidase,
absorbance was measured at 546 nm. The ADA
activity could be measured in 47 of 70 subjects
because of scheduling.

Cytokines assay:Deep frozen pleural fluid
samples were melted at room temperature and
transferred to assay tubes for radioimmunoassay
(Advanced Magnetics Inc, Cambridge, MA) of
TNF-a, IFN-7, IL-2, [L-6 and IL-8. Each
measurement was duplicated and expressed as
the mean of two values. The principle of assay is
based upon competition of cytokines in pileural
fluid with radioactively labeled cytokines for a
limited number of sites on a specific antibody. The
higher the concentration of the cytokines in the
pleural fluids, the less labeled cytokines are bound
to the antibody. Antibody-bound cytokines are
separated from unbound cytokines with magnetic
goat anti-rabbit lg-G through magnetic separation
or centrifugation. The antibody-bound labeled cy-
tokines are quantified by counting in a gamma
counter(COBRA 5003, Hewilett-Packard, Meriden,
CT). The counting rate is correlated with con-
centration of a standard curve. We measured the
cytokines in two separate sessions. Firstly, all of
IFN-y, TNF-a, IL-2, IL-6 and -8 were
measured for 36 samples. We measured only IFN-
y and TNF-a for the remaining 34 cases because
of lack of diagnostic usefuiness of interleuking
according to the preliminary assessment.

3. Statistical analysis

Group data are shown as the means*standard
deviations(SD). The differences among groups
were tested by means of Student's t-test for
parametric variables or Mann-Whitney U test for
non-parametric variables. We used a stepwise
logistic regression analysis to estimate the contri-
bution of various parameters for the differential
diagnosis. The p value allowing variables to be
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entered in the regression equation was set to
0.05. ROC curves were plotted with varying
degree of cut-off values for ADA, protein,
cytokines and eguations generated from regression
analyses. To compare their diagnostic significance,
the area under the ROC curves was calculated
and compared with the methods reported
previously'® . The best cut-off values for the
parameters and regression equations were marked
for values showing highest accuracy. We used
BMDP statistical software(BMDP statistical software
Inc, Los Angeles, CA), The statistical significance
was defined as two tailed p value less than 0.05.

RESULTS

The characteristics of the subjects are listed in
Table 1. The amount of smoking was significantly
higher in subjects with malignant eiffusions (p<
0.05). Biochemical and cellular analysis results
were not different between the two groups (Table
2). Of 67 cases whose protein contents were
determined, 22 cases(32.8%) showed protein con-
tents above Sg/dL. Among the 22 cases with
protein contents higher than 5g/dL, 17(77.3%) were
tuberculous, while only 5(22.7%) were malignant
effusion. In contrast, of 45 cases with protein
contents below 5g/dL, 21 cases were tuberculosis
and 24 cases were malignant effusion(Chi square
1 446, p<0.05). ADA, IFN-7, TNF-¢« and IL-2
were significantly higher in tuberculous effusion
than malignant effusion, but IL-6 and IL-8 were
not different(Table 3).

There were good correlations between IFN- 7,
TNF-a and ADA, while no significant correlations
were noted between cytokines and protein (Table

Table 1. Characteristics of Subjects According to
the Etiology of Pleural Effusion

Tuberculosis Malignant
Effusion Effusion
Number 39 31
Age (years) 5461162 586+ 125
Sex (M/F) 27 /12 2/9
Amount Smoked 24.01100 386+21.9
(pack.years)

":p<0.05 Data was expressed as meant standard
deviation,

4). For the stepwise logistic regression analysis,
ADA, IFN= 7, TNF-a, IL-2, IL~6, IL-8, totai pro-
tein, lymphocyte proportion, glucose and pH were
submitted initially as independent variables. After
eliminating variables with little relationship to the
differential diagnosis, ADA, IFN-7, TNF-a and
total protein were submitted to the regression

Table 2. Comparisons of Biochemical Parame-
ters Between Tuberculous and Malig-
nant Pleural Effusions

Tuberculosis(39) E’\f/flsgigoﬁgg )

WBC (uL) 353613301 (38)  4072+8261 (28)
Neutrophil (%) 4821309 (38) 561279 (27
Lymphocyte(%) 5121302 (38) 439+279 (27)
Glucose (mg/dl)  101.1£558 (38) 111.3+509 (29)
Protein (g/dL) 4571137 (38) 405+10 (29
Amylase (U/L) 477+20.3(27) 516t244 (21)
LOH* (UL 964.9::810.8(35) 1197.9* 1569.5(28)
Triglyceride 3681307 (29) 269*14.1 (20
{mg/dL)

Cholesterol 98.3+624 (29) 868*375 (20)
{mg/dL)

pH 7411037 (37) 7.36%0.12 (27

* LDH: lactate dehydrogenase

Values in parentheses are number of subjects com-
pared. Data was expressed as meantstandard
deviation, and none of the variables showed
significant differences between the two groups.

Table 3. Comparisons of Pleural Fluid Adenosine
Deaminase(ADA) and Cytokines Between
Tuberculous and Malignant Pleural Effu-

sions
Tubercuiosis Malignant
Fffusion(39) Effusion(31)
ADA(IU/L) (55) 487+ 327270 13.9%13.0(20)
IFN~7 (IU/mLY79) 387+ 43.2(39) 1.8+57(31)"
TNF-a{pg/mL)(79) 1841+ 214.2(39) 41.4%124.0(31)"
IL~2(ng/mL){40} 1346 99.8(21) 853%£125(15)

L-6(pg/0.1mL)40)  351.5% 164.1(21) 2625+ 125.7(15)
IL-8(pg/0.1mL)(40)  284.7+:744.0(21) 356.4+1236.1(15)

" p<0.05, " p<0.01,"" : p<0.001
Data was expressed as meantstandard deviation,
Values in parentheses are number of subjects
compared.
Abbreviations : IFN- 7 : Interferon-gamma,
TNF-a : Tumor necrosis factor alpha,
-2, 6, 8:interleukins 2, 6 and 8
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analysis. With 47 subjects of tuberculous and
malignant effusions, ADA was firstly entered to the
equation followed by protein and IFN-7» (Regres-
sion Equation, RE=0.056XADA+1.102 X Protein +

Table 4. Correlations Between ADA, TNF-a, IFN-
y, IL-2, IL-6 and Protein

ADA IFN-7 TNF-e IL-2 IL-6 IL-8
47 70) (70 (3 (36 (30

IFN~7 0.55™

(70) 47

TNF-« 0347 078

(70) 47 70}

-2 002 007 008

(36) (25) (36) (36)

IL-6 052" 0377 035 013

(36) (25) (36) (36)  (36)

IL-8 015 -012 -0.14 049" 0427

(36) (25) (36) (36) (360 (38
Protein 006 008 001 018 008 -0.15
(67) (47) 67) 677 (3 (38 (3B)

T1p<005, 1 p<0.01, 7 :p<0.001
Values in parentheses are number of subjects com-
pared. Abbreviations : see Table 3

0.193 XIFN- r -6.829, 0:malignant, 1:tuberculosis,
Table 5).

The AUC of regression equation was 0.92
which was greater than those of any other single
parameters(Fig. 1). According to the cut-off values
showing the best diagnostic accuracy, the
diagnostic significance of various parameters and
regression equations was compared(Table 6). The
diagnostic accuracy of regression equation was
the best among the other parameters.

DISCUSSION

For the differential diagnosis of tubercuious and
malignant pleural effusions, commonly used diag-
nostic tests, including protein, LDH, glucose, pH
and lymphocyte proportions, were reported not to
be useful'®. Our findings are consistent with earlier
studies except protein. Although the mean values
of protein concentrations of tuberculous and ma-
lignant pleural effusions were not different, tuber-
culous pleural effusion was significantly prevalent
among those who showed protein content higher
than 5.0g/dL. Of 22 cases whose pleural fluid

Table 5. Results of Stepwise Logistic Regression Analysis and Generated Regression Equations for the
Differential Diagnosis of Tuberculous and Malignant Effusions

Coefficient Odd ratio 95% Confidence Interval Significance
ADA 0.056 1.06 1.01 -1.11 p<0.001
Protein 1.102 3.01 0.986-9.18 p=0.006
IFN-7 0.193 1.21 0.939-157 p=0.005
(Constant) - 6.829 0.001

Regression Equation(0 : malignant, 1: tuberculosis)=0.056 X ADA + 1,102 X Protein +0.193 X {FN~ y ~6.829

Abbreviations : see Table 3

Table 6. Comparison of Sensitivity, Specificity and Accuracy for the Differential Diagnosis of Tuberculous

and Malignant Effusions

Cut-off value® Sensitivity Specificity Accuracy
ADA (IU/L) 3 66.7 90.0 76.6
IFN-7 (IU/mL) 9.1 744 935 82.9
TNF- a (pg/mL) 17 69.2 87.1 771
IL-2 (ng/mL) 97 66.7 86.7 75.0
IL-6 (pg/0.1mL) 360 619 80.0 69.4
Protein (g/dL) 53 50.0 828 84.2
RE* 06 815 95.0 g7.2

*:The cut-off values showinp the best accuracy for the parameters selected.

Abbreviations : see Table 3.
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Fig. 1. Receiver operating characteristics (ROC) curves
for IFN-7, TNF-a, ADA, IL-2, IL-6, Protein,
and regression equation for the differential
diagnosis of tuberculous from malignant
effusion. Area under curve (AUC) : IFN- ¥ (0.84),
TNF~a(0.81), ADA(084), IL-2{(083), IL-6
(0.69), Protein(0.62), RE (0.92) Abbreviations :
see Table 3., RE:regression equation (see
Table 5).

protein contents were higher than 5g/dL, 17(77.3%)
were tuberculous. Light et al.'® also reported that
in many cases with tuberculous pleural effusion,
protein contents were high, frequently above 5.0q/
dL.

Adenosine deaminase is an enzyme of purine
catabolism which catalyzes the pathway from ade-
nosine to inosine and is found predominantly in T
lymphocytes. In an investigation?, the pleural fiuid
ADA above 70lU/A indicated a high probability of
tuberculosis, whereas ADA below 40IU/L indicated
very low probability of tuberculosis. This finding was
also observed by a number of studies®™. In this
study, ADA was significantly different between the
two groups and the diagnostic accuracy reached
maximal value with a cut-off value of 32IU/L.

IFN- 7 enhances hydrogen peroxide production
by macrophagesz” and may facilitate intracellutar
elimination of mycobacteria®’. Similarly, TNF in-
creases the phagocytic capacity of macrophages
and enhances mycobacterial killing by human
macrophages in vitro® 2. The local production of

TNF and IFN-7 in tuberculous pleural fluid was
also demonstrated'”. Increased IFN-7 in tuber-
culous effusion was reported by a number of
studies® ', Ribera et al” noted that the mean
level of IFN-7 in all tuberculous pleural fluid had
levels above 2.3U/mL. In contrast, the IFN-7
levels were below 2.0U/mL in non-tuberculous
pleural effusions. TNF-a, however, was not re-
ported to be significantly different between tuber-
culous and non-tuberculous pleural effusions'".
Our result was different from them; both IFN-y
and TNF-o were significantly. elevated in tuber-
culous fluids and they showed a good correlation
with each other.

The significance of IL~2 and IL-6 in differentia-
tion of tuberculous and malignant pleural effusions
was also studied by several investigators® '2 7.
Although they were reported to be concentrated in
tuberculous pleural effusions, we noted significant
differences in 1L-2 but not in IL-6 in the present
data. While IL-8 was also expected to be ele-
vated in tuberculous effusion, as it is induced by
lipoarabinomannan of tuberculous bacili'®, there
was no significant difference between tuberculous-
and malignant effusion in the present result,

In this study, we evaluated the combination of
several diagnostic test results for the differentiation
of malignant and tuberculous effusions. There
were several studies which evaluated the diag-
nostic significance of multiple parameters concu-
rrently* > . Shimokata et al.? studied IL-14, IL-2,
IFN->r and ADA in malignant and tuberculous
pleurisies. However, they did not compare the
diagnostic value of each of the parameters. De
Oliveira et al reported the high diagnostic signi-
ficance of combination of ADA and lymphocyte
proportion, which we could not confirm in this
study because both tuberculous and malignant
effusions showed high lymphocyte proportions.
Valdes et al.” compared serum and pleural fiuid
ADA, lysozyme and IFN-7, and concluded that
none of the other parameters but IFN-y and
ADA was ‘useful. Although they did not show
whether both of the parameters were needed for
the differentiation of exudative pleural effusions,
their findings are consistent with the present data.

In an attempt to clarify the benefit of combining
diagnostic tests, we evaluated the diagnostic sig-
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nificance of combining various parameters with
stepwise logistic regression analyses. For the
differential diagnosis of tuberculous and malignant
pleural effusions, we found that not only ADA and
IFN- 7y but also protein were independent vari-
ables.

It is of interest that protein is one of the inde-
pendent discriminators of tuberculosis from malig-
nant effusions. Although the difference of protein
contents was not significant between the two
groups, the probability of tuberculosis was signi-
ficantly higher in patients who showed pleural fluid
protein content higher than 5.0g/dL. As there was
no correlation between ADA, IFN-7 and protein,
adding protein might have detected additional
tuberculous pleuritis with relatively low ADA or
IFN-7 contents. Thus, although protein itself did
not show good diagnostic accuracy, it showed a
benefit by adding on ADA. We could further
confirm the diagnostic benefit of combining ADA,
protein and IFN-7» with a comparison of diagno-
stic accuracy and the AUC of ROC curves.

While TNF-a showed a significant difference
between tuberculous and malignant pleural effu-
sion, it was not entered to the regression equa-
tions after the effect of other parameters. This can
be explained with the excellent correlation between
IFN-7 and TNF-«. Hence, if either of IFN~-» or
TNF-e is used already, adding the other one
does not enhance the diagnostic accuracy.

From these results we conclude that combining
ADA, protein and IFN-7> best allows discrimina-
tion between tubercuiosis and malignant pleural
effusion,

REFERENCES

1. Kim NJ, Hong SC, Kim JO, Suhr JW, Kim SY, Ro
HK. Etiologic considerations of nonspecific pleuritis.
Korean Joumal of internal Medicine 1991, 6:58-63.

2. Ocana 1, Marinez-Vazquez JM, Segura RM,
Femandez-De-Sevilla T, Capdevila JA. Adenosine
deaminase in pleural fluids. Test for diagnosis of
tuberculous pleural effusion. Chest 1983; 84:51-53.

3. Baganha MF, Pego A, Lima MA, Gaspar EV,
Cordeiro  AR. Serum and pleural adenosine
deaminase. Correlation with lymphocytic populations.
Chest 1990; 97:605-610.

4. De Oliveira HG, Rossatto ER, Prolla JC. Pleural
fluid adenosine deaminase and lymphocyte propor-

230

12.

13.

14,

15.

HK. PARK, H.J. NA, JH. PARK

tion : dlinical usefuiness in the diagnosis of tuber-
culosis, Cylopathology 1984, 5:27-32.

. Vaildes L, San Jose E, Alvarez D, Sarandeses A,

Pose A, Chomon B, Alvarez-Dobano JM, Saigueiro
M, Rodriguez Suarez JR. Diagnosis of tuberculous
pleurisy using the biologic parameters adenosine
deaminase, lysozyme and interferon gamma. Chest
1993; 103:458-4685.

. Shimokata K, Kawachi H, Kishimoto H, Maeda F,

lto Y. Local cellular immunily in tuberculous pleurisy.
American Review of Respiratory Disease 1982
126:822-824.

. Rossi GA, Balbi B, Manca F. Tuberculous pleural

effusions. Evidence for selective presence of
PPD-specific T-lymphocytes at site of inflammation
in the early phase of the infection. American
Review of Respiratory Disease 1987; 136:575-579.

. Ribera E, Ocana |, Martinez-Vazquez JM, Rossell

M, Espanol T, Ruibal A. High level of interferon
gamma in tuberculous pleural effusion. Ches! 1986;
33:308-311,

. Shimokata K, Saka H, Murate T, Hasegawa Y,

Hasegawa T. Cytokine content in pleural effusion.
Comparison between tuberculous and carcinoma-
tous pleurisy. Chest 1991; 99:1103-1107.

. Bames PF, Fong SJ, Brennan PJ, Twomey PE,

Mazumder A, Modlin RL. Local proguction of tumor
necrosis factor and IFN-gamma in tuberculous
pleuritis. Journal of Immunology 1990; 145:149-154.

. Maeda J, Ueki N, Ohkawa T, lwahashi N, Nakano

T, Hada T, Higashino K. Local production and
localization of transforming growth factor-bela in
tuberculous pleunsy. Clinical & Experimental Immu-
nology 1993 92:32-38.

Kurasawa T, Shimokata K. Cooperation between
accessory cells and T lymphocytes in patients with
tuberculous pleurisy. Chest 1991: 100:1046-1052,
Yokoyama A, Maruyama M, lto M, Kohno N,
Hiwada K, Yano S. Interleukin 6 activity in pleural
effusion. Its diagnostic value and thrombopoietic
activity. Chest 1992, 102:1055-1059.

Bames PF, Chatteriee D, Abrams JS, Lu S, Wang
E, Yamamura M, Brennan PJ, Modiin RL. Cytokine
production induced by Mycobacterium tuberculosis
lipoarabinomannan. Relationship lo chemical struc-
ture. Journal of Immunology 1992, 149:541-547,

Na HJ, Park HK, Park SC, Jang IK, Hwang JH,
Kim YC, Choi IS, Park KO. Diagnostic significance
of TNF-alpha in tuberculous and non-tuberculous

. pleural effusion. Tubercuiosis and respiratory di-

16.

sease. In press

Hanley JA, McNeil BJ. The meaning and use of the
area under a receiver operating characteristic (ROC)
curve. Radiology 1982 143:29-36.

. Hanley JA, McNeil BJ. A mesthod of comparing the



19.

20.

21,

COMBINING ADA, PROTEIN AND IFN-y BEST ALLOWS DISCRIMINATION BETWEEN
TUBERCULOUS AND MALIGNANT PLEURAL EFFUSION

areas under receiver operating characteristic curves
derived from the same cases. Radiclogy 1983
148:839-843,

. Light RW. Clinfcal manifestations and useful lests.

In: Pleural Diseases. 3 ed. Baltimore, Marland:
Williams & Wilkins Co., 1995, 36-74.

Light RW, Macgregor MI, Luchsinger PC, Ball WC,
Jr. Pleural effusions: the diagnostic separation of
transudates and exudates. Annals of Intemal
Medicine 1972; 77:507-513.

Nathan CF, Murray HW, Wiebe ME, Rubin BY.
Identification of interferon-gamma as the lymphokine
that activates human macrophage oxidative meta-
bolism and antimicrobial activity. Joumal of Expe-
rimental Medicine 1983; 158:670-689.

Nathan CF, Kaplan G, Levis WR, Nusrat A, Witmer
MD, Sherwin SA, Job CK, Horowitz CR, Steinman

RM, Cohn ZA. Local and systemic effects of in
tradermal recombinant interferon~gamma in patients
with lepromaltous leprosy. New England Joumal of
Medicine 1966; 315:6-15,

22. Reed SG, Nathan CF, Pihl DL, Rodrcks P,

Shanebeck K, Conlon PJ, Grabstein KH. Recom-
binant  granulocyte/macrophage  colony-stimulating
factor activates macrophages to inhibit Trypanosoma
cruzi and release hydrogen peroxide. Comparison
with interferon gamma. Joumal of Experimental
Medicine 1987; 166:1734~1746.

23. Bermudez LE, Young LS. Tumor necrosis facior,

alone or In combination with IL-2 but not
IFN-gamma, is associated with macrophage killing
of Mycobacterium avium complex. Joumal of
Immunociogy 1988, 140:3006-3013.

231



