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ABSTRACT

Background and Aim: The purpose of this study was to assess the relationship of pleural-ADA (P-ADA) and non-Hodgkin’s lymphoma (NHL).
Design and Methods: We retrospectively analyzed 63 NHL patients with pleural effusions who accepted a diagnostic thoracentesis, and who had P-ADA available at the China Medical University Hospital (Taichung, Taiwan) between January 2003 and April 2012.

Results: There were 46 exudates (40 malignant pleural effusions (MPE), 5 complicated parapneumonic effusions, and 1 undiagnosed effusion) and 17 transudates. The P-ADA activity was significantly different between the two groups (p< 0.005). Amongst 40 MPE cases, 29 were due to B-cell and 11 due to T-cell NHL. There was no pleural transudative effusion with P-ADA value higher than 26 U/l in our study, but simultaneously 48% (22/46) of exudative pleural effusions showed a P-ADA value under that cut-off point. The P-ADA level reached the diagnostic cut-off for tuberculosis (40 IU/L) in 11 cases of MPE (11/40 = 27.5%): 9 B-cell NHL (9/29 = 31%) and 2 T-cell NHL (2/11 = 18%). The median levels (25th, 75th percentiles) of P-ADA were 28 IU/L (14-50) in the MPE of B-cell NHL and 26 IU/L (14-28) in the T-cell NHL (P = 0.693).

Conclusions: The use of P-ADA in NHL effusion could aid the separation of transudates from exudates. Around one quarter MPE of NHL had abnormal P-ADA (>40 IU/L). There was no difference in the P-ADA activity in T-cell and B-cell NHL.
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Background

Up to 20%1 of patients with non-Hodgkin’s lymphoma (NHL) reportedly has pleural effusion. Pleural effusions in NHL are usually exudates as a result of the following mechanisms: 1. cancer with pleural involvement; 2. chylothorax; 3. obstructed lymphatic return by enlarged lymph nodes;
 ADDIN EN.CITE 
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 4. infections. However, when advanced NHL has generalized involvement, the pleural effusion may be a transudate.
 ADDIN EN.CITE 
2

The first step in the management of pleural effusion is to confirm whether it is a transudate or exudate. Light’s criteria are currently the most accurate way of differentiation.3 The weak point of Light’s criteria is that they sometimes recognize effusion in a patient with congestive heart failure (CHF) on diuretics as an exudate.
 ADDIN EN.CITE 
3,4
 Most lymphoma patients have accepted aggressive hydration and diuresis to avoid tumor lysis syndrome in chemotherapy. These factors may influence the correct rate of differentiation of exudate from transudate, as patients with CHF receiving diuretics.
 ADDIN EN.CITE 
3,4
 Furthermore, the pleural effusion for the prognostic influence of NHL is controversial. In a case control study, pleural effusion was found not to adversely affect survival rates,
 ADDIN EN.CITE 
5
 but the presence of malignant pleural effusion (MPE) was reported to be a poor prognostic factor.
 ADDIN EN.CITE 
1,6
 However, without doubt, an exact diagnosis of lymphoma effusions is important.
Adenosine deaminase (ADA) is an enzyme of purine catabolism that catalyzes adenosine to inosine, and its main physiologic activity is localized in lymphoid tissue.7 ADA activity increases when the antigenic response of lymphocytes and T-lymphocytes proliferate and the activity is 10 times higher in T-lymphocytes than in B-lymphocytes.
 ADDIN EN.CITE 
8,9
 Atalay et al. showed that measurement of pleural ADA (P-ADA) could aid the separation of transudative and exudative pleural effusions.10 P-ADA is also a powerful diagnostic tool for tuberculosis (TB) pleuritis.
 ADDIN EN.CITE 
11,12
 When using the diagnostic cut-off value of 40 IU/L of P-ADA in lymphocyte-rich exudative effusions, the specificity rises to above 95% for TB pleuritis.
 ADDIN EN.CITE 
13-15
 Although false-positive findings of P-ADA in the diagnosis of TB pleuritis are rare, one of the major factors is lymphoma.
 ADDIN EN.CITE 
12,14-17

Numerous case reports have demonstrated the increased P-ADA levels in lymphoma pleurisy,
 ADDIN EN.CITE 
12,14-17
 but no original study has focused on the relationship of P-ADA and NHL. In a retrospective pleural effusion study, 57% (17/30) of lymphomas reached the diagnostic cut-off for TB.
 ADDIN EN.CITE 
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 However, the etiologies of lymphoma effusions include MPE, chylothorax and complicated para-pneumonic effusion (CPPE). CPPE also had higher P-ADA levels.
 ADDIN EN.CITE 
14,15,18
 So, the association of MPE and P-ADA in lymphoma patients is still unclear. Moreover, there has been no study discussing P-ADA activity in T-cell or B-cell NHL.
We therefore hypothesized that determination of P-ADA may aid the separation of transudates from exudates and have great value in distinguishing MPE from other effusions in lymphoma patients. P-ADA may have a higher level of activity in T-cell than B-cell NHL. The purpose of this study was to assess the correlation of P-ADA in NHL. To our knowledge, this may be the first large-scale study of lymphoma patients to focus on this issue.
MATERIALS AND METHODS

Identified Patients

After approval from the institutional review board (DMR101-IRB2-247), we retrospectively analyzed all NHL patients with pleural effusions who had accepted a diagnostic thoracentesis and whose P-ADA was available at the China Medical University Hospital (Taichung, Taiwan), a 2000-plus bed medical centre and teaching hospital, between January 2003 and April 2012. Of the NHL patients with pleural effusions requiring repeat tapping, only the first thoracentesis was used. Sixty-three pleural fluid samples were selected.
The routine tests for pleural fluid in the study hospital included biochemical studies of pleural/serum lactate dehydrogenase (LDH) and protein, complete cell counts with differential count, bacterial culture, acid-fast bacilli smear and culture, triglycerides and cytology. If the drainage effusions were more than 60 cc, cell blocks and immunohistochemistry were performed.19 Detailed radiographic and clinical findings, demographic data and laboratory results were carefully reviewed from medical records.
P-ADA activity (units per liter) was determined by enzyme assay using the automated ultraviolet-rate method (Nisseiken Co., Ltd., Japan), consisted of two steps: first, adenosine was deaminated by ADA and ammonia was released; then, the ammonia created by the catalytic activity of adenosine deaminase was linked to the reaction catalyzed by glutamate dehydrogenase. The decrease in absorbance at 340nm (conversion of NADPH to NADP+) has a direct relationship to the ADA activity. A P-ADA level reaching the diagnostic cut-off for TB (40 IU/L)
 ADDIN EN.CITE 
13,20,21
 was defined as an abnormality.
Effusions were classified into transudates and exudates following Light´s criteria, and afterwards the results obtained were (or not) corroborated with patients´ clinical presentation. Transudates were defined based on imbalances in oncotic and hydrostatic pressure, such as CHF, liver cirrhosis, and hypoalbumenia. Exudates develop when local factors, such as malignant effusions, chylothorax and CPPE, affect the accumulation of pleural effusions.
The pleural effusions were diagnosed as follows: CHF was considered when echocardiography showed lower ventricular function or radiography revealed pulmonary venous congestion and response to CHF treatment; liver cirrhosis was determined as the cause of the pleural effusions by clinical evidence of portal hypertension, hepatic injury, and/or ascites; hypoalbuminemia was defined by a serum albumin level <30 g/L in the absence of proteinuria and liver cirrhosis; neoplastic effusions were recognized when one of the following criteria was met: (1) there was significant nodular pleural thickening in computer tomography scans22 and response to chemotherapy, or (2) there was histologic or cytologic evidence of malignant pleural effusions. CPPE referred to those non-purulent-appearing effusions with pH <7.20, glucose <40 mg/dl, Gram´s stain or culture positive that required tube drainage or surgery. A triglyceride concentration of >110 mg/dL in the pleural fluid was considered to be chylothorax. Undiagnosed effusions were defined as those in a lymphoma patient whose repeat pleural cytology and chest image could not demonstrate malignancy and for whom there was no obvious definite diagnosis. Undiagnosed effusions are usually associated with enlarged mediastinal or hilar lymph nodes interfering with lymphatic return.
 ADDIN EN.CITE 
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 The final diagnoses of the pleural effusions were independently verified by at least one senior pulmonologist.

Statistical Analysis 

Categorical and continuous data are presented as numbers (percentages) and medians (25th, 75th percentile), respectively. Chi-square and Fisher’s exact test were used to assess differences in categorical variables between groups. The nonparametric Mann-Whitney U-test was used for continuous variables. Among subgroups, comparisons of quantitative variables were performed with the nonparametric Kruskal-Wallis one-way test. The data of P-ADA for differentiation of transudates and exudates were analyzed by diagnostic efficiency derived from the receiver operating characteristic (ROC) curve. Two-tailed p values ≤0.05 were considered statistically significant. All statistical analyses were conducted with SPSS software, version 17.0 (SPSS Inc., Chicago, IL, USA).
RESULTS
The characteristics of the 63 NHL patients with pleural effusions who underwent diagnostic thoracentesis with P-ADA examination were analyzed. The major etiology of the effusions in lymphoma patients was malignancy (n=40; 63%), followed by systemic factor-induced transudates (n=17; 27%), CPPE (n=5; 8%), and undiagnosed exudative effusions caused by enlarged hilar or mediastinal lymph nodes with obstructed lymphatic return (n=1; 2%) (Table 1).
There were 44 (70%) patients with B-cell lymphoma (i.e., diffuse large B-cell lymphoma [n=22; 35%], follicular lymphoma [n=4; 6%], chronic lymphocytic leukaemia [n=3; 5%], and other B-cell lymphoma [n=15; 24%]) and 19 (30%) with T-cell lymphoma (i.e., peripheral T-cell lymphoma not otherwise specified [n=7; 11%], angio-immunoblastic T-cell lymphoma [n=4; 6%], and other T-cell lymphoma [n=8; 13%]). There were 42 men and 21 women, with a mean age of 62 years. Twenty-six patients (41%) had bilateral pleural effusions, 15 (24%) had right pleural effusions and 22 (35%) had left pleural effusions (Table 2).
Diagnostic accuracy of tests that differentiated exudates from transudates in 63 NHL patients was shown in Table 3. Using the Light’s criteria in 63 NHL with effusions, 9 (14%) effusions were incorrectly classified. Seven transudates were misclassified as exudates and 2 exudates were misclassified as transudates. The sensitivity, specificity, positive likehood ratio and negative likehood ratio for exudate in Light’s criteria was 96%, 59%, 2.32 and 0.07 respectively. P-ADA activity differed significantly between transudates and exudates in NHL patients (P = 0.005) (Table 2 and Figure 1) and the optimum cut-off levels for P-ADA was 26 IU/L. Although P-ADA level ≧ 26 IU/L had a specificity of 100% (95% confidence interval, 77-100) for identifying an exudative effusion, the sensitivity was 52% and the area under the ROC curve was only 0.731.

There was no variable with a significant difference between the MPE of B-cell and T-cell NHL (Table 4). The median levels (25th, 75th percentile) of P-ADA were 28 IU/L (14-50) in the MPE of B-cell NHL and 26 IU/L (14-28) in the T-cell NHL (P = 0.693).

In the various subclasses of exudative effusions in lymphoma patients, the P-ADA level reached the diagnostic cut-off for TB (40 IU/L) in 11 cases of MPE (11/40 = 27.5%): 9 B-cell NHLs (9/29 = 31%) and 2 T-cell NHLs (2/11 = 18%). There were no differences in the P-ADA level among the 3 groups’ exudates (MPE of B-cell and T-cell NHL and CPPE) (Figure 2).

There were weak correlations between the P-ADA levels and the various hematologic and biochemical parameters, especially the protein and LDH concentrations in the pleural fluids (Table 5).

Discussion
Although the presence of elevated P-ADA levels in NHL is well established,
 ADDIN EN.CITE 
12,14-17
 our study is the first that has systematically documented the frequency of this event in the different categories of lymphoma. In this largest series focusing on MPE of NHL, we found that only 27.5% of patients had P-ADA levels over 40 IU/L. The P-ADA activity in T-cell lymphoma was not higher than that in B-cell lymphoma.
Light´s criteria identify correctly 98% of pleural exudates, and misclassify 17% of transudates as exudates.3 The following characteristics of NHL patients resulted in difficulty distinguishing transudates from exudates using Light’s criteria: 1. frequently aggressive hydration and diuresis to avoid tumor lysis syndrome in chemotherapy; 2. higher serum LDH influencing the pleural LDH level. In our series, differentiation of transudates and exudates in NHL effusions using Light’s criteria had a 14% misclassification rate. The specificity for exudates was only 59% and misclassified 41% (N = 7/17) of transudates as exudates.
Atalay et al. found that P-ADA could aid the separation of pleural exudates from transudates and the accuracy was similar to that of the albumin gradient.10 In our series focusing on NHL effusions, P-ADA activity was also significantly different between transudates and exudates (P = 0.005). The optimum cut-off levels for P-ADA was 26 IU/L, relative higher than the published work of Atalay et al10. Due to 100% specificity, there was no P-ADA equal or higher than 26 IU/L in transudative NHL effusion. However, the area under the ROC curve was only 0.731.

The ADA level is determined by activation of cellular immunity, where it plays a role in the differentiation of lymphoid cells and the maturation of monocytes to macrophages.
 ADDIN EN.CITE 
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 P-ADA activity is related to the pleural maturity of T-lymphocytes and is classically associated with TB, CPPE and lymphoma.
 ADDIN EN.CITE 
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 The measured techniques of ADA levels have been broadly categorized into 2 groups: Giusti method versus non-Giusti methods.23 The cut-off values of ADA in various fluids by non-Giusti automated method with commercial kit were relative lower than Giusti method.
 ADDIN EN.CITE 
12,21,23
 However, the most widely accepted cut-off value for P-ADA is 40 IU/L in TB pleuritis
 ADDIN EN.CITE 
13,20,21
 and we also defined P-ADA over 40 IU/L as an abnormality in our series. When the P-ADA levels were higher than 250 IU/L, the possible diagnosis was CPPE or lymphoid malignancies instead of TB pleurisy.13 A precursor T lymphoblastic lymphoma patient in our study had a P-ADA test exceeding 250 IU/L.
However, the average P-ADA activity in lymphoma was lower than we had guessed. Why P-ADA activities are not associated with T-cell NHL and only 27.5% of MPE in NHL has higher P-ADA levels are interesting questions, and may be explained by the following: 1. P-ADA activity is nearly unaffected by the white cell count (R = 0.271), whether neutrophils (R = 0.187) or monocytes (R = 0.3), compatible with previous reports;
 ADDIN EN.CITE 
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 2. The NHL patients are in an immuno-compromised status24 and the immature T-lymphocyte reproduction cannot reflect the amount of enzyme present. However, other pleural fluid biochemistries, such as protein and LDH had relatively good correlations (R = 0.495 and 0.407, respectively) with P-ADA activity. This may be due to the concentrations of pleural protein and LDH reflecting the metabolic rate of local cancer and interaction with P-ADA levels.
The current study has several limitations. First, serum-pleural fluid albumin gradient, pleural to serum albumin ratio and NT-proBNP value were not obtained to try and improve accuracy of differentiation of transudates and exudates in NHL patients.4 Second, ADA represents the sum of two isoforms of ADA1 and ADA2.
 ADDIN EN.CITE 
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 In this retrospective NHL effusions study, we do not know what the major source of ADA activity is. Third, the total number of exudative effusions due to MPE in this study, mostly T-cell lymphoma, is low, so conclusions in regard to the distribution of P-ADA value in this type of lymphoma should be taken with caution. Fourth, being a single-centre retrospective study, the generalisability of the results to other hospitals is unknown. However, the validity of the study is not decreased, because the etiologies of the NHL effusions were identified with standard diagnostic criteria.
In conclusion, the use of P-ADA in NHL effusion could aid the separation of transudates from exudates. The P-ADA levels could be mildly predicted from LDH and protein. Around one quarter of MPE in NHL had abnormal P-ADA (>40 IU/L). The P-ADA activity in T-cell and B-cell NHL showed no difference.
Acknowledgment: This study is supported by Taiwan Ministry of Health and Welfare Clinical Trial and Research Center of Excellence (DOH102-TD-B-111-004).
Authors’ contributions
Chih-Wei Yao: Data collection
Biing-Ru Wu: Data collection
Kuo-Yang Huang: Data collection
Hung-Jen Chen: Concept, design, analysis, interpretation and manuscript draft. Dr Chen takes responsibility for the integrity of the data and the accuracy of the data analysis.
References
1.
Berkman N, Breuer R, Kramer MR, Polliack A. Pulmonary involvement in lymphoma. Leuk Lymphoma 1996; 20:229-37.

2.
Alexandrakis MG, Passam FH, Kyriakou DS, Bouros D. Pleural effusions in hematologic malignancies. Chest 2004; 125:1546-55.

3.
Light RW. Clinical practice. Pleural effusion. N Engl J Med 2002; 346:1971-7.
4.
Porcel JM. Identifying transudates misclassified by light's criteria. Curr Opin Pulm Med 2013; 19:362-7.

5.
Elis A, Blickstein D, Mulchanov I, Manor Y, Radnay J, Shapiro H, et al. Pleural effusion in patients with non-hodgkin's lymphoma: A case-controlled study. Cancer 1998; 83:1607-11.

6.
Manoharan A, Pitney WR, Schonell ME, Bader LV. Intrathoracic manifestations in non-hodgkin's lymphoma. Thorax 1979; 34:29-32.

7.
Van der Weyden MB, Kelley WN. Human adenosine deaminase. Distribution and properties. J Biol Chem 1976; 251:5448-56.

8.
Barton RW, Goldschneider I. Nucleotide-metabolizing enzymes and lymphocyte differentiation. Mol Cell Biochem 1979; 28:135-47.

9.
Barton R, Martiniuk F, Hirschhorn R, Goldschneider I. The distribution of adenosine deaminase among lymphocyte populations in the rat. J Immunol 1979; 122:216-20.

10.
Atalay F, Ernam D, Hasanoglu HC, Karalezli A, Kaplan O. Pleural adenosine deaminase in the separation of transudative and exudative pleural effusions. Clin Biochem 2005; 38:1066-70.

11.
Ocana I, Martinez-Vazquez JM, Segura RM, Fernandez-De-Sevilla T, Capdevila JA. Adenosine deaminase in pleural fluids. Test for diagnosis of tuberculous pleural effusion. Chest 1983; 84:51-3.

12.
Porcel JM, Esquerda A, Bielsa S. Diagnostic performance of adenosine deaminase activity in pleural fluid: A single-center experience with over 2100 consecutive patients. Eur J Intern Med 2010; 21:419-23.

13.
Porcel JM. Pearls and myths in pleural fluid analysis. Respirology 2010; 16:44-52.

14.
Lee YC, Rogers JT, Rodriguez RM, Miller KD, Light RW. Adenosine deaminase levels in nontuberculous lymphocytic pleural effusions. Chest 2001; 120:356-61.

15.
Jimenez Castro D, Diaz Nuevo G, Perez-Rodriguez E, Light RW. Diagnostic value of adenosine deaminase in nontuberculous lymphocytic pleural effusions. Eur Respir J 2003; 21:220-4.

16.
Perez Vidal R, Aran X, Broquetas J. High adenosine deaminase activity level in pleural effusion. Chest 1986; 90:625.

17.
Goto M, Noguchi Y, Koyama H, Hira K, Shimbo T, Fukui T. Diagnostic value of adenosine deaminase in tuberculous pleural effusion: A meta-analysis. Ann Clin Biochem 2003; 40:374-81.

18.
Ernam D, Atalay F, Hasanoglu HC, Kaplan O. Role of biochemical tests in the diagnosis of exudative pleural effusions. Clin Biochem 2005; 38:19-23.

19.
Mayall F, Dray M, Stanley D, Harrison B, Allen R. Immunoflow cytometry and cell block immunohistochemistry in the FNA diagnosis of lymphoma: A review of 73 consecutive cases. J Clin Pathol 2000; 53:451-7.

20.
Porcel JM. Tuberculous pleural effusion. Lung 2009; 187:263-70.

21.
Liang QL, Shi HZ, Wang K, Qin SM, Qin XJ. Diagnostic accuracy of adenosine deaminase in tuberculous pleurisy: A meta-analysis. Respir Med 2008; 102:744-54.

22.
Leung AN, Muller NL, Miller RR. CT in differential diagnosis of diffuse pleural disease. AJR Am J Roentgenol 1990; 154:487-92.

23.
Boonyagars L, Kiertiburanakul S. Use of adenosine deaminase for the diagnosis of tuberculosis: A review. J Infect Dis Antimicrob Agents 2010; 27:111-8.

24.
Aisenberg AC. Malignant lymphoma. 1. N Engl J Med 1973; 288:883-90.

Legends

Figure 1: P-ADA levels in transudate and exudate effusions of non-Hodgkin’s lymphoma. Bar indicates the median value of the group.
* P-ADA = Pleural adenosine deaminase
Figure 2: P-ADA levels in different diagnostic groups of non-Hodgkin’s lymphoma. Bar indicates the median value of the group. The P-ADA levels of the 3 groups’ exudates (MPE of B-cell and T-cell lymphoma and CPPE) showed no difference. Undiagnosed pleural effusion was not included in the statistics due to the small sample size.
* P-ADA = Pleural adenosine deaminase; MPE: malignant pleural effusion;
CPPE = complicated para-pneumonic effusion
	Table 1. Etiologies of 63 NHL effusions

	Category
	Patients, No. (%)

	Transudates
	17

	    CHF
	6

	 Liver cirrhosis
	1

	 Fluid overloading and hypoalbuminemia
	10

	Exudates
	46

	  Malignancy
	40*

	      B cell lymphoma
	29

	      T cell lymphoma
	11

	  Infection
	5

	      Streptococcus intermedius
	1

	  Peptostreptococcus saccharolyticus
	1

	      Enterococcus faecalis
	1

	      CPPE
	2

	  Undiagnosed effusions
	1


NHL = non-Hodgkin’s lymphoma; CHF = congestive heart failure;

CPPE = complicated para-pneumonic effusion
*Four patients had co-existing infection and 4 patients had co-existing chylothorax.
	Table 2: Characteristics of NHL Patients with Pleural Effusion (n=63) and Separation of Transudates and Exudates

	Variables
	All Patients
	Transudates
	Exudates
	P value

	Subjects
	63
	17
	46
	

	Age yrs 
	62(50-75)
	71(61-76)
	56(41-72)
	 0.044*

	Gender n (%)
Male

Female
	42(67)

21(33)
	10(59)

7(41)
	32(70)

14(30)
	0.422

	Pleural Side n (%)
Right
Left

Both
	15(24)

22(35)

26(41)
	2(12)

4(24)

11(65) 
	13(28)

18(39)

15(33)
	0.068

	Histopathology n (%)
	
	
	
	

	  B cell lymphoma
	
	
	
	0.751

	DLBCL
	22(35)
	6(35)
	16(35)
	

	FL
	4(6)
	2(12)
	2(4)
	

	CLL
	3(5)
	1(6)
	2(4)
	

	Other B cell lymphoma
	15(24)
	3(18)
	12(26)
	

	  T cell lymphoma
	
	
	
	

	PTCL, NOS
	7(11)
	2(12)
	5(11)
	

	AITL
	4(6)
	2(12)
	2(4)
	

	Other T cell lymphoma
	8(13)
	1(6)
	7(15)
	

	Effusion  
	
	
	
	

	WBC/mm3
	1553(443-3828)
	552(158-1106)
	2402(816-6348)
	 0.001*

	  Polymononuclear cell%
	14(5-49)
	10(3-52)
	17(6-40)
	0.711

	RBC/mm3
	5500(1496-14500)
	1755(66-4309)
	9500(2666-23000)
	 0.001*

	P-ADA IU/L
	19(12-34)
	14(10-19)
	26(14-46)
	 0.005*


* p<0.05
NHL = non-Hodgkin’s lymphoma; DLBCL = diffuse large B-cell lymphoma; FL = follicular lymphoma; CLL = chronic lymphocytic leukemia; PTCL-NOS = Peripheral T-cell lymphoma not otherwise specified; AITL = Angioimmunoblastic T-cell lymphoma; P-ADA = Pleural adenosine deaminase

	Table 3. Diagnostic accuracy of tests that identify an exudative pleural effusion in 63 NHL patients

	
	Sensitivity,

% (95% CI)
	Specificity,

% (95% CI)
	LR positive

(95% CI)
	LR negative

(95% CI)

	PF Protein >3 g/dl
	52 (37-67)
	76 (50-92)
	2.22 (0.90-5.46) 
	0.63 (0.45-0.88)

	PF/S Protein >0.5
	62 (45-77)
	75 (47-92)
	2.49 (1.03-6.03) 
	0.50 (0.32-0.79)

	PF LDH >128 U/la
	91 (78-97)
	59 (33-81)
	2.22 (1.25-3.94)
	0.15 (0.05-0.41)

	PF/S LDH >0.6
	72 (56-84)
	82 (56-95)
	4.07 (1.43-11.53)
	0.34 (0.21-0.56)

	S-PF Protein ≦ 3.1 g/dl
	78 (61-90)
	44 (21-69)
	1.39 (0.88-2.22)
	0.49 (0.23-1.07)

	Light’s Criteria
	96 (84-99)
	59 (33-81)
	2.32 (1.31-4.11)
	0.07 (0.02-0.31)

	P-ADA ≧26 IU/L
	52 (37-67)
	100 (77-100)
	Infinity
	0.48 (0.35-0.65)


NHL = non-Hodgkin’s lymphoma; CI = confidence interval; LR = likelihood ratio; LDH = lactate dehydrogenase; PF = pleural fluid; PF/S = pleural fluid to serum ratio; S-PF = serum minus pleural fluid; P-ADA = Pleural adenosine deaminase
aThis figure represents more than two-thirds the upper limits of our laboratory’s normal serum LDH.

	Table 4: Characteristics of MPE of B and T cell NHL Patients 

	Variables
	MPE of B cell lymphoma
	MPE of T cell lymphoma
	P value

	Subjects
	29
	11
	

	Age yrs
	56(43-72)
	52(27-76)
	0.405

	Gender n (%)
Male

Female
	19(66)

10(35)
	9(82)

2(18)
	0.451

	Pleural Side n (%)
Right
Left

Both
	11(38)

10(35)

8(28)
	2(18)

3(27)

6(55)
	0.254

	Effusion
	
	
	

	WBC/mm3
	1850(388-4338)
	2717(1166-7629)
	0.282

	  Polymononuclear cell%
	12(7-38)
	28(5-37)
	0.404

	RBC/mm3
	10000(2898-25500)
	5000(560-13000)
	0.325

	   LDH IU/L
	486(281-1114)
	174(127-1151)
	0.102

	   Protein g/dl
	2.8(2.4-3.8)
	3.5(2.7-4.0)
	0.255

	Blood
	
	
	

	  LDH IU/L
	400(258-729)
	337(263-385)
	0.363

	  Protein g/dl
	5.5(5.1-6.4)
	5.7(5.4-6.3)
	0.684

	PF/S LDH
	1.2(0.6-2.4)
	0.6(0.5-3.1)
	0.340

	PF/S Protein
	0.6(0.4-0.6)
	0.6(0.5-0.7)
	0.290

	P-ADA IU/L
	28(14-50)
	26(14-28)
	0.693


* p<0.05
NHL = non-Hodgkin’s lymphoma; MPE = Malignant pleural effusion; LDH = Lactate dehydrogenase; PF/S = pleural fluid to serum ratio; P-ADA = Pleural adenosine deaminase 

	Table 5. The correlations between the P-ADA levels and the various hematologic and biochemical parameters.

	Variables
	
R
	P

	    Protein
	0.495*
	<0.001

	 LDH
	0.407*
	0.001

	 RBC count
	0.294*
	0.020

	    Total leukocyte count
	0.271*
	0.033

	Total neutrophil
	0.187
	0.145

	    Percentage neutrophil
	-0.029
	0.824

	Total mononuclear cell count
	0.300*
	0.018


* p<0.05
P-ADA = Pleural adenosine deaminase; LDH = Lactate dehydrogenase
P-ADA
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