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Abstract: Lymphocytic pleurisy is commonly observed in tuberculosis and cancer. Noninvasive 

biomarkers are needed to distinguish tuberculous pleural effusion (TPE) from malignant pleural 

effusion (MPE) because current clinical diagnostic procedures are often invasive. We identified 

immune response biomarkers that can discriminate between TPE and MPE. Fourteen pleural 

effusion biomarkers were compared in 22 MPE patients and five TPE patients. Of the innate 

immunity biomarkers, the median levels of interleukin (IL)-1β and interferon-induced protein-10 

(IP-10) were higher in TPE patients than in MPE patients (P<0.05 and P<0.01, respectively). 

Of the adaptive immunity biomarkers, the median levels of IL-13 and interferon-γ (IFN-γ) were 

higher in TPE patients than in MPE patients (P<0.05). In addition, the levels of basic fibroblast 

growth factor were higher in MPE patients than in TPE patients (P<0.05). Receiver operator 

characteristic analysis of these biomarkers was performed, resulting in the highest area under 

the curve (AUC) for IP-10 (AUC =0.95, 95% confidence interval, P<0.01), followed by IL-13 

(AUC =0.86, 95% confidence interval, P<0.05). Our study shows that five biomarkers (IL-1β, 

IP-10, IFN-γ, IL-13, and basic fibroblast growth factor) have a potential diagnostic role in dif-

ferentiating TPE from MPE, particularly in lung cancer-related MPE.
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Introduction
Pleural effusions (PEs) that stem from a wide range of recognized etiologies are com-

monly observed in clinical practice. A PE develops when there is too much production 

or too little absorption of fluid in the pleural space or an increase in permeability of 

vessels in pleura. It is the clinicians’ objective to establish the cause of effusion, whether 

it is heart failure, infection, or malignancy.1 Examination of pleural fluid is useful in 

determining the cause of a PE.2

Conventionally, the first step in pleural fluid analysis is determining if the effusion 

is a transudate or an exudate, according to the criteria of Light et al.3 The second step 

is to analyze the fluid using standard routine laboratory tests, including biochemistry, 

nucleated cells, microbiology, and nonroutine markers (eg, adenosine deaminase 

[ADA]),4 to identify the most likely etiology. However, a diagnostic challenge that is 

often confronted is lymphocytic pleural exudates. Tuberculosis (TB) and malignancy 

are the two most frequent causes of exudative PEs, with lymphocytes predominantly 

found in pleural fluid.5,6 During TB and malignancy, T lymphocytes with a helper/

inducer phenotype form the major lymphocyte population in the pleural fluid,7 but 

different subpopulations, activation states, and subsequent immune responses are 
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observed in both diseases.8 Unfortunately, the immunophe-

notypic profile of pleural fluid cannot be used to differentiate 

these two diseases.

To diagnose tuberculous pleural effusion (TPE) and 

malignant pleural effusion (MPE), further investigative tests 

are necessary. In the current clinical practice, isolation of 

Mycobacterium tuberculosis in the pleural fluid is difficult 

and can be negative in the acute setting.9,10 More invasive pro-

cedures (eg, a pleural biopsy) to identify caseating granuloma 

from the parietal pleura may be required. In contrast, a main 

obstacle in diagnosing malignant effusions is the presence of 

false-negative cytological results in ~40% of cases.11 Surgical 

intervention by thoracoscopy is definitive for both TB and 

neoplasm but is invasive and not widely available.

Consequently, the development of noninvasive methods 

is important to differentially diagnose these two diseases, 

including clinical decision trees12 and nonroutine pleural fluid 

analysis (eg, ADA).13 Accordingly, various PE biomarkers 

released during the immune response triggered by the pres-

ence of mycobacterial antigens or tumors in the pleural space 

have been investigated, such as ADA and interferon-g (IFN-g), 

particularly as well-recognized biomarkers for TPE,14,15 but 

the diagnostic methods and performance seem to be vari-

able. Thus, the objective of our study was to investigate PE 

biomarkers according to TB and cancer immunology to help 

distinguish these two common lymphocyte-predominant 

exudative PEs.

Patients and methods
Study population
A total of 92 patients (>20 years of age) with PEs received 

repeated thoracocentesis at the Department of Thoracic 

Medicine, Shuang Ho Hospital, Taipei Medical Univer-

sity, Taiwan, between June 2013 and May 2014, and were 

recruited in this study. Of the 92 patients, 32 (34.8%) were 

defined as having lymphocyte-predominant exudative PEs, 

with 27 (29.3%) finally enrolled.16 Lymphocyte-predominant 

exudative PE was defined based on the presence of >50% 

lymphocytes in the pleural fluid.17 Among the 32 patients 

with lymphocyte-predominant exudative PEs, five were 

excluded due to other causes, except for TPE or MPE (ie, 

four were related to cardiac failure and one was related to 

rheumatoid pleurisy).

Patients with any of the following criteria were excluded 

from the study: 1) treatment with antineoplasm or antitu-

berculosis medication and previous treatment with glu-

cocorticoids and nonsteroidal anti-inflammatory drugs or 

immunosuppressants; 2) an invasive pleural cavity procedure 

or chest trauma 3 months prior to thoracocentesis examina-

tion; and 3) unknown PE etiology.

The Ethics Committees of Taipei Medical University–

Joint Institutional Review Board approved the study protocol. 

All subjects received written and oral information prior to 

inclusion and provided written informed consent.

Diagnostic criteria for PEs
Diagnosis of PEs defined as TPE met the following criteria: 

detection of Ziehl–Neelsen staining or Löwenstein–Jensen 

cultures upon PE examination and/or granuloma-like changes 

in pleural biopsy samples and exclusion of pleurisy from 

other causes.3 The diagnosis of MPE was done according 

to the following criteria: 1) pleural fluid cytology or pleural 

biopsy was positive for malignancy cells and 2) pathologi-

cal diagnosis of a primary malignancy with radiological or 

clinical evidence of a PE and exclusion of pleurisy from 

other causes.

PE analysis
Pleural fluid samples obtained during thoracocentesis were 

collected into 5-mL sterile heparinized tubes for routine tests 

(chemistry, cytology [including total and differential cell 

count], and microbiology). Further assays for PE samples, 

including cytokines (interleukin [IL]-1β, IL-4, IL-6, IL-10, 

IL-12/23, IL-13, IL-17F, IL-21, and IFN-γ), chemokines 

(interferon-induced protein-10 [IP-10]), pattern recogni-

tion receptors (cluster of differentiation [CD]14), adhesion 

 molecules (CD62L), CD154/CD40L, and basic fibroblast 

growth factor (bFGF), were performed using BD Cyto-

metric Bead Array tests (BD Biosciences, San Jose, CA, 

USA) according to the manufacturer’s instructions. Bead 

and protein complexes labeled with phycoerythrin antibod-

ies were acquired using a BD LSRFortessa™ cell analyzer 

(BD Biosciences).

Statistical analysis
Distribution of demographic characteristics and bio-

marker analysis was compared between the MPE and 

TPE patients. Categorical variables were compared using 

chi-square test, and continuous variables were compared 

using Student’s t-tests. Characteristics of pleural fluid and 

pleural cell counts were compared using the nonparametric 

Mann–Whitney U test. The accuracy of significant pleural 

biomarkers to distinguish TPE from MPE was calculated 

by receiver operating characteristic (ROC) analysis. Cut-off 

values were obtained from the maximum sum of sensitiv-

ity and specificity. All statistical analyses were performed 
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Table 1 Demographic and clinical characteristics of MPE and TPE 
patients

Patients MPE (n=22) TPE (n=5) P-value

Sex, n (%)
 Female 12 (54.5) 4 (80) 0.30
 Male 10 (45.5) 1 (20)
Age, years 67.9±13.1 63.0±21.9 0.51
BMI (kg/m2) 23.2±4.1 20.6±5.4 0.24
Smoker, n (%)
 Nonsmoker 12 (54.5) 5 (100) 0.06
 Former smoker 4 (18.1) 0 0.30
 Current smoker 6 (27.2) 0 0.18
Drinking 1 (4.5) 0 0.63
Nondrinking 21 (95.5) 5 (100)
Co-disease type
 Diabetes mellitus 5 (22.7) 1 (20) 0.89
 Hypertension 5 (22.7) 1 (20) 0.89
 Coronary heart disease 3 (13.6) 1 (20) 0.72
  Chronic obstructive  

airway disease
1 (13.6) 0 0.63

 Chronic kidney disease 4 (18.1) 1 (20) 0.92

Note: Data are expressed as n (%) or mean ± SD.
Abbreviations: MPE, malignant pleural effusion; TPE, tuberculous pleural effusion; 
BMI, body mass index; SD, standard deviation.

Table 2 Diagnosis methods for proved MPE and TPE patients

Diagnostic method MPE (n=22) TPE (n=5)

Positive culture for MTB in PF 0 (0) 0 (0)
Positive culture for MTB in pleural  
biopsy

0 (0) 0 (0)

Positive smear of PF and positive  
result of NAAT for MTB

0 (0) 1 (20)

Caseating granulomas in pleural 
biopsy and exclusion of alternative 
causes of PE

0 (0) 4 (80)

Positive pleural fluid cytology 6 (27.3) 0 (0)
Positive histology of pleural biopsy 2 (9.1) 0 (0)
PE with known malignant disease and 
exclusion of nonmalignant causes of PE

14 (63.6) 0 (0)

Note: Data are expressed as n (%).
Abbreviations: MPE, malignant pleural effusion; TPE, tuberculous pleural effusion; 
MTB, Mycobacterium tuberculosis; PF, pleural fluid; NAAT, nucleic acid amplification 
test; PE, pleural effusion.

using PRISM 5.0  software ( GraphPad Software, Inc., La 

Jolla, CA, USA). The significance threshold was set at 

P<0.05.

Results
Demographic and clinical characteristics 
of the study population
A total of 92 patients received thoracocentesis for PEs, 

with routine and nonroutine biomarker analyses. Of these 

92 patients, 27 (29.3%) with lymphocyte-predominant PEs 

were enrolled in the study and divided into two groups: 22 

MPE patients (81.5%) and five TPE patients (18.5%). The 

demographic and clinical features of these two populations 

are listed in Table 1. There were no statistically significant 

differences in age, sex distribution, body mass index, per-

sonal behavior (smoking and drinking), and comorbidity. The 

diagnostic methods for confirmed MPE and TPE patients are 

listed in Table 2. The majority of MPE cases (14/22, 63.6%) 

were diagnosed by known malignant disease and exclusion 

of nonmalignant PE causes. In addition, six of 22 (27.3%) 

patients were diagnosed from the initial PE cytology study. 

Only two of 22 (9.1%) patients were diagnosed via a pleural 

biopsy, with lung cancer being the primary tumor in MPE 

patients. In TPE diagnosis, only one of five (20%) patients 

were recognized by first-time PE acid-fast stain and four of 

five (80%) were confirmed by a pleural biopsy, which is a 

more invasive method.

PE analysis
Measurements for routine and biochemistry tests of PE are 

listed in Table 3. Effusion leukocyte counts were higher 

in the TPE group (1,919±1,165 cells/μL) than in the MPE 

group (858±700 cells/μL; P=0.02). There was no significant 

difference in differential cell counts (lymphocytes, neutro-

phils, eosinophils, mesothelial cells, and histocytes), pleural 

protein, lactate dehydrogenase (LDH), and glucose between 

the TPE and MPE groups.

Biomarker measurements in PEs
Biomarkers in the PE samples were examined, and the results 

are summarized in Table 4. Of the innate immunity  biomarkers, 

the median levels of cytokine IL-1β and chemokine IP-10 were 

higher in the TPE group (7.97 pg/mL [3.28–14.25 pg/mL] 

and 4,469 pg/mL (3,203–4,565 pg/mL), respectively) than 

in the MPE group (0.1 pg/mL [0–2.30 pg/mL] and 669.5 pg/

mL [372.2–2,204 pg/mL]; P<0.05 and P<0.01, respectively). 

Of the adaptive immunity biomarkers, the median levels of 

IL-13 and IFN-γ were higher in the TPE group (9.99 pg/mL 

[6.04–69.53 pg/mL] and 141.5 pg/mL [58.73–423.3 pg/mL], 

respectively) than in the MPE group (1.66 pg/mL [0.86–

4.40 pg/mL] and 4.38 pg/mL  [1.63–12.3 pg/mL], respectively; 

P<0.05). In addition, higher bFGF levels were found in MPE 

patients (14.85 pg/mL [0–36.06 pg/mL]) than in TPE patients 

(0 pg/mL [0–4.07 pg/mL]; P<0.05). There was no significant 

difference between TPE and MPE patients with respect to 

other biomarkers. ROC analysis of biomarkers identified as 

significant is presented in Table 5. The highest area under the 

curve (AUC) was observed for IP-10, which had a cutoff value 

of 4,005 pg/mL (AUC =0.95, 95% confidence interval [CI], 

P<0.01), followed by IL-13 with a cut-off value of 7.94 pg/mL 
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Table 3 Laboratory characteristics of PE in MPE and TPE patients

Routine PE 
analysis

MPE (n=22) TPE (n=5) P-value

Leukocyte (μL) 730 (328–971.8) 1,410 (933.5–3,160) 0.02*
Lymphocyte (%) 76.5 (61.75–90.0) 88.00 (75.5–93.5) 0.16
Neutrophil (%) 5 (1–12.75) 7 (1.5–12) 0.98
Eosinophil (%) 0 (0–0.25) 0 (0–0.5) 0.90
M and H (%) 14 (1–25.5) 6 (3–14) 0.16
Total protein (g/dL) 4.5 (4–4.85) 4.7 (3.65–5.90) 0.65
LDH (U/L) 247.5 (163.5–400) 441 (266.5–967.0) 0.14
Glucose (g/dL) 122 (94.5–143.3) 131 (64–169) 0.85

Notes: Data are expressed as median (range). *P<0.05.
Abbreviations: PE, pleural effusion; MPE, malignant pleural effusion; TPE, 
tuberculous pleural effusion; M and H, mesothelial cells and histiocytes; LDH, lactate 
dehydrogenase.

Table 4 Biomarkers (pg/mL) in PE

Biomarkers MPE (n=22) TPE (n=5) P-value

Innate immunity
 IL-1β (pg/mL) 0.1 (0–2.30) 7.97 (3.28–14.25) 0.03*
 IL-6 (pg/mL) 10,410  

(3,480–17,640)
15,100  
(10,730–23,600)

0.09

 IL-17F (pg/mL) 0 (0–0) 0 (0–20.94) 0.88
 IL-21 (pg/mL) 0 (0–24.14) 0 (0–82.23) 0.63
 IP-10 (CXCL10) 
 (pg/mL)

669.5  
(372.2–2,204)

4,469  
(3,203–4,565)

<0.01*

 CD14 (pg/mL) 12,410  
(9,974–15,520)

5,887  
(4,865–12,050)

0.06

Adaptive immunity
 IL-4 (pg/mL) 0 (0–0.62) 0 (0–2.63) 0.94
 CD62L (pg/mL) 61,760  

(50,030–86,850)
70,950  
(33,420–128,400)

0.68

 CD154/40L  
 (pg/mL)

0.61 (2.67–9.88) 6.96 (4.30–24.06) 0.55

 IL-12/23 (pg/mL) 39.0 (20.97–72.36) 125.5 (23.73–261.2) 0.18
 IL-10 (pg/mL) 23.09 (12.65–33.54) 29.99 (16.58–59.39) 0.45
 IL-13 (pg/mL) 1.66 (0.86–4.40) 9.99 (6.04–69.53) 0.01*
 IFN-γ (pg/mL) 4.38 (1.63–12.3) 141.5 (58.72–423.3) 0.03*
Angiogenic factor
 Basic FGF  
 (pg/mL)

14.85 (0–36.06) 0 (0–4.07) 0.03*

Notes: Data are expressed as median (range). *P<0.05.
Abbreviations: PE, pleural effusion; MPE, malignant pleural effusion; TPE, 
tuberculous pleural effusion; IL, interleukin; IP-10, interferon-induced protein-10; 
CXCL10, chemokine (C-X-C motif) ligand 10; CD, clusters of differentiation;  
L, ligand; IFN-γ, interferon-gamma; FGF, fibroblast growth factor.

Table 5 Cutoff value, sensitivity, specificity, and AUC in classifying MPE and TPE cases

Group and cutoff Sensitivity % (95% CI) Specificity % (95% CI) AUC (95% CI) P-value

IL-1β, <5.50 pg/mL 86.4 (65.1–97.1) 80 (28.4–99.5) 0.80 (0.62–0.98) 0.04*

IP-10 (CXCL10), <4,005 pg/mL 100 (84.6–100) 80 (28.4–99.5) 0.95 (0.86–1.05) <0.01*
IL-13, <7.94 pg/mL 86.4 (65.1–97.1) 80 (28.4–99.5) 0.86 (0.71–1.02) 0.01*

IFN-γ, <100.5 pg/mL 100 (84.8–100) 80 (28.4–99.5) 0.83 (0.52–1.13) 0.02*

Basic FGF, >2.39 pg/mL 72.7 (49.8–89.2) 80 (28.4–99.5) 0.81 (0.64–0.98) 0.03*

Note: *P<0.05
Abbreviations: AUC, area under the curve; MPE, malignant pleural effusion; TPE, tuberculous pleural effusion; IL, interleukin; IP-10, interferon-induced protein-10; 
CXCL10, chemokine (C–X–C motif) ligand 10; IFN, interferon; FGF, fibroblast growth factor; CI, confidence interval.

(AUC =0.86, CI =95%, P<0.05). The other three biomarkers, 

IFN-γ, bFGF, and IL-1β, with cutoff values of 100.5 pg/mL, 

2.39 pg/mL, and 5.50 pg/mL under CI =95% showed AUC of 

0.83, 0.81, and 0.80 (P<0.05), respectively.

Discussion
In the present study, we showed higher levels of IL-1β and 

IP-10 (innate immunity biomarkers) and IFN-γ and IL-13 

(adaptive immunity biomarkers) in TPE patients than in MPE 

patients. In contrast, higher levels of bFGF (an angiogenic 

factor) were detected in MPE patients. These significantly 

different five biomarkers (IL-1β, IP-10, IFN-γ, IL-13, and 

bFGF) are released into the pleural space during the immune 

response to TB and malignancy and subsequently may aid in 

distinguishing between TPE and MPE patients.

Our study population was similar in age and comorbidity 

between TPE and MPE groups. The method for definite diag-

nosis of lymphocyte-predominant effusions in our patients 

was dependent on an invasive procedure (20/27 patients, 

74.1%), either a pleural biopsy or a primary tumor tissue 

identification (all identified to be primary lung cancers), 

and highlights the need to explore noninvasive biomarkers 

to diagnose these two common clinical diseases.

During routine PE analysis, we found that higher leu-

kocyte count levels in pleural fluid represent the underlying 

mechanism of PE formation attributable to injury of the 

pleural membrane or vasculature, with a resultant increase 

in capillary permeability. TPE is usually an acute illness 

that is related to the rupture of subpleural TB foci into the 

pleural space, causing direct pleural membrane destruction, 

inducing a predominant leukocyte reaction.18 However, the 

cause of MPE is both increased capillary permeability (due to 

local inflammatory changes in response to tumor invasion)19 

and transudative effusions (secondary to postobstructive 

atelectasis and/or low plasma oncotic pressure secondary 

to cachexia).20 The different mechanisms in the formation 

of these two classes of PEs may partially explain our result 

of higher leukocyte counts in TPE patients. Moreover, our 
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result is similar to a previous study.12 With routine biochemi-

cal PE analysis (of pleural proteins and LDH), there was no 

significant difference between TPE and MPE patients in our 

study and in the study by Duysinx et al, but higher protein 

Light’s ratio and LDH Light’s ratio were reported in the study 

by Duysinx et al.21

Both microbes and tumors activate innate defenses, tis-

sue repair, and adaptive immunity. TB and malignancy are 

among the main etiologies of pleural exudates, particularly 

in lymphocyte-predominant PEs. Pleural exudates are associ-

ated with immune cell migration to the pleural cavity.22 Our 

study further investigated relevant cytokines, chemokines, 

and angiogenic factors during the immune response to TB 

and tumors. In innate immunity to TB and tumors, previous 

studies found significantly higher levels of proinflammatory 

cytokines, such as tumor necrosis factor-a and IL-1β, in TB 

patients than in MPE patients,23,24 which were associated 

with an imbalance between plasminogen activator inhibitor-1 

and tissue type plasminogen activator and subsequently led 

to fibrin deposition and residual pleural thickening.25,26 Our 

study is consistent with higher median IL-1β levels in TPE 

patients.

IFN-γ is the most studied cytokine and a useful marker 

for diagnosing TPE.27–30 Our result is comparable with 

a diagnostic role of IFN-γ in TPE patients. In addition, 

IP-10 is secreted by several cell types in response to IFN-γ. 

These cell types include monocytes, endothelial cells, and 

fibroblasts.31 Thus, it is not surprising that we found signifi-

cantly elevated IP-10 levels in TB effusions compared with 

those in malignant effusions. A previous study by Dheda 

et al32 also found a similar result, suggesting that IP-10 

may have a diagnostic role in TPE. Mycobacterial antigen 

entry into the pleural space induces an intense immune 

response, initially due to neutrophils and macrophages33,34 

and subsequently followed by T-helper cell type 1 (Th1) 

lymphocytes.35,36 Our study shows a concordant polarized 

Th1 immune response in TPE, with higher levels of IFN-γ 

and IFN-γ-related protein, IP-10, to promote macrophage 

activation.

Interestingly, we found higher IL-13 levels in TPE patients 

than in MPE patients. IL-13 is a type 2 cytokine, and its 

involvement in TB is less clear. It is thought that local immune 

reactions to MPE favor T-helper type 2 (Th2) cells over the 

Th1 pathway.37,38 However, we found that Th2-associated 

IL-13 was significantly elevated in TPE. In recent years, IL-13 

involvement in the caseous center of necrotized granuloma 

formation has been demonstrated and related to the extent 

of TB disease.39,40 In contrast to protective Th1 cell-mediated 

immunity,3 the role of an IL-4/IL-13-driven Th2 immune 

response for TB susceptibility needs further study.

Finally, in view of MPE, angiogenic cytokines, such as 

vascular endothelial growth factor and bFGF, are important 

for induction of PEs attributable to neovascularization, vas-

cular permeability, and hemorrhage, both in the inflamma-

tory process and tumor progression.41,42 bFGF is mitogenic 

for various cells, including fibroblasts, smooth muscles, and 

endothelial cells, and is also a known angiogenic factor.43 

Previous investigations have demonstrated a critical role for 

bFGF in pleural fibrosis development in symptomatic MPE 

patients.44 In diagnostic applications, the results for MPE 

diagnosis42,45,46 and primary tumors encompassing thoracic 

and extrathoracic tumors are controversial. In our study, 

all MPE patients had primary lung cancer and contained 

significantly higher bFGF levels than effusions due to TB. 

Correlation between bFGF and lung cancer-related MPE may 

be performed in a larger study.

Limitations
Our study has some limitations. First, we performed multi-

variate analysis of five biomarkers significant in univariate 

ROC analysis by PASW 18.0 (SPSS Inc., Chicago, IL, USA), 

and three of these five biomarkers,  IFN-γ, IL-13, and IP-10, 

showed significance (P<0.1). We then combined the three 

biomarkers with multivariate regression using PASW 18.0 

and reported a sensitivity of 100% and specificity of 100% for 

differentiating TPE from MPE (data not shown). However, the 

number of cases is uneven and too small, particularly in the 

TPE group. Thus, firm conclusions cannot be made. Second, 

the immune response to TB and cancer is dynamic, accord-

ing to disease progression, and the resulting cytokine release 

fluctuates. We could not measure cytokines under a similar 

disease status, thereby further limiting extrapolation. Finally, 

our study only aimed to distinguish between TPE and MPE 

(strictly lung cancer-related MPE). However, other causes 

of PEs, such as those secondary to pneumonia or congestive 

heart failure, are easily diagnosed in clinical practice.

Conclusion
Altogether, our data show that five biomarkers (IL-1β, 

IP-10, IL-13, IFN-γ, and bFGF) are released based on innate 

resistance, adaptive immunity, and angiogenesis during TB 

infection and cancer progression, which can differentiate 

TPE from MPE (particularly lung cancer-related MPE). 

Their application to clinical diagnosis may be performed in 

large-scale studies, with consideration to cost-effectiveness 

in the future.
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