
 

 
Note: The publisher is not responsible for the content or functionality of any supporting information supplied by the authors. Any queries 
should be directed to the corresponding author for the article. 
 
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or 
those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article or claim that may be made by its 
manufacturer is not guaranteed or endorsed by the publisher. 

 

            
 
   Monaldi Archives for Chest Disease 
 
 
 
 
 
 
 
 
eISSN 2532-5264      https://www.monaldi-archives.org/ 
 
 
 
Publisher's Disclaimer. E-publishing ahead of print is increasingly important for the rapid 
dissemination of science. The Early Access service lets users access peer-reviewed 
articles well before print / regular issue publication, significantly reducing the time it 
takes for critical findings to reach the research community.  
These articles are searchable and citable by their DOI (Digital Object Identifier). 
 
The Monaldi Archives for Chest Disease is, therefore, e-publishing PDF files of an early 
version of manuscripts that have undergone a regular peer review and have been 
accepted for publication, but have not been through the typesetting, pagination and 
proofreading processes, which may lead to differences between this version and the final 
one.  
The final version of the manuscript will then appear in a regular issue of the journal. 
 
E-publishing of this PDF file has been approved by the authors.  
 
All legal disclaimers applicable to the journal apply to this production process as well. 
 
 
Monaldi Arch Chest Dis 2024 [Online ahead of print]  
 
To cite this Article: 
Narahari NK, Ravula N, Kodati R, et al. Diagnostic accuracy of cancer ratio and other 
new parameters in differentiating malignant from benign pleural effusions. Monaldi 
Arch Chest Dis doi: 10.4081/monaldi.2024.3131 
  
 
           ©The Author(s), 2024 

Licensee PAGEPress, Italy 

https://www.monaldi-archives.org/
https://www.monaldi-archives.org/
https://www.pagepress.org/site


Diagnostic accuracy of cancer ratio and other new parameters in differentiating malignant 

from benign pleural effusions 

 

Narendra Kumar Narahari,1 Nandini Ravula,1 Rakesh Kodati,1 Shantveer G Uppin,2  

Saibaba KSS,3 Bhaskar Kakarla,1 Paramjyothi Gongati1 

 
1Department of Pulmonary Medicine, Nizam’s Institute of Medical Sciences, Hyderabad; 
2Department of Pathology, Nizam’s Institute of Medical Sciences, Hyderabad; 3Department of 

Biochemistry, Nizam’s Institute of Medical Sciences, Hyderabad, India 

 

Correspondence: Rakesh Kodati, Department of Pulmonary Medicine, Nizam’s Institute of 

Medical Sciences, Hyderabad-500082, Telangana, India. 

Tel.: +91 9781994022. E-mail: kodatirakesh@gmail.com 

 

Contributions: NKN, NR, SGU, SBK, BK, PG, concept and design of the work, data 

acquisition, data analysis and interpretation, initial drafting of manuscript; RK, data 

acquisition, data analysis, interpretation, final drafting of manuscript, and guarantor of overall 

content. All authors have read thoroughly and approved the final draft of the manuscript 

 

Conflict of interest: the authors declare that they have no competing interests, and all 

authors confirm accuracy. 

 

Ethics approval and consent to participate: institute ethical committee clearance obtained 

(EC/NIMS/3025/2022). 

 

Informed consent : Written informed consent was obtained from all participants or their 

healthcare proxy. 

 

Funding: none.  

 

Availability of data and materials: the data analysed during the current study are available 

from the corresponding author on reasonable request.   

mailto:kodatirakesh@gmail.com


Abstract 

Differentiation of malignant from benign pleural effusions is challenging in clinical practice 

due to limitations in the cytologic analysis. The combination of pleural fluid biomarkers has 

previously been used to predict malignant pleural effusion (MPE). We have conducted a 

prospective observational study to assess the diagnostic potential of cancer ratio [(CR) serum 

lactate dehydrogenase (sLDH): pleural fluid adenosine deaminase (pADA)], CR plus (CR: 

pleural lymphocyte count), sLDH: pleural lymphocyte count, and age: pADA in 

differentiating malignant effusions from benign ones. Prospective data from patients 

evaluated for exudative pleural effusions in the pulmonary medicine department at our 

institute over 12 months were collected. All subjects underwent thoracentesis, and if the 

results were inconclusive, they underwent invasive diagnostic testing for confirmation. They 

were divided into MPE and non-MPE groups for analysis. Pleural fluid biomarker ratios were 

calculated and compared between both groups, and receiver operating characteristic curves 

were generated. We included 120 subjects: 59 were diagnosed with MPE, and 61 had benign 

effusion (46 tubercular and 15 parapneumonic). The mean (standard deviation) age of the 

study population [64 (53.3%) males] was 52.4 (14.5) years. CR, CR plus, and age: pADA 

were significantly higher in the MPE group compared to the benign group. The sLDH: 

lymphocyte count was similar between both groups. Age: pADA ratio and CR performed 

best, with areas under the curve of 0.99 [95% confidence interval (CI), 0.97-1.0] and 0.97 

(95% CI, 0.94-1.0) respectively. A higher age: pADA level was associated with a malignant 

etiology of effusion (adjusted odds ratio 12.27, 95% CI 2.37-63.54) on multivariate analysis. 

At a cut-off of 2, age: pADA ratio provided 96.6% sensitivity, 93.4% specificity, with a 

positive likelihood ratio of 14.7. Age: pADA and CR are promising diagnostic indices for 

differentiating MPE and non-MPE with high sensitivity and specificity. The diagnostic 

accuracy of CR plus and sLDH: lymphocyte ratio is inferior to that of CR and age: pADA.  

 

 

Key words: malignant pleural effusion, cancer ratio, adenosine deaminase, lactate 

dehydrogenase. 

  



Introduction 

Pleural effusion is a common clinical entity encountered in the clinical practice of general 

physicians and pulmonologists. History and clinical examination help narrow down the 

differential diagnoses. Thoracentesis and pleural fluid analysis are the initial diagnostic steps 

in the evaluation of effusion. Effusions are classified as exudative or transudative based on the 

biochemical analysis using Lights criteria [1]. The causes of exudative pleural effusion are 

numerous, with tuberculosis, parapneumonic and malignant effusions (MPE) being the most 

common [2]. Further diagnosis of an exudative effusion requires additional testing of the 

pleural fluid, which include culture sensitivity, adenosine deaminase level (ADA), acid fast 

bacilli, GeneXpert MTB/RIF and malignant cytology. For patients where pleural fluid analysis 

cannot definitively establish a diagnosis, medical thoracoscopy guided pleural biopsy or 

closed pleural biopsy becomes necessary [3]. 

Distinguishing between malignant and tuberculous exudative effusions is challenging in daily 

clinical practice. The paucibacillary nature of tubercular effusions and the low yield of 

cytology in malignant effusions are significant hurdles. Additionally, the widely used 

biomarker pleural fluid ADA level for tuberculosis has its limitations [4,5]. In tuberculosis 

endemic regions, many patients of undiagnosed pleural effusion are erroneously diagnosed 

and treated with empirical anti-tuberculous therapy. This misdiagnosis deprives patients from 

appropriate treatment, as the underlying condition remains unidentified [6]. 

Pleural fluid biomarkers are minimally invasive and can suggest a specific diagnosis before 

proceeding with invasive diagnostic tests. Low levels of pleural fluid ADA (pADA) are used as 

a surrogate indicator of malignant effusion while awaiting the cytology results. However, 

there is insufficient data on the true diagnostic performance of this relationship. Several 

pleural fluid tumor markers including carcino-embryonic antigen (CEA), cytokeratin 19 

fragments, cancer antigen 125, have been evaluated previously. Lack of validated studies and 

standardized laboratory analytic methods limit their implementation in clinical practice [7]. 

The pleural fluid biomarkers are combined to improve the accuracy of diagnostic tests. 

Serum lactate dehydrogenase (sLDH) is raised in MPE whereas pADA and lymphocyte count 

remain comparatively low. In comparison, serum LDH is low in tubercular effusion whereas 

pADA and lymphocyte count are raised. This reciprocal relationship between serum LDH, 

pADA, and pleural lymphocyte count has gained interest in recent times in differentiating 

MPE from benign effusions. Cancer ratio [CR, serum LDH: pleural ADA ratio] at a cut-off 

level of > 20 was highly predictive of MPE in patients with lymphocyte predominant 



exudative pleural effusion [8]. This ratio when combined with pleural lymphocyte count, 

termed as cancer ratio plus [CR plus] further shown to enhance the specificity. LDH: pleural 

lymphocyte count has also been shown to be higher among MPE subjects [9]. The best cut-

off values for CR and CR plus have not been established. The inclusion of age into these 

biomarkers has also been studied, as the incidence of malignancies increase with age. Age: 

pADA level has shown to have good performance in predicting MPE [10]. The addition of 

pleural CEA to these ratios increased the diagnostic efficacy in subjects with MPE [11]. 

The present study aimed to evaluate the performance of CR, CR plus, age: ADA, and sLDH: 

pleural lymphocyte count in differentiating malignant from non-malignant pleural effusions. 

 

Materials and Methods 

Study design, setting, and participants  

The current study was a prospective observational study conducted between January 2022 to 

December 2022 in the department of respiratory medicine at our institute. All subjects aged 

18 years or more with exudative pleural effusions who underwent pleural fluid analysis were 

enrolled. Written informed consent was obtained from all study participants or their next to 

kin to participate in the study. The study protocol has received approval from the Institutional 

ethical committee (EC/NIMS/3025/2022). We have reported the study according to the 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines.  

 

Variables and data sources 

Demographic and clinical details of the participants were recorded. All patients underwent 

pleural fluid investigations, which included cell count, cell type, biochemical analysis 

[protein, glucose, LDH levels], ADA levels and fluid for malignant cytology. In cases 

suspected of infectious etiology, the pleural fluid was tested for microbiologic cultures and 

GeneXpert MTB/RIF. Serum was tested for LDH and protein levels. The diagnosis of 

malignancy was confirmed either by fluid cytology, pleural biopsy or biopsy from another 

metastatic/primary site. The diagnosis of tubercular effusion was confirmed by pleural fluid 

biochemical analysis (ADA level > 70 U/L or lymphocytic effusion with ADA of 40-70 U/L 

and clinical suspicion) or identification of acid fast bacilli (AFB) or positive GeneXpert 

MTB/RIF in pleural fluid/sputum/bronchoalveolar lavage or granulomatous inflammation on 

pleural biopsy. The parapneumonic effusion was confirmed by isolation of microorganism on 

fluid culture or response to antibiotic therapy.  



We analysed the effects of following laboratory ratios in determining the accuracy of 

identifying malignant pleural effusion.  

1) The ratio between sLDH and pADA: this was called as CR 

2) The ratio of cancer ratio to the percentage of differential pleural lymphocyte count: 

this was called as CR plus 

3) Age to pADA ratio   

4) Ratio of sLDH and differential pleural lymphocyte count 

 

Statistical methods 

For statistical analysis, data were entered into a Microsoft excel spread sheet and then 

analysed by SPSS (version 27.0; SPSS Inc., Chicago, IL, USA).  The data was described using 

counts and proportions for categorical data and Mean + standard deviation (or Median with 

Interquartile range if non-parametric distribution) as appropriate for continuous data. The 

normality of the data was assessed by Kolmogorov-Smironov and Q-Q plots. Categorical data 

was analysed using chi-square test. Numerical data between the groups was compared using 

Student’s t test or Mann Whitney U test based on the data distribution. 

A multivariate binomial logistic regression analysis was performed to assess the factors which 

predict the likelihood of malignant etiology.  We entered relevant variables for the 

multivariate analysis (gender, symptom duration, fever, cancer ratio, cancer ratio plus, and 

age/ADA levels) to calculate the adjusted odds ratio. We used the receiver operating 

characteristic (ROC) curves to determine the performance of the biomarker ratios. The area 

under the ROC curve (AUC) was used to quantify the performance of these ratios. The best 

cut-off value was described using the Youden’s J statistic which is calculated as: sensitivity + 

specificity - 1. The sensitivity, specificity, positive and negative predictive value of the best 

cut-off with their 95% confidence intervals (CI) was then calculated. P-value ≤ 0.05 was 

considered statistically significant. 

 

Results 

During the study period, 120 patients with exudative pleural effusion were enrolled. The 

mean (SD) age of the study population [64 (53.3%) males] was 52.4 (14.5) years. The mean 

(SD) duration of clinical symptoms was 33.8 (26.1) days. Out of 120 cases, 59 (49.2%) were 

diagnosed with malignant etiology, while 61 (50.8%) were diagnosed with non-malignant 

etiology. The most common sites of primary were the lung (n= 38) and breast (n=10). Other 



primary sites included the cervix (n=2), neuroendocrine tumour (n=2), and one each in the 

thyroid, kidney, ovary, synovial sarcoma, and ependymoma. In two cases, no primary site of 

malignancy was identified. Among non-malignant effusions, 46 (38.3%) cases were of 

tubercular etiology, while 15 (12.5%) cases were parapneumonic effusions. The method for 

diagnosing all types of effusions is detailed in the flow chart shown in Figure 1. All non-

malignant effusions were followed up in our clinic for six months and showed clinical 

improvement with antimicrobial therapy. Effusions with an underlying malignant etiology 

were referred to the oncology center at our institute. The baseline clinical and pleural fluid 

characteristics are shown in Table 1.  

 

Comparison of characteristics of MPE group and non-MPE groups (Table 2) 

The mean age (56.8 vs 48.2 years, p<0.01) and symptom duration (40.2 vs 27.6 days, 

p<0.01) were higher in MPE group. MPE group had more female population compared to 

non-malignant group. All the clinical symptoms were similar between the two groups, except 

for fever, which was more common in the non-MPE group [48 (78.7%) vs 19 (32.2%), 

p<0.01]. Patients with MPE had less protein, LDH, ADA level, and cell count in their pleural 

fluid; however, they had a higher glucose, CR, CR plus, and age: pADA than non-MPE 

patients (Table 2). The sLDH: lymphocyte count ratio was similar between the two groups. 

On multivariate analysis, higher age: pADA level was associated with malignant etiology of 

pleural effusion (aOR 12.27, 95% CI 2.37 -63.54). 

ROC curves were calculated for CR, CR plus, sLDH: lymphocyte count, and age: pADA 

(Figure 2).  Age: pADA ratio and CR performed best with an AUC of 0.99 (95% CI, 0.97-1.0) 

and 0.97 (95% CI, 0.94-1.0) respectively.  CR plus performed good with an AUC of 0.89 

(95% CI, 0.84-0.95) while sLDH: lymphocyte count ratio performed poorly (Table 3).  

The best cut off values for the various ratios for differentiating malignant from non-malignant 

effusions are determined using Youden’s statistic (Table 4). CR at a cut-off of 10 offered 93.2 

% sensitivity, 95.1 % specificity, 94.8% positive predicted value, and 93.5% negative 

predicted value. At a cut-off of 15, cancer ratio plus provided 83.1 % sensitivity, 72.1 % 

specificity, 74.2 % positive predicted value, and 81.5 % negative predicted value. At a cut-off 

of 2, age: pADA level ratio provided 96.6 % sensitivity, 93.4 % specificity, 93.4 % positive 

predicted value, and 96.6 % negative predicted value.  At a cut-off of 450, sLDH: 

lymphocyte count provided 50.8 % sensitivity, 57.4 % specificity, 53.6 % positive predicted 

value, and 54.7 % negative predicted value.   



Discussion  

The present study was done to evaluate the diagnostic utility of various biomarkers (CR, CR 

Plus, age: pADA ratio and sLDH: Pleural lymphocyte count) to discriminate MPE from non-

malignant pleural effusions. We found that CR, CR plus and age: pADA ratio were 

significantly higher in MPE and were useful in differentiating malignant from benign 

effusions. Among them, age: pADA ratio had the highest accuracy followed by CR, in 

predicting MPE. The cutoffs obtained in our study were 2 for age: pADA and 10 for CR. 

Addition of pleural lymphocyte count to CR did not increase the accuracy.  

Serum LDH is a ubiquitous cellular enzyme that rises non-specifically after tissue damage. It 

is elevated in various inflammatory conditions, severe sepsis and malignancies. The elevation 

in malignancy is related to the tumour burden and metastatic spread. This is due to 

predominant dependence of cancer cells on glycolytic pathway for metabolism, and LDH 

facilitates glycolysis [12]. The level of sLDH varies in different types of primary malignancies, 

being highest in hematologic malignancies, and also changes with the stage of malignancy. 

Moreover, sLDH levels vary in cases of hemolysed samples during laboratory analysis. We 

did not find any difference of sLDH values between both the groups. This parameter varied 

differently across previous studies, with some studies showing higher sLDH in malignant 

effusions [10,13] while some showing no difference [14,15]. 

ADA is an enzyme which catalyses the conversion of adenosine to inosine. It is produced by 

lymphocytes, neutrophils, monocytes, and macrophages. ADA is utilised primarily for its 

negative predictive value in regions with low tuberculosis prevalence. In areas of high 

tuberculosis prevalence, no ADA level can reliably exclude TPE. The level of ADA is higher in 

tubercular effusion than other exudative effusions. It is also elevated in parapneumonic 

effusions, empyema, rheumatoid arthritis, and occasionally in malignancies (lung cancer, 

mesothelioma and lymphoma) [16]. In our study, ADA levels were significantly lower in MPE 

compared to benign effusions, consistent with previous studies. Subjects with pleural 

tuberculosis comprised the majority of the benign effusion group. 

In our study, CR at a cut-off of 10 showed 93.2% sensitivity, 95.1% specificity with 94.8% 

positive predicted value, and 93.5% negative predicted value. It performed best with an AUC 

of 0.97 (95% CI, 0.94-1.0). The initial study on CR by Akash verma et al, reported good 

sensitivity and specificity (98% and 94% respectively) similar to us but with a cut off of 20 

[8]. The cut-offs for CR have varied in previous studies, ranging from 10 to 22. The largest 

study till date on CR which included 987 subjects with 318 being MPE showed sensitivity 



and specificity of 94% and 73% at a cut off > 10 [17]. The results of our study are concordant 

with a recent meta-analysis on CR which reported pooled sensitivity and specificity of CR 

was 0.96 and 0.88 respectively with an AUC of 0.98 [18]. However a recent study that 

included patients with heart failure in the control group, in contrast to other studies that used 

tuberculosis and pneumonia as controls, reported limited accuracy of CR [15]. 

In our study, CR Plus at a cut off of 15, showed sensitivity, specificity and AUC of 83.1%, 

72.1% and 0.89 respectively. Initially this ratio was shown to increase the specificity of CR 

by addition of pleural lymphocyte count [9]. The performance of this ratio is inconsistent 

across previous studies; the largest study by Gayaf et al showed 82.2 % sensitivity and 45.8 

% specificity [13]. In another study, CR has been shown to have better accuracy than CR plus 

[19]. The summary of previous studies on CR and CR plus are summarized in the 

Supplementary Table 1. The variable performance of these ratios is likely due to differences in 

inclusion criteria and characteristics of the study population. Across different studies, the 

differences in sLDH and pleural fluid lymphocyte count between groups varied, whereas 

pADA consistently showed lower levels in MPE compared to controls. 

The diagnostic accuracy of this LDH: lymphocyte count ratio for discriminating MPE from 

benign effusions is found to be low; these findings are consistent with previous studies 

[9,13]. We did not find any difference of this parameter between MPE and non MPE groups, 

unlike other studies. This is likely due to the smaller difference in pleural fluid lymphocyte 

counts observed in our cohort.  

The diagnostic accuracy of CR decreased with increasing age, showing that CR may not be a 

reliable marker of MPE in older patients [15]. Patients with MPE were older than those with 

non-malignant PE, and their pleural fluid ADA levels were lower. It was expected that the 

ratio of age and ADA would increase the differentiation between the two groups and 

enhance diagnostic performance. In our study this ratio had highest accuracy compared with 

other ratios in differentiating effusions, similar to one of the subgroups in a study by Ren Z et 

al [20]. In a Chinese study [14], the sensitivity and specificity at a cut-off of 2.6 were found to 

be 81.5% and 97.8% respectively; in a polish study [10], these values were 93.2% and 

71.2% (Table 5). There are also certain limitations of ADA which influence the interpretation 

of the ratio, including factors such as timing of fluid sampling in the disease course, age and 

smoking status [4]. 

These ratios can aid in assessing the likelihood of a malignant etiology in undiagnosed 

exudative effusions. Similar to ADA levels, these ratios that include ADA are expected to have 



higher positive predicted value in TB-endemic regions than non-endemic regions. However, 

they have performed well in previous studies conducted across all regions, regardless of TB 

endemicity.  They could be particularly useful in identifying patients who require definitive 

diagnosis, rather than initiating empirical anti-tuberculous therapy in TB-endemic regions. . 

Nevertheless, signs of malignancy should not be overlooked during the clinical examination, 

regardless of the fluid analysis findings. 

Our study has a few limitations. This is a single centre observational study with a small 

sample size. Our cohort of non MPE primarily included parapneumonic and tubercular 

effusions; other causes of benign exudative effusion were not represented. In cohort of MPE, 

9 cases did not have proven malignancy in pleural fluid or pleural tissue, as biopsy from 

other accessible sites was preferred. These effusions could probably represent a para 

malignant etiology. However, a pleural biopsy would have given us a better information on 

the true nature of the effusion. Additionally, confounding factors that influence serum LDH 

levels, such as reliability of values on single-time measurement, underlying connective tissue 

diseases and other inflammatory conditions were not explored.  These ratios also inherently 

lack practical implications for management, particularly in cases of malignant effusions. 

 

Conclusions 

Age: pleural fluid ADA and CR are promising diagnostic indices for differentiating MPE from 

benign effusions, showing high sensitivity and specificity, particularly with a high positive 

likelihood ratio. The diagnostic accuracy of CR plus and sLDH: lymphocyte ratio is inferior to 

CR and age: pADA.  Further studies involving larger-scale cohorts from multiple centres are 

needed to validate the findings of our study.   
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Table 1. Baseline characteristics of the study population (n=120).  

SD-standard deviation; LDH-Lactate dehydrogenase; ADA-Adenosine deaminase; ref- 
Reference range.  
 

  

Variables  Values 
Age in years, mean (SD) 52.4 (14.5) 
Male gender, n (%) 64 (53.3) 
Duration of symptoms in days, mean (SD) 33.8 (26.1) 
Complaints, n (%) 
Breathlessness 110 (91.7) 
Cough 109 (90.8) 
Chest pain 73 (60.8) 
Fever 67 (55.8) 
Anorexia 78 (65) 
Loss of weight 56 (46.7) 
Hemoptysis 4 (3.3) 
Comorbidities, n (%) 
Hypertension 38 (31.7) 
Diabetes Mellitus 37 (30.8) 
Smoking 26 (21.7) 
Alcoholism 42 (35) 
Diagnosis of pleural effusion, n (%) 
Malignant effusions 59 (49.2) 
Non-malignant effusions 61 (50.8) 
      Tuberculosis 46 (38.3) 
      Parapneumonic 15 (12.5) 
Pleural fluid and serum analysis, Median (range) 

Total cell count, (cells/mm3) 500 (20-10000) 
     Lymphocytes, (%) 70 (5-100) 
    Polymorphs, (%) 30 (0-95) 
Pleural fluid protein, (g/dl) 4.8 (2.9-7.4) 
Pleural fluid LDH, (U/L) 407 (19-40190) 
Pleural fluid glucose, (mg/dl) 87.5 (1-255) 
ADA level, (U/L) 28.2 (2.1-407.3) 
Cancer ratio 9.1 (0.14-289.04) 
Cancer ratio plus 18.82 (1.4-963.33) 
Age: pleural fluid ADA 2.03 (0.07-23.33) 
Serum LDH: pleural lymphocyte count 432.77 (163.33-7700) 
Serum protein, (ref: 6-8 g/dl) 6.7 (5.3-9.1) 
Serum LDH, (ref: 125-220 U/L) 243 (129-1725) 



Table 2. Comparison of characteristics among malignant and non-malignant effusion 
groups. 

Variable Malignant effusions 
(n=59) 

Non-malignant 
effusions (n=61) 

P value aOR (95% CI) 

Age in years, mean 
(SD) 

56.8 (11.1) 48.2 (16.2) <0.01 - 

Male gender, n (%) 24 (40.7) 40 (65.6) <0.01 0.08 (0.01- 1.16) 

Duration of symptoms 
in days, mean (SD) 

40.2 (30.8) 27.6 (18.9) <0.01 1.01 (0.97-1.04) 

Smoking, n (%) 11 (18.6) 15 (24.6) 0.43 - 

Clinical symptoms, n (%) 

Cough 53 (89.8) 56 (91.8) 0.71 - 

Chest pain 39 (66.1) 34 (55.7) 0.25 - 

Breathlessness 54 (91.5) 56 (91.8) 0.96 - 

Fever 19 (32.2) 48 (78.7) <0.01 0.28 (0.02-3.11) 

Hemoptysis 3 (5.1) 1 (1.6) 0.29 - 

Anorexia 39 (66.1) 39 (63.9) 0.8 - 

Weight loss 33 (55.9) 23 (37.7) 0.05 - 

Pleural fluid and serum analysis, Median (range) 

Pleural protein, (g/dl) 4.6 (2.9 - 7.4) 5.2 (3.2-6.8) 0.03 - 

Pleural LDH, (U/L) 347 (87- 4540) 459 (19-40190) 0.04 - 

Pleural glucose, 
(mg/dl) 

97 (2 - 255) 72 (1-251) <0.01 - 

ADA, (U/L) 12 (2.1-35) 60.8 (12.8-407.3) <0.01 - 

Cancer ratio 23.97 (6.26-289.04) 4.2 (0.14 - 36.98) <0.01 1.11 (0.97-1.26) 

Cancer ratio plus 42.11 (8.43-963.33) 6.77 (1.4 -259.3) <0.01 0.99 (0.97- 1) 

Age: pleural fluid ADA 4.69 (1.57- 23.33) 0.77 (0.07-3.9) <0.01 12.27 (2.37- 63.54) 
* 

Serum LDH: 
Lymphocyte count 

451.42 (178-7700) 396.92 (163.3 - 
7600) 

0.96 - 

Total cell count, 
(cells/mm3) 

400 (30-3200) 700 (20-10000) <0.01 - 

Lymphocytes, (%) 70 (1-100) 80 (5-100) 0.4 - 

Polymorphs, (%) 30 (0-90) 20 (0-95) 0.4 - 

Serum protein, (g/dl) 6.6 (5.3-9.1) 6.7 (5.3-8.7) 0.59 - 

Serum LDH, (U/L) 244 (156 -1725) 240 (129-625) 0.13 - 

SD-standard deviation; LDH-Lactate dehydrogenase; ADA-Adenosine deaminase. Chi-square 
test is used for comparison of categorical variables. Mann Whitney U test is used for all 
continuous variable except age and symptom duration, where Student’s test is used for 
analysis. *p-value < 0.05. 



Table 3. Area under the curve (AUC) values of various ratios. 
Biomarker ratio AUC SE 95% CI P value 

Cancer ratio 0.97 0.016 0.94 – 1.0 <0.01 

Cancer ratio plus 0.89 0.029 0.84 - 0.95 <0.01 

Age: pleural fluid ADA 0.99 0.008 0.97 – 1.0 <0.01 

Serum LDH: pleural 
lymphocyte count 

0.49 0.053 0.39 - 0.6 0.962 

LDH-Lactate dehydrogenase; ADA-Adenosine deaminase. 
 

 

Table 4. Performance characteristics of the best cut-offs different ratios in differentiating 
malignant effusions from non-malignant effusions 

Biomarker ratio Sensitivity Specificity PPV NPV PLR NLR 

Cancer ratio  
Cut off >10 

93.2  
(86.8 - 
99.6) 

95.1  
(89.7 - 
1.00) 

94.8  
(89.1 - 
1.00) 

93.5 
(87.4 - 
99.7) 

18.95  
(6.27-
57.26) 

0.07 
(0.03-
0.18) 

Cancer ratio plus 
Cut off > 15 

83.1  
(73.5 - 
92.6) 

72.1  
(60.9 - 
83.4) 

74.2  
(63.7 - 
84.8) 

81.5  
(71.1 - 
91.8) 

2.98  
(1.96-
4.53) 

0.23  
(0.13-
0.42) 

Age: pleural fluid 
ADA  
Cut off >2 

96.6  
(92 - 1) 

93.4  
(87.2 - 
99.6) 

93.4  
(87.2 - 
99.7) 

96.6 
(92 - 1) 

14.73  
(5.71- 
38.04) 

0.04 
(0.01-
0.14) 

Serum LDH: 
pleural 
lymphocyte 
count 
Cut off >450 

50.8  
(41.5 - 
60.2) 

57.4 
(48.2 - 
66.5) 

53.6  
(43.9 - 
63.2) 

54.7  
(45.7 - 
63.6) 

1.19 
(0.81-
1.75) 

0.86  
(0.61-
1.2) 

LDH-Lactate dehydrogenase; ADA-Adenosine deaminase; PPV-Positive predictive value; 
NPV-Negative predictive value; PLR-Positive likelihood ratio; NLR- Negative likelihood ratio. 
All values are expressed as percentage with 95 % confidence intervals. 
 

 



Table 5. Characteristics of the studies investigating the diagnostic accuracy of age: pleural fluid ADA for MPE 
Author Year Study design Subgroups MPE Controls Cut 

-off 
Sensitivity 
 

Specificity 
 

PLR 
 

NLR 
 

AUC 
 

Korczynski 
et al[10] 

2018 Retrospective Nil 74 66 2.62 93.2 71.2 3.24 0.10 0.847 

Zhou et 
al[14] 

2022 Prospective Nil 90 130 2.65 81.5 97.8 36.69 0.19 0.916 

Ren et 
al[20] 
 

2021 Retrospective Age ≤ 50 
years 

9 80 3.2 88.9 100 - 0.11 0.987 

Age > 50 
years 

91 39 6 81.3 89.7 7.93 0.21 0.855 

Present 
study 

2024 Prospective Nil 59 61 2 96.6  93.4  14.73  0.04 0.99 

MPE- Malignant pleural effusion; PLR-Positive likelihood ratio; NLR- Negative likelihood ratio; AUC- Area under the curve. 
  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Pleural effusions (n=120) 

Malignant etiology (n=59) Non-malignant etiology (n =61) 

Pleural fluid cytology and 
cell block 

Positive (n=43) 

Biopsy from easily 
accessible site of the 
disease 

Endobronchial biopsy (n =2)            
Computed tomography scan guided 
lung mass biopsy (n=2)      
Liver lesion biopsy (n=2)               
Lymphnode biopsy (n=2)                    
Breast lump biopsy (n=1) 

 

 

 

Medical Thoracoscopy 
guided pleural biopsy 
(n=7) 

Tubercular effusions (n=46) 

Diagnosed by ADA criteria (n=38) 
Diagnosed by ADA and GeneXpert (n=5) 
Pleural biopsy (n=3)  

Parapneumonic effusions (n=15) 

 

 

 Figure 1. Flow chart showing the mode of diagnoses in all subjects. 



 
Figure 2. Receiver operating characteristic curves of CR, CR plus, age: pADA, and sLDH, pleural lymphocyte count. 
 


