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ABSTRACT  

Introduction:  

The most common causes of exudative effusions are Tuberculosis, Cancer and 

Parapneumonic effusion. Pleural fluid ADA is used as biochemical marker for 

Tuberculosis. However, there is no reliable biomarker to aid the diagnosis of 

malignant effusion. We analyze the newly emerging biochemical markers, Serum 

LDH: Pleural fluid ADA (Cancer ratio) and Cancer ratio plus (Cancer ratio: Pleural 

fluid lymphocyte count) as predictor of malignant effusion and study its utility.  

Aims:  

To study the diagnostic potential of Cancer ratio and Cancer ratio plus in identifying  

malignant effusion from other exudative effusions.  

Methodology:  

Prospective analysis of 102 patients with pleural effusion done. Thorough clinical 

examination, radiological investigations, routine serum and pleural fluid biochemical 

analysis are done on the day of admission. Serum LDH, Pleural fluid ADA and 

lymphocyte count along with other values are noted. Cancer ratio, Cancer ratio plus 

calculated and patients are prospectively followed up. It is correlated with the final 

diagnosis and statistically analyzed  

Results:  

Cancer ratio and cancer ratio plus is significantly higher in malignant effusion. In  
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multivariate logistic regression analysis, cancer ratio and cancer ratio plus are  

correlated positively with malignant pleural effusion. Cancer ratio, at cut-off level of 

20 showed Sensitivity 94.1% & Specificity 98.3%, cancer ratio plus cut-off level 30 

has Sensitivity 94.1% & Specificity 95.6% . 

Conclusion:  

Cancer ratio and Cancer ratio plus can be calculated from routine biochemical tests, is 

cost effective and can prompt malignancy with high accuracy. It can guide physicians 

to look for malignancy more actively than watchful waiting or TB treatment 

empirically. 
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INTRODUCTION: 

The term pleural effusion refers to the accumulation of fluid between the pleural 

space. Normally 0.01ml/kg/hr of pleural fluid is normally produced. Whenever the 

rate of production increases or the rate of absorption decreases, it results in pleural 

effusion. The first step in the evaluation of pleural effusion (once the diagnosis is 

confirmed) is the separation of exudates from transudates.1 It is done by using the 

Light’s criteria. 

 

 

 

 

 

 

Among the exudative pleural effusions, the three most common causes are 

Tuberculosis, Malignancy, Parapneumonic effusion.2,3 

Pleural fluid ADA serves as a reliable biomarker for tuberculous effusions. At 

a cut off level of 40 IU/L, it can identify tuberculosis with a sensitivity of 

85.7% and specificity of 80.8%. 9 

 

Table 1: Light’s criteria 1 

Pleural fluid protein / Serum protein > 0.5 

Pleural fluid LDH / Serum LDH > 0.6 

Pleural fluid LDH more than 2/3 of the upper limit of Serum LDH 
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For malignant pleura effusion there is no reliable biochemical marker. 

Some of the studies have shown low levels of ADA in most of the 

malignant effusions.4,5 Since there is no biochemical explanation for this, 

low ADA levels cannot be directly used for identifying malignant effusions. 

Low levels of ADA can also be found in other conditions like elderly age, 

immunodeficiency disorders, connective tissue disorders.5 

MPE can be diagnosed with pleural fluid cytology. The yield of pleural 

fluid cytology is variable and procedures like thoracoscopy biopsy may be 

delayed in a cytology negative malignant effusion. 

Serum lactate dehydrogenase is a cellular enzyme composed of four 

subunits. There are 5 isoforms which are enzymatically similar but has 

different tissue distribution. Many studies have shown SerumLDH as a 

prognostic marker for cancer and cancer therapeutics. 6,7 

Recently Verma et al 2,3 has come up with a new biochemial marker making 

use of serum LDH and Pleural fluid ADA. They have used the term Cancer 

ratio for Serum LDH: Pleural fluid ADA 

Cancer ratio plus for cancer ratio: Pleural fluid lymphocyte count.  

Their study has shown cancer ratio and cancer ratio plus have high 

sensitivity and specificity in identifying malignant pleural effusion.  

The present study is to evaluate the potential of cancer ratio and cancer ratio 

plus in identifying malignant pleural effusions in Indian subset of 

population. 
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AIMS AND OBJECTIVES: 

• To determine the values of Pleural fluid ADA, Serum LDH, Pleural fluid 

lymphocyte count, Cancer ratio and Cancer ratio plus. 

• To compare the results of Cancer ratio and Cancer ratio plus prospectively 

with the final diagnosis of the patient. 

• To evaluate the use of CANCER RATIO (Serum LDH: Pleural fluid 

ADA) and CANCER RATIO PLUS (Cancer ratio: pleural fluid 

lymphocyte count) in identifying malignant effusion from other exudative 

effusions. 
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Malignant pleural effusion is the second most common cause of exudative pleural 

effusion.1 Carcinoma from any organ can metastasize to pleura. Most common that 

invade the pleura is the lung cancer. 

 

Table  2 : Causes of Malignant pleural effusion8 

 

TUMOUR n PERCENT 

Lung 641 36 

Breast 449 25 

Lymphoma 187 10 

Ovary 88 5 

Stomach 42 2 

Unknown primary 129 7 

All other malignancy 257 14 

 

 

Malignant pleural effusion (MPE) is a common complication of advanced 

malignancy. The incidence is estimated to be greater than 150,000. 

Of these, which lung cancer, breast cancer, and lymphoma are the most common 

causes. 



13 
 

 Median survival following diagnosis ranges from 3 to 12 months. It depends on: 

• the type of underlying malignancy 

• tumor characteristics 

• the extent of disease 

• comorbidities 

• the composition of pleural effusion 

Predicting individual remaining life span is difficult which makes the goals of 

palliation and improving quality of life even more challenging.  
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Poor performance status correlated with mortality, lower Karnofsky scores predicted 

shorter surviVAL.  

. 

 LENT SCORE CALCULATION FOR MALIGNANT PLEURAL EFFUSION 
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Combined use of Eastern Cooperative Oncology Group score (ECOG),with other 

pleural fluid findings [lactate dehydrogenase (LDH) levels, neutrophil to lymphocyte 

ratio and tumor type], is a better predictor of survival compared to performance status 

(ECOG) alone. 

The Clinical presentation of MPE can vary from no symptoms to acute respiratory 

distress 

Dyspnea is the most common presenting symptom  

Chest pain which is more commonly seen in mesothelioma and is often dull rather 

than pleuritic. 
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   Pathogenesis of malignant pleural effusion: 

The pathogenesis of malignant pleural effusion is the combination of multiple 

mechanism.  

 

TABLE 3:Mechanism by which malignant disease leads to pleural fluid 

formation: 
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Of these,  the widely accepted concept is the lymphatic obstruction. 

Lymphatic obstruction: 

The lymphatics in the parietal pleura has stomas. These stomas join together to 

form lacunae. Lacunae combines to form lymphatic channels which join  the 

intercostal trunk for lymphatic drainage reaching the mediastinal nodes. 

 

The malignant cells initially reach the visceral pleura. From here the tumour cells 

are shed into the pleural fluid. The tumour cells have to undergo major change in 

the metabolic demands to survive in the pleural fluid. The tumour cells without the 

growth factors and blood supply tend to go for apoptosis. In addition, the 

mesothelial cells and lymphocytes in the pleural fluid tends to stop the invading 

tumour cells. These tumour cells can produce secondary deposits in the parietal 

pleura. The tumour infiltrates and blocks stomas and courses decrease in pleural 

fluid reabsorption. In various autopsy studies, it is shown that  mediastinal nodes 

involvement than the extent of parietal pleural involvement that places major role 

in malignant effusion. There can also be direct extension of tumour from the lungs 

to adjacent structures like chest wall , intercostal muscles,  nerves etc., 

This mechanism has its own pitfalls. It does not answer the following questions 

1.The rate of accumulation is more than the considered rate of decrease in 

absorption 

2.The protein content in the effusion is slightly higher which suggest the 

possibility of plasma leakage 
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3.The effusion occurs in people Without parietal little involvement 

 

Increased permeability of pleura: 

The protein content in the malignant effusions are usually higher than the other 

exudative effusion. The possible explanation is the increased permeability of the 

pleura. The exact mechanism is not known. It may be due to the increased 

production of VEGF by the tumour cells. 

 

Vascular Endothelial Growth Factor promotes angioGenesis.  

This explains the haemorrhagic nature of malignant pleural effusions because of 

increased vascularPermeability. The levels of VEGF is increased in malignant than 

others.  

 

Bronchial obstruction: 

When a tumour blocks the main bronchus or the lobar bronchus it causes 

resorption and atelectasis of the distal lung tissue. This causes increase in the 

pleural negative pressure which promotes fluid accumulation. 
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 Fig 1a: Mechanism of pleura fluid formation: 
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Fig 1B: 8th TNM classification of lung cancer (NSCLC)  
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Fig 1C: STAGES OF VISCERAL PLEURAL INVASION: 

 

 

 

 

 

Modified Hammar Classification of visceral pleural invasion (VPI):  

The different clusters of blue cells represent tumor. 

PL0 - either tumor within the subpleural Lung parenchyma. 

 PL1 - tumor invades beyond the elastic layer 

PL2 - Tumors that invade to the pleural surface 

PL3 - invade into any component of the parietal pleura.  

 

https://www.sciencedirect.com/topics/medicine-and-dentistry/lung-parenchyma
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BIOMARKERS IN MALIGNANT EFFUSION: 

 

During the previous years, research focused on pleural fluid proteins as biomarkers for 

diagnosis, prognosis or treatment outcomes. More recently, the development of 

various new techniques has boosted the characterisation of nucleic acids in MPE. A 

plethora of different biomarkers have been measured. It includes: 

• proteins expressed by cancer cells ( mesothelin, CEA, CA15-3, CA125, 

CYFRA 

• surface receptors on immune cells (CD163+ on macrophages) 

• extracellular matrix proteins (OPN, fibulin-3) 
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• RNA/DNA levels and sequence 

 

 Although most nucleic acids have not yet gained acceptance in clinical practice, 

analysis of epidermal growth factor receptor (EGFR), EML4-ALK and KRAS 

mutations have a pivotal role for the targeted treatment of patients with lung cancer. 

Evidence indicates that EGFR mutations are abundant in patients with MPE compared 

to primary tumour samples 
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Pleural fluid ADA in exudative effusions: 

Ashmita A Mehta et al9: 

It is an observational study done in a tertiary care teaching hospital which is 

published in Lung India. They had 122 exudative effusion out of 171 pleural fluid 

samples. The mean ADA levels in various conditions are listed below. 

Tuberculosis – 55.8 (9.7- 756) 

Malignancy – 18 (6.5 – 81) 

Parapneumonic – 25 (3.4 – 172) 

They had chosen a cut off value of 40 U/L to diagnose tuberculous pleural effusion

 

 We can observe the low levels of ADA in malignant effusion compared to other 

exudative effusions. This study has not included or compared pleural fluid 

lymphocyte count with ADA values of the patients. It proves to be a good study in 

using ADA for diagnosing tuberculous pleural effusions. 
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Diagnostic potential of ADA in non lymphocytic effusion: 

D Jiminez castro et al 4: 

It is a prospective observational study with cohort size of 410. This study is mainly 

undertaken to evaluate ADA in non tuberculous effusion. It is one of the s tudies 

with high number of non TB pleural effusion. They had followed strict diagnostic 

criteria for pleural tuberculosis, by confirming either microbiological or 

histopathological. This study includes 221 cases of malignant pleural effusion. The 

mean ADA in malignant pleural effusion in this study is 15.57 U/L +/- 10.6. 

 

 

 

Two patients have bronchogenic carcinoma but with higher pleural fluid ADA. 

When ADA1 / ADATP ratio is calculated, they were diagnosed as non tuberculous. 

Hence this study concludes that ADA less than 40 U/L in pleural fluid virtually 

excludes tuberculosis in lymphocytic effusions.  
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ADA in TB and Malignancy: 

Nariman A Helmy et al12: 

This study is done in Cairo University, Egypt to study the diagnostic value of 

adenosine deaminase in TPE and MPE. They had total of 30 patients. 19 cases of 

TPE and 11casesof MPE. They studied the ADA levels in these two groups. 

Among the two groups TPE group had a mean ADA level of 83.5 U/L and MPE 

group had mean ADA value of 28.7 U/L with a p value of 0.002. 

This study indicates ADA levels in pleural fluid can be used with high diagnostic 

rates in not only diagnosis but also exclusion of tuberculosis in whom pleural 

tissue outcomes are awaited.  
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Pleural fluid ADA and LN ratio: 

Lesley J Burgess et al 13: 

This study is done in Stellenbosch, South Africa. they had taken total of 303 

patients. They have divided the patients into three groups. Infective, neoplastic and 

other exudative effusion. 

Median ADA levels in  

Tuberculosis: 103 U/L 

Infections: 30 U/L 

Malignancy: 21U/L 

We find that the ADA levels in malignancy are much lower than the other two 

groups. This also compares the lymphocyte to neutrophil ratio (L/N Ratio). The 

study shows that L/N Ratio of > 0.75 with low ADA levels are more suggestive 

are non hematological malignancies.  

 

L Valdes et al24: 

This is a prospective observational study to study the diagnostic significance of 

pleural fluid ADA. They have studied 350 cases of pleural effusion for which a 

definitive diagnosis was ultimately reached. they have dividedinto varoious groups 

based on the final diagnosis. In the tuberculous group, total ADA activities of 47 

U/L or more. Similarly, the tuberculous effusions had pleural ADA-2 activities of 

40 U·L-1 or more.  
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The sensitivities of total ADA activity and ADA-2  for tuberculosis were 100% and 

100% respectively; their specificities 91 % and 92% respectively. 

They have concluded that high ADA activity in tuberculous effusions is due mainly 

to an increase in ADA-2 activity, and is therefore probably produced by 

monocytes/macrophages. 

 

 

 

Serum LDH in malignancy: 

Serum Lactate Dehydrogenase is a cellular enzyme composed of four subunits 

(tetramer). There are five isoforms which are enzymatically similar but has 

different tissue distribution. Many studies have shown serum LDH as a prognostic 

marker for cancer and cancer therapeutics. 
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Malhotra P, Sidu LS, Singh SP et al 7: 

This is a paper published in 1986 in Neoplasma journal. The correlation between 

serum LDH and malignancy is studied. It is used to test the hypothesis that Serum 

LDH enzyme activity is increased in cancer. They had taken total of  

205 – Normal persons – 105.50 U/L 

201 – Various malignancies – 314.56 U/L 

202 – Non malignant conditions – 105.87 U/L 

They have also done follow up LDH level in persons with breast cancer and to 

look for fall in Serum LDH levels. It showed decrease in LDH levels in almost all 

the cases. The limitation of this study is that it did not consider the various stages 

of malignancy. The study lacks precision and requires further substantiation for the 

same.  

 

Serum LDH in NSCLC: 

Dong Soo Lee et al:6 

This is the study done in South Korea between 2007 to 2013. The aim is to study 

the clinical correlation of serum LDH to the characteristics of the tumour and 

study its prognostic indications. 

Total no. of patients – 394 

Cut off for abnormal serum LDH – 450 U/L 

No of people with abnormal LDH – 224  

They had concluded that serum LDH at presentation may be significantly 

correlated to the whole body metastatic extent. 
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This study did not include the LDH isotypes. The study included only stage IV 

NSCLC. SCLC and other lung cancers are not included in the study.  

Serum LDH in SCLC: 

Xiuxiu Zhang et al:14 

As discussed, earlier serum LDH is proven as a prognostic and pro tumour factor 

in patients in lung cancer. This study is undertaken to study the same in small cell 

lung cancer patients. This is a metanalysis. They have searched databases from 

PubMed, EMBASE, Cochrane Library, Web of Science from inception to October 

2014.  Studies – 28 

Patients - 4785 SCLC were deemed eligible. 
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Elevated LDH levels are associated with increased risk of overall survival in 

Small cell lung cancer.  Hazards Ratio is 1.45 with 95%CI 91.27–1.66). this is 

consistent with the results of most included studies. For different stages of SCLC, 

the combined HR for Extensive Disease (1.62) was slightly higher than that for 

Limited Disease (1.49), which suggested that serum LDH levels might be a stronger 

association with outcomes for ED-SCLC. 

 

 

Cheng Chen et al:15 

This study is done in Department of Respiratory, Soochow University, China. The 

study is performed in 120 cases of Small cell lung cancer confirmed by pathological 

examination. Treatment response to chemotherapy was evaluated using response 
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evaluation criteria in solid tumours criteria. The serum LDH levels are noted at 

diagnosis and follow‑up visits. The optimal prognostic “LDH increase cut‑off 

value” for predicting the progression is 51.5 U/L. At this cut‑off levels the sensitivity 

is 75.5% and specificity is 90.2%. The area under the ROC curves of the “LDH 

increase cut‑off” was 0.91. 

 

 

 

Increasing LDH on survival was elevated by Kaplan–Meier survival curves. 

Survival is determined in patients with initial lactate dehydrogenase <250 U/L and 

>250 U/L. The differences were found to be significant (P < 0.05) 
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Bierman et al:25 

This is an observational study in US and published in American Association for 

Cancer Research. They have studied the serum LDH activity of 615 patients. The 

normal adult range of LDH activity lies between 0.060 and 0.110 Δ optical density.  

 

 Leukemia - 84 of 91 patients had elevated LDH values of 0.115 or above.  

 Cancer and lymphomas - 144 of 206 patients had LDH values of 0.115 or above.  

 

Although the serum LDH activity is not a indicator of the presence or absence of a 

malignant process, its increased serum levels in patients with the leukemias and in 

normal children suggests a relationship between LDH activity and growth. 

 The LDH activity in the serum closely paralleled the clinical status of  the cancer 

patients.  

 

 

 

 

Pleural fluid lymphocyte count: 

Rashmi Kushwaha et al:16 

This is an Indian study done in Safdarjung hospital, Delhi, in the department of 

pathology. Both non-malignant and malignant causes of effusion can be identified by 

the relatively non-invasive technique of pleural fluid cytology. 
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 Total number of samples: 100 

 Exudative: 82  

 Transudative: 18 

 Tuberculous effusion: 32  

 Malignant effusion: 14 

Approximately 96.88% of tuberculous effusion had lymphocyte count greater than 

50%.  Similar type of increased lymphocyte count is also present in malignant and 

para malignant effusions with slight decrease in the total lymphocyte count when 

compared to tuberculous effusions.  

This study concludes that the most useful test in establishing the diagnosis of pleural 

effusion is pleural fluid cytology and pleural fluid cell count.  

 

Diagnostic significance of lymphocytes in pleural effusion: 

Lung T Yam et al:17  

This study is done in Boston in 1966. It is one of the very well documented and well-

established study on the significance of lymphocytes in the pleural fluid. Lymphocytes 

in the pleural fluid is a marker of active inflammation. The levels aid n the diagnosis 

of various conditions. This study has included a total of 220 effusions and compared 

the lymphocyte count in percentage in various conditions.  
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We can see that the lymphocyte percentage in tuberculous effusions being the highest, 

around more than 80 %.  Whereas in malignant effusion, though the lymphocyte 

percentage is more than 50 %, majority lie between 50 – 80 %. Thus, giving a clue to 

the diagnosis.   

 

For malignant pleura effusion there is no reliable biochemical marker. Some of the 

studies have shown low levels of ADA in most of the malignant effusions.4,5 Since 

there is no biochemical explanation for this, low ADA levels cannot be directly used 

for identifying malignant effusions. Low levels of ADA can also be found in other 

conditions like elderly age, immunodeficiency disorders, connective tissue disorders.5 
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MPE can be diagnosed with pleural fluid cytology. The yield of pleural fluid cytology 

is variable and procedures like thoracoscopy biopsy may be delayed in a cytology 

negative malignant effusion. 

Serum lactate dehydrogenase is a cellular enzyme composed of four subunits. There 

are 5 isoforms which are enzymatically similar but has different tissue distribution. 

Many studies have shown SerumLDH as a prognostic marker for cancer and cancer 

therapeutics. 6,7 

Recently Verma et al 2,3 has come up with a new biochemial marker making use of 

serum LDH and Pleural fluid ADA. They have used the term Cancer ratio for Serum 

LDH: Pleural fluid ADA 

 

 

Cancer Ratio:  

Cancer ratio is the term used to denote the ratio for Serum LDH divided  by the 

pleural fluid ADA. These two parameters are combined because, Serum LDH is 

increased in malignant conditions while Pleural fluid ADA remains low in 

malignancy. This combined biochemical maker gives better correlation with 

malignancy.  
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Akash Verma et al:2  

This study is done in 2014 in Singapore. It is a retrospective study of patients 

hospitalised with exudative effusion in 2013. They have compared and analysed the 

pleural fluid parameters in various conditions. Among the exudative the most common 

are Tuberculosis, malignancy and para pneumonic.  

In this they have found out that Serum LDH is positively correlated with malignancy 

while Pleural fluid ADA is negatively correlated. They have combined these two 

parameters and used it as CANCER RATIO.  

At a cut off level of 20, the sensitivity and specificity of this ratio in identifying 

malignant effusion is 0.98 and 0.94 respectively.   

 

Piotr Korczynski et al:5  

This study is done in department of internal medicine, Poland in 2018. This is a 

retrospective analysis of data from 140 patients with malignant (n = 74), 

tuberculous (n = 37), and parapneumonic (n = 29) effusions. They have found 3 

ratios showed the largest area under the curve (AUC): 

• serum LDH to pleural fluid soluble Fas ligand 

• age to pleural fluid adenosine deaminase (ADA) 

• serum LDH to pleural fluid interleukin 18 

     Cancer Ratio showed a sensitivity of 94.6% and a specificity of 68.2%, where the  

specificity is much lower that other similar studies.  
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Ibrahim I. Elmahalawy et al20:  

This is an observational study published in the Egyptian journal of chest diseases. 

They had taken only exudative effusion into account. They have aimed to study the 

role of cancer ratio and CEA in diagnosis of pleural effusion.  

 Total sample size: 60 

 Group 1: Malignant effusion: 20 

 Group 2: Tuberculous effusion: 20 

 Group 3: Parapneumonic effusion: 20  

The mean value of cancer ratio in these three groups were 59.3 U/L, 5.7 U/L and 10.3 

U/L respectively. From this study, it is shown that the Cancer ratio is lowest in the 

malignant group compared to the other three groups.  

This study shows cancer ratio has sensitivity and specificity of 100% and 87% 

respectively, at a cut off of 50.1 

 

Zhang et al23: 

This is a clinical laboratory study done for evaluation of cancer ratio and CEA ratio 

for diagnosing malignant effusion.  

Total no. - 987 pleural effusion specimens 

Malignant - 318 pleural effusion 
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Tubercular - 374 pleural effusion 

Parapneumonic – 295 effusion specimens 

 

They had found that the values of  area under the ROC curve (AUC) of  serum 

LDH/pleural ADA (cut off=4.9, 10.6) were significantly higher than other markers for 

the diagnosis of MPE.   

 

Cancer ratio Plus: 

Cancer ratio plus is the term used to denote the ratio of Cancer ratio divided by pleural 

lymphocyte count. As stated study, the study by Lung T Yam et al shows that, though 

both tuberculous and malignant effusion have higher lymphocyte counts, the 

lymphocyte percentage is more in tuberculous effusions than malignant effusions. 
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Akash Verma et al:3 

This study done by Akash Verma et al is a prospective study which is done to support 

his previous study on cancer ratio. In this study he has compared both cancer ratio and 

cancerratio plus. This study shows that when pleural lymphocyte percentage is taken 

into account, the specificity of identifying malignant effusion increases.  

 

 

 

 

 

 

 

At a cut off level of 30 cancerratio plus has sensitivity and specificity of 97.6 and 94.1 

respectively. 

 

 

 

 

 



42 
 

 

 

 

MATERIALS 

AND 

METHODS 
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Type of study: Prospective observational study. 

Study population: 

Inpatients with exudative pleural effusion in Department of respiratory 

medicine Stanley Medical College and Govt Hospital of Thoracic Medicine, 

Tambaram Sanatorium. 

Sample size: 102 

Study duration: 2 year 

Inclusion criteria:  

All INPATIENTS with exudative pleural effusion 

Exclusion criteria:   

Transudative effusion 

Neutrophilic effusion 

Pyothorax  

Hemothorax 

 

ETHICAL COMSIDERATIONS: 

Study was approved by institutional ethical committee. Informed written 

consent from the study participants obtained. Confidentiality of the study 

participants maintained. 
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DATA COLLECTION TOOLS: 

All the study details are entered in a structured study proforma. 

 

METHODOLOGY: 

➢ People attending OPD with symptoms of pleural effusion are 

evaluated clinically.  

➢ Those diagnosed with pleural effusion are admitted in the respiratory 

medicine ward. 

➢ Thorough clinical examination done.  

➢ Routine blood investigations like CBC, RFT, LFT, blood sugar, 

LDH are sent. 

➢ Initial chest radiograph taken to confirm the diagnosis.  

➢ Diagnostic thoracentesis under ultrasound guidance is done and 

pleural fluid is sent for  

▪ biochemical analysis (protein, sugar, albumin, LDH) 

▪ cytology  

▪ cell count 

▪ CBNAAT (when tuberculosis is suspected) 

▪ Microbiology (gram stain, culture, AFB smear) 

➢ The values of cancer ratio (Sr LDH: Pl ADA) and cancer ratio plus 

(cancer ratio: Pl lymphocyte count) are calculated. 
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➢ Patients satisfying the inclusion criteria are enrolled into the study.  

➢ Informed consent obtained by explaining the nature and usefulness of 

the study. 

➢ Patients are further evaluated with CT chest, bronchoscopy, closed 

pleural biopsy, ICD insertion, therapeutic thoracentesis, ultrasound 

abdomen, medical thoracoscopy and pleural biopsy based on hr 

individual patient progress till the final diagnosis is attained. 

➢ The diagnosis of malignancy is confirmed by one of the following 

methods: 

▪ Pleural fluid cytology for malignant cells 

▪ Closed pleural biopsy 

▪ Bronchoscopic confirmation of malignant mass 

▪ Thoracoscopic confirmation of malignancy 

▪ Known case of malignancy presenting with recurrent pleural 

effusion. 

➢ The values of cancer ratio and cancer ratio plus which are calculated on 

the first day of admission are correlated to the final diagnosis of the 

patients. 
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PATIENT EVALUATION FORM: 

 

NAME:      AGE/SEX:  

IP/OP NO: 

 

 

Chief complaints: 

Prior h/o ATT 

Family history of malignancy 

Exposure to irradiation 

Occupation: 

Smoking history:  

Biomass exposure: 

Marital history: 

Vitals:     Pulse rate: 

Respiratory rate: 

Blood pressure: 

Modified Medical Council grades (mMRC): 
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Blood investigations:   

CBC 

RFT: 

Sr.LDH: 

Sr.Protein: 

Chest xray: 

Pleural fluid analysis: 

Protein: 

Glucose: 

ADA: 

LDH: 

Cytology: 

Culture and sensitivity: 

Lymphocyte count: 

Sr LDH: Pleural fluid ADA 

Cancer ratio: Lymphocyte count 
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Fig 2: Chest radiograph showing left sided pleural effusion 

 

 

 

 

 

 

 

 

 

   Fig 3: chest radiograph showing right sided massive pleural effusin 
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Fig 4: ultrasonogram of pleural effusion  
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Fig 5 : Diagnostic thoracocentesis under sterile aseptic precaution:  
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Fig 6 : Diagnostic thoracocentesis under sterile aseptic precaution:  
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 Fig 7: Thoracoscopic view of pleural abnormalities: 
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        Fig 8: Bronchoscopic view of malignant growth in the right main bronchus:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



54 
 

               CT CHEST OF PLEURAL MASS WITH EFFUSION 
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OBSERVATION 

AND  

RESULTS 
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Statistical analysis: 

 

Data was entered in Microsoft Excel spreadsheet. Statistical analysis was performed 

using SPSS (version 18.0). Categorical variables were summarised as frequencies 

and percentage.  Continuous variables were presented as mean and standard 

deviation or median and inter quartile range based on the normality of data. 

Normality was assessed using Kolmogorov-Smirnov test.  Pleural and serum 

markers/parameters between the malignancy and tuberculosis groups were 

compared using independent t test or Mann Whitney test after assessing the 

symmetry of data distribution. Receiver operating characteristic (ROC) curves are 

constructed to calculate area under the curve (AUC) and 95% confidence intervals 

for AUC were calculated. Sensitivity, specificity and predictive values were 

calculated based on the cut offs derived from ROC. A p value less than 0.05 was 

considered for statistical significance during hypothesis testing. 
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Age distribution:  

 

The study included total of 102 individuals. The number of individuals in each age 

group is depicted below in the table. Mean age was 47.5 years (SD-20 years). 

Minimum age was 17 years and maximum age was 84 years. We can observe that 

the most of the patients are either 15 to 30 years of age or above 60 years.  Though 

the incidence of malignancy in less than 30 years of age is less, the possibility of 

tumour in such age groups like PNET, Lymphoma has to considered. 

 

Table-4. Age distribution  

 

 

Age groups Number Percentage 

15-29 30 29.4 

30-44 18 17.7 

45-59 19 18.6 

60 and above 35 34.3 

Total 102 100 
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Fig 9: Bar diagram representing age distribution in the study population 
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GENDER DISTRIBUTION:  

The gender distribution in this study is almost equal. There were 52 male and 50 

female participants.  

 

Table-5  Gender distribution 

Gender Number Percentage 

Male 52 51.0 

Female 50 49.0 

Total 102 100 

 

   Fig 10: Pie chart representing gender distribution in the study population: 
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DIAGNOSIS  

Out 102 patients 34(33.3%) are diagnosed as malignant pleural effusion. Rest 68 

patients were non malignant . Of which 64(62.8%) had tuberculous effusion, one 

had pancreatic pleuraL fistula , one had rheumatoid arthritis, 2 had hepatic 

hydrothorax. 

 

Table-5 Diagnosis 

Diagnosis Number Percentage 

Malignancy 34 33.3 

Tuberculosis 64 62.8 

Other 

infections 

4 3.9 

Total 102 100 
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Fig 11: Bar diagram representing the final diagnosis in the study population 
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DESCRIPTION OF PLEURAL FLUID PARAMETERS: 

Table-7 Levels of pleural and serum parameters 

 

 

 

 

 

Parameter Statistic Malignancy 

(n=64) 

Tuberculosis 

& Others 

(n=38) 

P value 

Pleural 

ADA 

Mean 

(SD) 

13.1 (7.9) 50.0 (19.5) <0.001* 

Serum 

LDH 

Mean 

(SD) 

516.5 

(276.0) 

331.6 

(105.9) 

<0.001* 

Pleural 

lymphocyte 

count 

Mean 

(SD) 

0.73 (0.09) 0.86 (0.18) <0.001* 

Cancer 

ratio 

Mean 

(SD) 

45.2 (19.9) 8.1 (4.9) <0.001* 

Cancer 

ratio plus 

Mean 

(SD) 

62.4 (29.6) 11.8 (13.4) <0.001* 



63 
 

Pleural protein 

The mean value of pleural fluid protein is malignant effusion is 4.9 g/dl with a  SD 

of 0.7. whereas for non malignant the mean pleural fluid protein is 4.5g/dl. The p 

value is 0.010 and it is considered significant. 

 

 

Fig 12: Box plot showing distribution of pleural fluid levels 
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Pleural sugar 

The mean pleural fluid sugar for malignant effusion is 68.2 and for non malignant 

is  73.7 with a SD of 24 and 20 respectively . the p value is 0.240 and it doesnot 

hold signaificance.  

 

Fig 13: Box plot showing  Distribution of pleural fluid sugar 
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Pleural LDH: 

 

The median pleural fluid LDH in malignant and non malignant is 374 (268-709)  

and 394 (217->1000) respectively. The p value is 0.9 and it doesnot hold 

significance.  

 

 

Fig 14: Box plot showing levels of pleural fluid LDH 
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Pleural ADA: 

The mean pleural fluid ADA levels in this study are 13.1 (7.9) for malignant 

effusion and 50.0 (19.5) for non malignant mainly tuberculous effusion. The p 

value is 0.001 and it is considered significant. 

 

 

Fig 15: Box plot showing levels of pleural fluid ADA 

 

 

 

 

 

 

0
2

0
4

0
6

0
8

0
1

0
0

P
lu

e
ra

l 
A

D
A

Tuberculosis Malignancy



67 
 

Serum LDH: 

 

The mean levels of serum LDH in this study for malignant effusion is 516.5 

(276.0) and for non-malignant it is 331.6 (105.9). the p value is0.001 and it is 

considered significant. 

 

 

Fig 16: Box plot showing Distribution of serum LDH  
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Pleural fluid lymphocyte count: 

Pleural fluid lymphocyte count is expressed as percentage. The mean value of 

lymphocyte count in malignancy is 0.73 and for non malignant group is 0.86. The 

p value is 0.001 and it is considered significant. 

Pleural lymphocyte count 

 

 

                  Fig 17: Box plot showing values of pleural fluid lymphocyte count 
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Cancer ratio: 

Cancer ratio is calculated by Serum LDH divided by Pleural fluid ADA. The mean 

cancer ratio in malignant pleural effusion is 45.2 and the mean value in 

Tuberculosis and others is 8.1. 

 

                   Fig 18: Box plot of mean values of cancer ratio 
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Table 8: Cut off for cancer ratio 

 

 

Cut off Sensitivity 

(95%CI) 

Specificity 

(95%CI) 

PPV 

(95%CI) 

NPV 

(95%CI) 

PLR 

(95%CI) 

NLR 

(95%CI) 

>10 94.1 (80.3-

99.3) 

76.5 (64.6-

85.9) 

66.7 (51.6-

79.6) 

96.3 (87.3-

99.5) 

4 (2.6-

6.2) 

0.08 (0.02-0.3) 

>20 94.1 (80.3-

99.3 

95.6 (87.6-

99.1) 

91.4 (76.9-

98.2) 

97.0 (89.6-

99.6) 

21 (7-64) 0.06 (0.02-0.2) 

>30 79.4 (62.1-

91.3) 

100 (95-

100) 

100 (87-

100) 

90.7 (81.7-

96.2) 

- 0.2 (0.11-0.40) 

>40 70.6 (52.5-

84.9) 

100 (95-

100) 

100 (86-

100) 

87.2 (77.7-

93.7) 

- 0.3 (0.17-0.5) 

>50 41.2 (24.6-

59.3) 

100 (95-

100) 

100 (77-

100) 

77.3 (67.1-

85.5) 

- 0.6 (0.4-0.8) 

>60 11.8 (3.3-

27.5) 

100 (95-

100) 

100 (40-

100) 

69.4 (59.3-

78.3) 

- 0.9 (0.8-1.0) 

 

 

 

Sensitivity, specificity and predictive values were calculated based on the cut offs 

derived from ROC. We can observe that at the cut off of more than 20 the 

sensitivity is 91.4 and specificity is 97 %. 
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 Table-9.  Sensitivity, specificity and predictive values of Cancer ratio in 

diagnosis of malignancy 

Cut off value: ≥21.8 

Parameter Value 95% CI 

Sensitivity 94.1% 89.6%-98.7% 

Specificity 98.5% 96.2%-100% 

PPV 97.0% 93.6%-100% 

NPV 97.1% 93.9%-100% 

LR+ 64 - 

LR- 0.0597 - 

      

         Fig 19: Area under the curve (AUC): 0.967 (95%CI 0.924-1.00) 
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Cancer ratio plus: 

 

Cancer ratio plus is calculated by Cancer Ratio divided by Pleural fluid 

lymphocyte count. The mean cancer ratio plus in malignant pleural effusion is 62.4 

(29.6) and tuberculosis is 11.8 (13.4). 

               

                     Fig 20: Box plot of mean values of cancer ratio plus 
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Table-10. Sensitivity, specificity and predictive values of Cancer ratio plus in 

diagnosis of malignancy 

Cut off value: ≥30.18 

Parameter Value 95% CI 

Sensitivity 94.1% 89.6%-98.7% 

Specificity 95.6% 91.6%-99.6% 

PPV 91.4% 86.0%-96.9% 

NPV 97.0% 93.7%-100% 

LR+ 21.3 - 

LR- 0.062 - 

                  

 

Fig 21: Area under the curve (AUC): 0.952 (95%CI 0.908-0.995)  
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Sensitivity, specificity and predictive values were calculated based on the cut offs 

derived from ROC. We can observe that at the cut off of more than 30 the 

sensitivity is 91.4 and specificity is 97 %. 

 

                                  

 Table 11:  Cut off for cancer ratio plus 

 

Cut 

off 

Sensitivity 

(95%CI) 

Specificity 

(95%CI) 

PPV 

(95%CI) 

NPV 

(95%CI) 

PLR 

(95%CI) 

NLR 

(95%CI) 

>20 94.1 (80.3-

99.3) 

91.2 (80.3-

99.3) 

84.3 (68.7-

94.0) 

96.9 (89.2-

99.6) 

10.7 (5-

23) 

0.06 (0.02-

0.3) 

>30 94.1 (80.3-

99.3) 

95.6 (87.6-

99.1) 

91.4 (76.9-

98.2) 

97 (89.6-

99.6) 

21 (7-65) 0.06 (0.02-

0.2) 

>40 76.5 (58.8-

89.3) 

95.6 (87.6-

99.1) 

89.7 (72.6-

97.8) 

89 (79.5-

95.1) 

17 (6-53) 0.3 (0.1-

0.5) 

>50 70.6 (52.5-

84.9) 

95.6 (87.6-

99.1) 

88.9 (70.8-

97.6) 

86.7 (76.8-

93.4) 

16 (5-49) 0.3 (0.2-

0.5) 

>60 52.9 (35.1-

70.2) 

95.6 (87.6-

99.1) 

85.7 (63.7-

97) 

80.2 (69.9-

88.3) 

12 (4-38) 0.5 (0.3-

0.7) 
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                DISCUSSION 
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Discussion: 

Pleural effusions, as such has wide range of differential diagnosis to be offered. 

Differentiating transudative from exudative is the first step and this narrows 

down the diagnostic possibilities. Exudative effusions are most commonly 

caused by inflammation of the pleura. The most common cause is the 

infectious origin, followed by malignancy.  

However, the diagnosis of malignant effusion takes considerable amount of 

time. This reduces the quality lifespan of the people. There no reliable 

biomarker to identify malignant effusion.  

Hence the new parameters, cancer ratio and cancer ratio plus are evaluated in 

identifying MPE. 

 

Age distribution: In this study the mean age at presentation is 47.5 years. 

Minimum being 17 and maximum of 84 years. Though malignancy is more 

common in the elderly, the possibility of malignancy like lymphomas, PNET 

etc in younger age group must be carefully ruled out. This is in accordance 

with the study done by Ashmita et al9, in which they had studied the exudative 

effusions9. In the study by Akash Verma et al3 the mean age for tuberculous 

effusion is 69 and for MPE is 56.  
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Gender: In this study the male is 51% and female is 49%.  This correlates with 

the study done by Piotr et al5, where the men are 54.3% and women 45.7% . 

Initially lung cancer and associated malignant effusions were more common in 

men, owing to smoking habits and industrialisation. Recently there is a change 

in the trend where men and women are affected equally, may be because of the 

change in the lifestyle, habits and indoor air pollution.  

 

Diagnosis: In this study, out of 102 patients 34(33.3%) had malignant effusion, 

64 (62.8%) had tuberculous effusion. Of these 34 MPE, one was metastatic 

melanoma, one was secondaries from RCC, one from osteosarcoma 

secondaries, 3 from small cell lung cancer, 9 cases of squamous cell carcinoma, 

and 19 cases of metastatic adenocarcinoma.  

 

Pleural fluid: In this study the mean pleural fluid protein in malignant effusion 

is 4.9 mg/dl and non malignant is 4.5 mg/dl with a SD of 0.7. The p value is 

0.010 and it is significant. This level correlates with the pleural fluid levels in 

the study by Verma et al2  and also by Piotzr et al5. In all these studies, the 

malignant effusions have slightly higher pleural fluid protein values. It may be 

due the increased vascular permeability and the active pleural inflammation.  

 

Pleural LDH: In this study pleural fluid LDH does not hold statistical 

significance, since the p value is 0.27. however the median values of LDH in 



78 
 

malignant effusion is 374 U/L ( 268 – 709) and  in non malignant it is 394 U/L 

( 217- >1000). In this study, the values of TPE is more than MPE. In the study 

by Piotzr5 , the pleural fluid LDH had statistical significance of 0.01 and the 

values of TPE was higher than of MPE.  

 

Pleural fluid ADA: In this study the mean pleural ADA levels are 13.1 U/L in 

MPE with a SD of 7.9, and in TPE it is 50 U/L (SD 19.5). this is statistically 

significant with a p value of <0.001. this levels correlates with the ADA levels 

of other studies done by Ashmita A Mehta9,,Jiminez Castro4 , Akash Verma2,3 

and Piotzr5. Only tuberculous pleural effusions meet the cut off level of 40 

U/L. malignant effusions rarely reach this limit.  

 

Serum LDH: in this study the mean serum LDH in malignancy is 516 U/L and 

that of other exudative effusions are 331U/L. the p value is <0.001 and its 

statistically significant. This correlates with the values in the study done by 

Akash Verma 3. In the study by Dong Soo Lee, they have divided two groups 

with the cut off  LDH at 450 U/L. most of the malignancy fall under the group 

with LDH > 450U/L.  

 

Pleural fluid lymphocyte count: In this study the mean lymphocyte count is 

0.73 for MPE and 0.86 for TPE. The p value is <0.001 and it is statistically 

significant. These levels correlate well with the values of Rashmi Khushwana12, 



79 
 

Lung T Yam 17 and Burgess et al 12. We can observe that, though both MPE and 

TPE are exudative lymphocytic effusion, the lymphocyte percentage varies. In 

TPE most of the samples were above 0.75%, whereas in MPE it is between 0.5 

to 0.8 %.  

 

Cancer Ratio: In this study the mean value of cancer ratio is 45.2 for MPE and 

8.1 for non malignant with a p value of <0.001. in the study by Akash Verma et 

al2,3 it is 65 and 11.5 respectively. In this study the sensitivity and specificity 

are 94.1 and 98 % respectively. In a similar study by Verma, the sensitivity, 

specificity of 0.98 and 0.94 respectively.  

 

Cancer ratio plus: In this study the mean value of cancer ratio plus is 62.4 for 

MPE and 11.8 for non malignant with a p value of <0.001. in the study by 

Akash Verma et al3 it is 127 and 16 respectively. In this study the sensitivity 

and specificity are 94.1 and 95.6 % respectively. In a similar study by Verma, 

the sensitivity, specificity of 0.97.6 and 0.94.1 respectively. 
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CONCLUSION 
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This study on cancer ratio and cancer ratio plus is mainly undertaken to find a 

fastest and reliable marker to identify the malignant pleural effusion. metastatic 

malignant effusion itself is a advanced stage. Further the delay in diagnosis, 

only adds on to the morbidity for the patient. Cancer ratio and cancer ratio plus 

being simple, cost effective and easily available biochemical markers may help 

in the early triage of people with exudative lymphocytic but inconclusive 

pleural effusion.  
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  LIMITATIONS 
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➢ This is a singe centre observational study.  

➢ Though all malignant cases are histologically confirmed, the prognosis 

remained grave and there was difficulty in the follow up of the patients. 

➢ People from the non malignant group rarely turned to follow up visits 

➢ Lymphocyte count in pleural fluid remains to be challenge, because the cells 

easily undergo degeneration and may pose diagnostic difficulty.  

➢ Long standing Haemorrhagic effusions gives false high values of Pleural LDH 

 

 

 

 



84 
 

 

 

 

BIBLIOGRAPHY  



85 
 

1. Light RW. Pleural diseases. Lippincott Williams & Wilkins; 2007 

2. Verma A, Abisheganaden J, Light RW. Identifying malignant pleural 

effusion by a cancer ratio (serum LDH: pleural fluid ADA ratio). Lung. 

2016 Feb 1;194(1):147-53.. 

3. Verma A, Dagaonkar RS, Marshall D, Abisheganaden J, Light RW. 

Differentiating malignant from tubercular pleural effusion by cancer 

ratio plus (cancer ratio: pleural lymphocyte count). Canadian respiratory 

journal. 2016;2016. 

4. Castro DJ, Nuevo GD, Perez-Rodriguez E, Light RW. Diagnostic value 

of adenosine deaminase in nontuberculous lymphocytic pleural 

effusions. European Respiratory Journal. 2003 Feb 1;21(2):220-4. 

5.   Korczyński P, Mierzejewski M, Krenke R, Safianowska A, Light RW. 

Cancer ratio and other new parameters for differentiation between 

malignant and nonmalignant pleural effusions. Polish archives of 

internal medicine. 2018 Jun;128(6):354-61. 

6. Lee DS, Park KR, Kim SJ, Chung MJ, Lee YH, Chang JH, Kang JH, 

Hong SH, Kim MS, Kim YS. Serum lactate dehydrogenase levels at 

presentation in stage IV non-small cell lung cancer: predictive value of 

metastases and relation to survival outcomes. Tumor Biology. 2016 Jan 

1;37(1):619-25. 

7. Tas F, Aydiner A, Demir C, Topuz E. Serum lactate dehydrogenase 

levels at presentation predict outcome of patients with limited-stage 



86 
 

small-cell lung cancer. American journal of clinical oncology. 2001 Aug 

1;24(4):376-8. 

8. Grippi MA, Elias JA, Fishman J, Kotloff RM, Pack AI, Senior RM, 

Siegel MD, editors. Fishman's pulmonary diseases and disorders. 

McGraw-Hill Education; 2015. 

9. Mehta AA, Gupta AS, Ahmed S, Rajesh V. Diagnostic utility of 

adenosine deaminase in exudative pleural effusions. Lung India: official 

organ of Indian Chest Society. 2014 Apr;31(2):142. 

10. Psallidas I, Kalomenidis I, Porcel JM, Robinson BW, Stathopoulos GT. 

Malignant pleural effusion: from bench to bedside. European 

Respiratory Review. 2016 Jun 1;25(140):189-98. 

11. Stoller JK. Murray & Nadel’s Textbook of Respiratory Medicine. 

Annals of the American Thoracic Society. 2015 Aug;12(8):1257-8. 

12. Burgess LJ, Maritz FJ, Le Roux I, Taljaard JF. Combined use of pleural 

adenosine deaminase with lymphocyte/neutrophil ratio: increased 

specificity for the diagnosis of tuberculous pleuritis. Chest. 1996 Feb 

1;109(2):414-9. 

13. Helmy NA, Eissa SA, Masoud HH, Elessawy AF, Ahmed RI. 

Diagnostic value of adenosine deaminase in tuberculous and malignant 

pleural effusion. Egyptian Journal of Chest Diseases and Tuberculosis. 

2012 Oct 1;61(4):413-7. 

14. Zhang X, Guo M, Fan J, Lv Z, Huang Q, Han J, Wu F, Hu G, Xu J, Jin 

Y. Prognostic significance of serum LDH in small cell lung cancer: A 



87 
 

systematic review with meta-analysis. Cancer Biomarkers. 2016 Jan 

1;16(3):415-23. 

15. Chen C, Zhu YH, Huang JA. Clinical evaluation of potential usefulness 

of serum lactate dehydrogenase level in follow-up of small cell lung 

cancer. Journal of cancer research and therapeutics. 2018 Jun 

1;14(9):336. 

16. Kushwaha R, Shashikala P, Hiremath S, Basavaraj HG. Cells in pleural 

fluid and their value in differential diagnosis. Journal of cytology. 2008 

Oct 1;25(4):138. 

17.  Yam LT. Diagnostic significance of lymphocytes in pleural effusions. 

Annals of internal medicine. 1967 May 1;66(5):972-82. 

18. Light RW, Erozan YS, Ball WC. Cells in pleural fluid: their value in 

differential diagnosis. Archives of internal medicine. 1973 Dec 

1;132(6):854-60. 

19. Goto M, Noguchi Y, Koyama H, Hira K, Shimbo T, Fukui T. Diagnostic 

value of adenosine deaminase in tuberculous pleural effusion: a meta-

analysis. Annals of clinical biochemistry. 2003 Jul 1;40(4):374-81. 

20. Elmahalawy II, Abdelaal GA, Alhanafy AM, Montaser BA. Role of 

cancer ratio and carcinogenic embryonic antigen ratio in diagnosis of 

pleural effusion. 

21. Alhanafy AM, Abdelaal G, Elmahlawy I, Montaser B. 541P Role of 

cancer ratio and carcinogenic embryonic antigen ratio in diagnosis of 



88 
 

pleural effusion. Annals of Oncology. 2017 Nov 

1;28(suppl_10):mdx677-005. 

22. Mandovra N, Vaidya PJ, Chhajed PN. Current approaches to 

tuberculous pleural effusion. Astrocyte. 2017 Apr 1;4(2):87. 

23. Zhang F, Hu L, Wang J, Chen J, Chen J, Wang Y. Clinical value of 

jointly detection serum lactate dehydrogenase/pleural fluid adenosine 

deaminase and pleural fluid carcinoembryonic antigen in the 

identification of malignant pleural effusion. Journal of clinical 

laboratory analysis. 2017 Sep;31(5):e22106. 

24. Lott JA, Nemensanszky E. 1987. Lactate dehydrogenase. Clinical 

Enzymology, a Case oriented Approach. 1987:213-44. 

25. Valdes L, San Jose E, Alvarez D, Valle JM. Adenosine deaminase 

(ADA) isoenzyme analysis in pleural effusions: diagnostic role, and 

relevance to the origin of increased ADA in tuberculous pleurisy. 

European Respiratory Journal. 1996 Apr 1;9(4):747-51. 

26. Bierman HR, Hill BR, Reinhardt L, Emory E. Correlation of serum 

lactic dehydrogenase activity with the clinical status of patients with 

cancer, lymphomas, and the leukemias. Cancer research. 1957 Aug 

1;17(7):660-7. 

27. Warburg OH, Dickens F. Metabolism of tumours. 

28. American Thoracic Society. Management of malignant pleural 

effusions. Am J Respir Crit Care Med. 2000;162:1987-2001. 

29. W. M. Alberts, ACCP Pulmonary Medicine Board Review,  



89 
 

 

 

 

 

 

   ANNEXURES 

 

 



90 
 

ABBREVIATIONS: 

 

TB – Tuberculosis 

MPE – Malignant Pleural Effusion 

TPE – Tuberculous Pleural Effusion 

ADA – Adenosine De Aminase 

LDH – Lactate Dehydrogenase 

CR – Cancer Ratio 

CEA – Cancer Embryonic Antigen  

VEGF – Vascular Endothelial Growth Factor  

LN – Lymphocyte Neutrophil 

NSCLC – Non Small Cell Lung cancer 

SCLC – Small Cell Lung Cancer 

OPD – Out Patient Department 

ATT – Anti Tubercular Treatment 

CBC – Complete Blood Count 

RFT – Renal Function test 

LFT – Liver Function Test 

SD – Standard Deviation 
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                 PATIENT INFORMATION SHEET 

 

TITLE OF THE STUDY: “EVALUATION OF CANCER RATIO AND 

CANCER RATIO PLUS IN IDENTIFYING MALIGNANT PLEURAL 

EFFUSION FROM OTHER EXUDATIVE EFFUSIONS – A PROSPECTIVE 

STUDY” 

 We are conducting a study among patients attending Department of 

Pulmonary Medicine, Stanley Medical College and Govt Hospital of Thoracic 

Medicine, Tambaram. The purpose of this study is to analyze the use of simple 

readily available lab investigations to differentiate malignant effusion from other 

exudative pleural effusions. 

We are selecting patients with exudative pleural effusion.The cancer 

ratio( Serum LDH:Pleural fluid ADA) and cancer ratio plus ( cancer ratio:pleural 

fluid lymphocyte count) are calculated. Patients are prospectively followed. 

Routine blood investigations, chest radiograph and pleural fluid analysis is 

performed.  

The privacy of the patients in the research will be maintained throughout 

the study. In the event of any publication or presentation resulting from the 

research, no personally identifiable information will be shared. 

Taking part in this study is voluntary. You are free to decide whether to 

participate in this study or to withdraw at any time; your decision will not result 

in any loss of benefits to which you are otherwise entitled. 

The results of the study will be intimated to you at the end of the study to 

aid in the management or treatment. 
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STUDY DETAIL: “EVALUATION OF CANCER RATIO AND 

CANCER RATIO PLUS IN IDENTIFYING MALIGNANT PLEURAL 

EFFUSION FROM OTHER EXUDATIVE EFFUSIONS – A PROSPECTIVE 

STUDY” 

Study Centre: Dept of Respiratory medicine, Stanley Medical College and 

GHTM, Tambaram. 

Patient’s Name: 

Patient’s Age/sex: 

ID No: 

Patient may check (√) these boxes 

a) I confirm that I have understood the purpose of procedure for the above 

study. I have the opportunity to ask question and all my questions and doubts 

have been answered to my complete satisfaction    ❏                                                                                                                                                  

b) I understand that my participation in the study is voluntary and that I am free 

to withdraw at any time without giving reason, without my legal rights being 

affected.                                                        ❏                                                                                                

c) I understand that sponsor of the clinical study, others working on the sponsor’s 

behalf, the ethical committee and the regulatory authorities will not need my 

permission to look at my health records, both in respect of current study and any 

further research that may be conducted in relation to it, even if I withdraw from 

the study I agree to this access. However, I understand that my identity will not 

be revealed in any information released to third parties or published, unless as 

required under the law. I agree not to restrict the use of any data or results that 

arise from this study.                     ❏                                                  

d) I agree to take part in the above study and to comply with the instructions 

given during the study and faithfully cooperate with the study team and to 
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immediately inform the study staff if I suffer from any deterioration in my health 

or wellbeing or any unexpected or unusual symptoms.           ❏                        

e)I hereby consent to participate in this study.                                                                                           

❏ 

f) I hereby give permission to undergo detailed clinical examination, radiographs 

,blood investigation as required.                                                                                                            

❏ 

 

Signature/thumb impression    Signature of Investigator 

 

Patient’s Name and Address:    Study Investigator’s Name: 
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ஆராய்ச்சி தகவல் தாள்  
ஆராய்ச்சி தலைப்பு: 

ஒரு மூன்றாம் நிலை மருத்துவமலையில் ஒரு வருங்காைஆய்வின் 
மூைம் புற்றுநநாய் விகிதம் மற்றும் கூடுதல் புற்றுநநாய் விகிதம் ககாண்டு 
புற்றுபண்பு மற்றும் பிற புலைச்சவ்வு ஊறணிலய நவறுபடுத்துதல். 
. 

ஆராய்ச்சியாளர் கபயர் : மருத்துவர் ஹ.அனுகிரஹா 

பங்நகற்பாளர் கபயர் : 

ஆராய்ச்சியின் ந ாக்கம் :  

தாம்பரம் கநஞ்சக நநாய் மருத்துவமலைக்கும் அரசு ஸ்ைான்ைி மருத்துவமலை 
கநஞ்சக பிரிவுக்கும் வரும் புலைச்சவ்வு ஊறணி நநாயாளிகளுக்கு 
புற்றுநநாய் விகிதம் மற்றும் கூடுதல் புற்றுநநாய் விகிதம் ககாண்டு 
புற்றுபண்பு மற்றும் காசநநாய் புலைச்சவ்வு ஊறணிலய நவறுபடுத்துதல். 
. 

ஆய்வு முலை :  

புலைச்சவ்வு ஊறணி நநாயாளிகலள நதர்ந்கதடுத்து அவர்களுக்கு அடிப்பலை 
இரத்த பரிநசாதலை,புலைச்சவ்வு ஊறணி பரிநசாதலை மற்றும் பிற அடிப்பலை 
பரிநசாதலைகள் கசய்யப்படும். இதன் அடிப்பலையில் நநாயாளிகளுக்கு  தக்க 
மருத்துவம் அளிக்கப்படும்.  

நநாயாளிகளின் ரகசியத்தன்லம ஆய்வின் முழுவதும் பாதுகாக்கப்படும். ஆய்வில் 
பங்நகற்பது நநாயாளிகளின் கசாந்த விருப்பத்திற்கு உட்பட்ைது. ஆய்விைிலைநய 
நநாயாளிகள் கதாைர்ந்து பங்நகற்க விரும்பாவிட்ைால் அவர்கள் விைகிக் 
ககாள்ளைாம். இதைால் அவர்களுக்குண்ைாை எவ்வித  மருத்துவ மற்றும் பிற 
சலுலககளும் மறுக்கப்பை மாட்ைாது. ஆய்வின் மூைம் கண்ைறியும் முடிவுகள் 
நநாயாளிகளிைம் கதரிவிக்கப்படும். 

 

ஆராய்ச்சியாளர் லககயாப்பம்                                            பங்நகற்பாளர் லககயாப்பம்  

நததி 
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ஆராய்ச்சி ஒப்புதல் படிவம் 

ஆராய்ச்சி தலைப்பு: 

ஒரு மூன்றாம் நிலை மருத்துவமலையில் ஒரு வருங்காைஆய்வின் மூைம் புற்றுநநாய் 
விகிதம் மற்றும் கூடுதல் புற்றுநநாய் விகிதம் ககாண்டு புற்றுபண்பு மற்றும் பிற 
புலைச்சவ்வு ஊறணிலய நவறுபடுத்துதல். 

. 

ஆய்வு நிலையம்: தாம்பரம் கநஞ்சக மருத்துவமலை மற்றும் ஸ்ைான்ைி மருத்துவ கல்லூரி 

ஆராய்ச்சியாளர் கபயர் : மருத்துவர் ஹ.அனுகிரஹா 

பங்நகற்பாளர் கபயர் : 

பங்நகற்பாளர் எண் : 

நமநை குறிப்பிட்டுள்ள மருத்துவ ஆய்வின் விவரங்கள் எைக்கு விளக்கப்பட்ைது. 
என்னுலைய சந்நதகங்கலள நகட்கவும் , அதற்காை  தகுந்த விளக்கங்கலள கபறவும் 
வாய்ப்பளிக்கப்பட்ைது. 

நான் இவ்வாய்வில் தன்ைிச்லசயாகத்தான் பங்நகற்கிநறன். எந்த காரணத்திைாநைா எந்த 
கட்ைத்திலும் எந்த சட்ை சிக்கலுக்கும் உட்பைாமல் நான் இவ்வாய்வில் இருந்து விைகி  
ககாள்ளைாம் என்றும் அறிந்து ககாண்நைன்.  

இந்த ஆய்வு சம்மந்தமாகநவா  இலத சார்ந்த நமலும் ஆய்வு நமற்ககாள்ளும் நபாதும் 
இந்த ஆய்வில் பங்குகபறும் மருத்துவர் என்னுலைய மருத்துவ அறிக்லககலள பார்ப்பதற்கு 
என் அனுமதி நதலவயில்லை எை அறிந்து ககாள்கிநறன். நான் ஆய்வில் இருந்து விைகி 
ககாண்ைாலும் இது கபாருந்தும் எை அறிகிநறன். 

இந்த ஆய்வின் மூைம் கிலைக்கும் தகவல்கலளயும், பரிநசாதலை முடிவுகலளயும் மற்றும் 
சிகிச்லச கதாைர்பாை தகவல்கலளயும் மருத்துவர் நமற்ககாள்ளும் ஆய்வில் 
பயப்படுத்திக்ககாள்ளவும் அலத பிரசுரிக்கவும் என் முழுமைதுைன் சம்மதிக்கின்நறன் 

இந்த ஆய்வில் பங்கு ககாள்ள ஒப்புக்ககாள்கிநறன்.எைக்கு ககாடுக்கப்பட்ை 
அறிவுலரகளின்படி நைந்து ககாள்வதுைன் இந்த ஆய்லவ நமற்ககாள்ளும் மருத்துவ 
அணிக்கு உண்லமயுைன் இருப்நபன் என்று உறுதியளிக்கிநறன். 

 

 

ஆராய்ச்சியாளர் லககயாப்பம்                                            பங்நகற்பாளர் லககயாப்பம்  

நததி 
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    MASTER CHART 

 

                     

 

 

name age sex pl.protein pl.sug pl.ldh pl.ada sr.ldh diagnosis cancer ratio pl.lym countCR plus

akilandeshwari 54 f 4.6 42 365 9.4 533malignant 56.70212766 0.69 82.177

anjanadevi 54 f 4.6 42 365 9.4 533malignant 56.70212766 0.69 82.177

annapoorani 84 f 5.8 59 312 26 1388malignant 53.38461538 0.84 63.55311

arumugam 61 m 5.4 61 501 9.5 432malignant 45.47368421 0.78 58.2996

balaji 55 m 5.2 25 495 11.3 367malignant 32.47787611 0.63 51.55218

charles 71 m 4.2 113 332 6.9 302malignant 43.76811594 0.7 62.52588

elango 67 m 5.2 25 495 11.3 367malignant 32.47787611 0.63 51.55218

george 75 m 6.2 49 709 7.2 605malignant 84.02777778 0.67 125.4146

ilavarasi 65 f 4.2 57 374 6.4 539malignant 84.21875 0.7 120.3125

janani 61 f 5 88 268 35 765malignant 21.85714286 0.65 33.62637

karuppan 78 m 4.1 68 377 7.2 296malignant 41.11111111 0.89 46.19226

kumaresan 71 m 4.2 113 332 6.9 302malignant 43.76811594 0.7 62.52588

lakshmi 80 f 4.9 55 438 6.8 344malignant 50.58823529 0.64 79.04412

lakshmi 84 f 4.5 106 496 12.7 612malignant 48.18897638 0.84 57.36783

mangayarkarasi 58 f 4.4 118 354 14 88malignant 6.285714286 0.65 9.67033

mani 57 m 4.7 71 374 21 475malignant 22.61904762 0.74 30.56628

mariammal 61 f 5 88 268 35 765malignant 21.85714286 0.65 33.62637

mohan 75 m 6.2 49 709 7.2 605malignant 84.02777778 0.67 125.4146

mohandoss 69 m 3.6 66 358 12 678malignant 56.5 0.66 85.60606

muniyammal 54 f 6.1 65 601 7.4 298malignant 40.27027027 0.65 61.95426

munusamy 61 m 5.4 61 501 9.5 432malignant 45.47368421 0.78 58.2996

mythili 58 f 4.4 118 354 14 88malignant 6.285714286 0.65 9.67033

nandhammal 66 f 5 64 312 20 477malignant 23.85 0.79 30.18987

pthundymj 84 f 4.7 67 333 19.5 601malignant 30.82051282 0.85 36.25943

perumal 65 m 4.9 51 419 9.8 521malignant 53.16326531 0.88 60.4128

pichaikkaran 69 m 3.6 66 358 12 678malignant 56.5 0.66 85.60606

pushpavallli 54 f 6.1 65 601 7.4 298malignant 40.27027027 0.65 61.95426

raja 57 m 4.7 71 374 21 475malignant 22.61904762 0.74 30.56628

rani 65 f 4.2 57 374 6.4 539malignant 84.21875 0.7 120.3125

rasappan 78 m 4.1 68 377 7.2 296malignant 41.11111111 0.89 46.19226

seethalakshmi 80 f 4.9 55 438 6.8 344malignant 50.58823529 0.64 79.04412

somanasumary 84 f 5.8 59 312 26 1388malignant 53.38461538 0.84 63.55311

veerasamy 65 m 4.9 51 419 9.8 521malignant 53.16326531 0.88 60.4128

xxy 84 f 4.5 106 496 12.7 612malignant 48.18897638 0.84 57.36783
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abirami 18 f 5.4 63 339 46.9 350 tb 7.462686567 0.9 8.291874

aksh 26 m 5.7 87 399 52 412 tb 7.923076923 0.84 9.432234

amudha 39 f 5.6 82 196285 47.3 419 tb 8.858350951 0.88 10.06631

arasi 37 f 4.1 52 422 108 289 tb 2.675925926 0.92 2.908615

arivalagan 31 m 4.1 95 217 34 311 tb 9.147058824 0.95 9.628483

arokiyadass 29 m 3.7 62 496 66.4 397 tb 5.978915663 0.94 6.360549

arun 31 m 4.1 95 217 34 311 tb 9.147058824 0.95 9.628483

balasubramanium 29 m 3.7 62 496 66.4 397 tb 5.978915663 0.94 6.360549

balasubramanium 23 m 4.1 67 347 48 284 tb 5.916666667 0.75 7.888889

bhavani 37 f 4.1 52 422 108 289 tb 2.675925926 0.92 2.908615

chellapandian 54 m 5.6 102 421 42.7 426 tb 9.976580796 0.85 11.73715

devi 27 f 3.7 51 333 31 394 tb 12.70967742 0.9 14.12186

dharika 35 f 6.2 106 394 54 495 tb 9.166666667 0.91 10.07326

gopalan 38 m 4.7 82 396 51 110 tb 2.156862745 0.9 2.396514

kaliyamoorthy 67 m 4.8 42 506 50.4 260 tb 5.158730159 0.95 5.430242

kanniappan 36 m 3.9 95 536 77.2 251 tb 3.251295337 0.9 3.61255

kanthan 67 m 4.8 42 506 50.4 260 tb 5.158730159 0.95 5.430242

karmegavannan 29 m 4.8 75 361 19.4 411 tb 21.18556701 0.97 21.84079

kathiresan 36 m 3.9 95 536 77.2 251 tb 3.251295337 0.9 3.61255

kumar 22 m 4.7 64 313 13 206 tb 15.84615385 0.84 18.86447

kumar 24 m 4.5 54 342 42 477 tb 11.35714286 0.9 12.61905

kunjammal 66 f 3.6 82 354 46.2 245 tb 5.303030303 0.87 6.095437

lavanya 18 f 5.4 63 339 46.9 350 tb 7.462686567 0.1 74.62687

madhavi 26 f 4.8 88 367 51 294 tb 5.764705882 0.99 5.822935

mahalakshmi 17 f 4.8 44 374 43.8 327 tb 7.465753425 0.86 8.681109

meenakshi 66 f 3.6 82 354 46.2 245 tb 5.303030303 0.87 6.095437

mohandoss 61 m 3.7 45 264 35 374 tb 10.68571429 0.85 12.57143

mukesh 27 m 3 57 325 13 254 tb 19.53846154 0.99 19.73582

munirathnam 61 m 3.7 45 264 35 374 tb 10.68571429 0.85 12.57143

murali 27 m 3 57 325 13 254 tb 19.53846154 0.99 19.73582

nandhini 34 f 4.1 64 388 37 374 tb 10.10810811 0.9 11.23123

nila 39 f 4.4 55 512 81 248 tb 3.061728395 0.95 3.222872

nivetha 39 f 5.6 82 196285 47.3 419 tb 8.858350951 0.88 10.06631

pakkiri 50 m 3.8 74 455 46 371 tb 8.065217391 0.91 8.862876

palani 54 m 5.6 102 421 42.7 426 tb 9.976580796 0.85 11.73715
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palanivel 43 m 4.6 78 365 82.8 260 tb 3.140096618 0.9 3.488996

pandiyan 50 m 3.8 74 455 46 371 tb 8.065217391 0.91 8.862876

paramesh 23 m 4.1 67 347 48 284 tb 5.916666667 0.75 7.888889

patchaiyappan 19 m 4.1 56 330 41 255 tb 6.219512195 0.94 6.616502

pavadai 54 f 4.3 106 501 58 270 tb 4.655172414 0.85 5.476673

pavithra 35 f 6.2 106 394 54 495 tb 9.166666667 0.91 10.07326

pichandi 45 m 4 81 461 62 125 tb 2.016129032 0.98 2.057275

prakash 43 m 4.6 78 365 82.8 260 tb 3.140096618 0.9 3.488996

prameshwari 17 f 4.8 44 374 43.8 327 tb 7.465753425 0.86 8.681109

praveen 26 m 5.7 87 399 52 412 tb 7.923076923 0.84 9.432234

priyanka 39 f 4.4 55 512 81 248 tb 3.061728395 0.95 3.222872

queenmary 65 f 5.6 49 244 46.2 388 tb 8.398268398 0.88 9.543487

ramachandran 38 m 4.7 82 396 51 110 tb 2.156862745 0.9 2.396514

selvi 26 f 4.8 88 367 51 294 tb 5.764705882 0.99 5.822935

sneha 21 f 3.5 114 475 28 654 tb 23.35714286 0.95 24.58647

somi 21 f 3.5 114 475 30 655 tb 21.83333333 0.95 22.98246

sridevi 54 f 4.3 106 501 58 270 tb 4.655172414 0.85 5.476673

suganya 25 f 4.3 83 408 50.4 315 tb 6.25 0.1 62.5

sumathi 34 f 4.1 64 388 37 374 tb 10.10810811 0.9 11.23123

sundarammal 59 f 4.9 57 462 65 355 tb 5.461538462 0.88 6.206294

sundarsivam 27 m 3.7 68 402 67.5 346 tb 5.125925926 0.84 6.102293

surendar 22 m 4.7 64 313 13 206 tb 15.84615385 0.84 18.86447

suresh 27 m 3.7 68 402 67.5 346 tb 5.125925926 0.84 6.102293

swarna 25 f 4.3 83 408 50.4 315 tb 6.25 0.1 62.5

uma 65 f 5.6 49 244 46.2 388 tb 8.398268398 0.88 9.543487

umapathy 45 m 4 81 461 62 125 tb 2.016129032 0.98 2.057275

vadivel 24 m 4.5 54 342 42 477 tb 11.35714286 0.9 12.61905

velammal 61 f 4.7 97 377 39 371 tb 9.512820513 0.84 11.32479

vijayal 61 f 4.7 97 377 39 371 tb 9.512820513 0.84 11.32479

vinodhini 27 f 3.7 51 333 31 394 others 12.70967742 0.9 14.12186

xx 19 m 4.1 56 330 41 255 others 6.219512195 0.94 6.616502

xy 59 f 4.9 57 462 65 355 others 5.461538462 0.88 6.206294

yogendran 29 m 4.8 75 361 29 416 others 14.34482759 0.97 14.78848


