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Background: Rapid diagnostics of exudative pleural effusion should be able to rule out tuberculosis (TB) as the causative agent. 
Cancer ratio, a ratio between serum lactate dehydrogenase (LDH) and pleural fluid adenosine deaminase (ADA), of >20 is predictive 
for malignant pleural effusion (MPE). This study aimed to observe the diagnostic values and to determine the diagnostic cut-off 
point of cancer ratio for MPE in a country with a high TB burden such as Indonesia. Methods: This prospective cross-sectional 
study involved 65 subjects with exudative pleural effusion suspected of malignancy and treated at Persahabatan Hospital Jakarta, 
Indonesia. Results: Cancer ratio >20 had a sensitivity of 61.82%, specificity of 80%, positive predictive value (PPV) of 94.44% 
and negative predictive value (NPV) of 27.59%. The cancer ratio cut-off points of >26 showed sensitivity and specificity of 0.43 
(95%CI 0.31-0.55) and 0.9 (95%CI 0.82-0.97) respectively. The area under the curve (AUC) of 0.76 indicated good accuracy. The 
positive likelihood ratio (PLR) was found to be 4.36 (95%CI 3.43-5.29), while the negative likelihood ratio (NLR) at this cut-off 
point was 0.22 (95%CI 0.13-0.33). Moreover, the PPV and NPV were found to be 0.96 (95%CI 0.91-1) and 0.22 (95% CI 0.12-
0.32) respectively. Conclusion: Based on its high specificity, PPV and PLR, cancer ratio cut-off point of >26 was found highly 
predictive of malignancy in patients with exudative pleural effusion in a country with high TB burden.
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Abstract

INTRODUCTION
Pleural effusion is an indicator of an underlying disease 
process which may originate intrapulmonary or extrapul-
monary and can also be acute or chronic. Exudative pleu-
ral effusions are usually seen in three conditions partic-
ularly cancer, tuberculosis (TB) and para-pneumonic 
effusions. The complaint of malignant pleural effusion 
(MPE) include dyspnea, cough, weight loss and chest 
pain. In addition, pleural effusion in the chest x-ray with 
negatively proven TB infection and/ or  cancer are also 
considered as the presenting complaints of MPE. The 
MPE is diagnosed on the basis of clinical findings, im-
aging support and pleural fluid examination including its 
analysis and cytology. The main problem in diagnosing 
MPE is the etiology and the underlying primary tumor 
which  contributes to the complexity in MPE manage-
ment.[1,2]
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Initial step for the diagnosis of MPE is to confirm wheth-
er the fluid is exudate based on the Light’s criteria i.e. (1) 
protein ratio > 0.5; (2) LDH ratio > 0.6; (3) effusion LDH 
level > 2/3 upper limit of serum LDH reference range 
and primary tumor in the lung or other organs. Further 
tests include biochemical analysis of cell count, glucose, 
hydrogen potential (pH), adenosine deaminase (ADA), 
cytology and cultures of Mycobacterium tuberculo-
sis (MTb). This is followed by pleural biopsy if these 
biochemical results are inconclusive. To date, reliable 
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biochemical markers for MPE diagnosis are not avail-
able Increase in serum lactate dehydrogenase (LDH) is 
observed in various clinical conditions such as hemoly-
sis, cancer, sepsis, humanimmunodeficiency virus (HIV) 
infection and so on. Whereas extremely high serum LDH 
values are used as diagnostic marker for conditions like 
sepsis and malignancy.[3-7]

A  study by Verma et al.[7] identified MPE by assessing 
the cancer ratio by comparing serum LDH and pleural 
fluid ADA values. Cancer ratio of ≥20 was found highly 
predictive of malignancy. The etiological diagnosis of 
pleural effusion in Indonesia is often given differential 
diagnosis of TB which causes morbidity reports of TB to 
be quite high. Cause of pleural effusion should be iden-
tified as soon as possible to determine the next step of 
management. Based on these investigations, this study 
aimed to evaluate the role of cancer ratio screening for 
detecting MPE in suspected patients. 

METHODS
This was a diagnostic study with prospective cross-sec-
tional design. The sample selection was carried out 
through consecutive sampling technique. The target 
population included adult patients (≥18 years) who were 
eligible for the diagnostic criteria of suspected MPE and 
who attended the polyclinic and/or emergency room and/
or were admitted to the wards at Persahabatan Hospi-
tal Jakarta from March to June 2019. Whereas, patients 
with comorbidities which could generate pleural effu-
sions such as TB, heart failure, chronic renal failure, 
liver disease and those who had received radiotherapy 
to the thoracic region or chemotherapy were excluded 
from the study.

Patient sample collection
After obtaining informed consent from each patient who 
met the inclusion criteria of this study,  pleural fluid and 
biopsy samples were obtained from them by thoracocen-
tesis and pleural biopsy respectively. The cancer ratio 
and anatomic pathology results were then evaluated and 
analyzed to determine the diagnostic value by statistical 
analysis.

Ethical Clearance
This study had received ethical approval from the In-
stitutional Review Board of the Faculty of Medicine 
Universitas Indonesia (Ethical Clearance No: KET-308/
UN2.F1/ETIK/PPM.00.02/2019).

Statistical analysis
Statistical analysis was performed using GraphPad 
Prism 6.0 (GraphPad Software, La Jolla, CA). Values 
were compared using a two-tailed Student’s t-test. Cat-
egorical variables were analyzed using 2x2 chi square 
test. Differences between the means were considered 
statistically significant at P < 0.05.

Results
In total, there were 65 subjects recruited in this study 
having suspected MPE with exudative pleural effusions. 
Out of these 28 (43.1%) were males and 37 (56.9%) were 
females. The mean ± standard deviation (SD) of the age 
of all patients was 56.77±10.24. History of all partici-
pants was taken followed by their physical and radiolog-
ical examinations, pleural punctures (thoracocentesis), 
pleural biopsy and/or other diagnostic procedures. The 
radiological examination included thoracic ultrasound, 
chest X-ray (CXR) and chest CT scan. Pleural fluid sam-
ples were examined for pleural fluid analysis, ADA and 
cytology while pleural biopsy samples were examined 
for tissue histology. The cancer ratio was calculated 
based on the comparison of serum LDH with pleural 
fluid ADA.

Based on anatomic pathology examination, total 59 
(90.8%) subjects had the identified pleural effusion eti-
ology whereas the remaining subjects (n=6, 9.2%) had 
inconclusive causes of pleural effusion.  Distribution of 
subjects with respect to the exudative pleural effusion 
etiology can be seen in Fig 1.

Figure 1: Distribution of subjects based on pleural effusion 
etiology (a) and anatomic pathology examination (b)

Anatomic pathology examination of pleural fluid and/
or tissue and of other fluids/aspirates or other tissues 
showed the types of malignancy causing exudative 
pleural effusion. The most frequent type of intrathoracic 
malignancy causing MPE in this study was found to be 
adenocarcinoma, while that of of extrathoracic malig-
nancy was breast cancer. The distribution of malignancy 
types which caused exudative pleural effusions in this 
study are shown in Fig 2.
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Figure 2: Types of malignancy causing malignant pleural 
effusion (MPE)

The relationship between the results of anatomic pathol-
ogy based on the categorical variables of pleural fluid 
analysis can be seen in table 1. No significant relation-
ship was observed between pleural effusion color, clar-
ity, blood clots and the results of anatomic pathology. 
Based on the results of macroscopic examination, it was 
found that most of the pleural fluid in EPG patients at the 
Friendship Hospital was red an cloudy.

Table 1: Anatomic pathology results based on 
macroscopic pleural fluid

Variables Negative Positive OR (95%CI) P value
n % n %

Fluid color
Red 7 10.8 28 43.1 N/A 0.049
Xanthous 2 3.1 23 35.4
Brown 0 0 4 6.2
White 1 1.5 0 0

Clarity
Clear 2 3.1 8 12.3 1.47 0.645
Cloudy 8 12.3 47 72.3 (0.26-8.21)

Blood clot
Yes 1 1.5 6 9.2 1.10 0.932
No 9 13.8 49 75.4 (0.12-10.28)

N/A: not applicable

The anatomic pathology results based on the character-
istics of numerical variables are shown in Table 2.Sig-
nificant correlation was found between pleural fluid cell 
count in the negative and positive anatomic pathology 
group (535 cells/μL vs 1064 cells/μL, P=0.037). More-
over,  significant difference was also observed between 
pleural fluid ADA values in both these groups (38.7 U/L 
vs 12.5 U/L, P=0.005). In addition, cancer ratio in the 
negative and positive anatomic pathology groups was 
also found significant (5.42 vs 23.8, P=0.009). No sig-
nificant difference was found with respect to the serum 
LDH values in MPE and non-MPE however, pleural flu-
id ADA values were found significantly lower in MPE 
as compared to non-MPE.

Table 2: Anatomic pathology results based on 
numerical variables

Variables
Non-MPE 

Median (min-
max)

MPE Median 
(min-max)

P 
value

Age 54 
(26 – 79)

59 
(39 – 79) 0.223

Volume estimation 1400 
(800 – 2000)

1200
 (600 – 2000) 0.194

Pleural fluid (PF) analysis

Cell count 535 
(107 – 2768)

1064 
(107 – 8362) 0.037

%PMN 17.5 
(2 – 59)

16 
(1 – 98) 0.848

%MN 82.5 
(41 – 98)

84
 (2 – 99) 0.848

pH of PF 8.0 
(8.0 – 8.5)

8.0 
(7.0 – 8.5) 0.848

PF protein 4.4 
(2.2 – 6.9)

4.6 
(2.9 – 5.6) 0.467

Serum protein 6.5 
(5.8 – 7.9)

6.6 
(5 – 66) 0.971

PF glucose 90.5 
(8 – 224)

79 
(4 – 294) 0.935

Serum glucose 117.5 
(90 – 286)

120 
(64 – 277) 0.567

PF LDH 443
 (86 – 2089)

442 
(135 – 5759) 0.525

Serum LDH 235 
(161 – 1236)

303 
(103 – 1494) 0.187

PF ADA 38.7 
(12 – 108)

12.5 
(2.5 – 139) 0.005

Cancer ratio 5.42 
(1.49 – 105)

23.8 
(1.21 – 121) 0.009

PF: pleural fluid

Serum LDH and pleural fluid ADA in MPE were found 
to have an inverse or reciprocal correlation (R2=0.048) 
(Fig 3). Correlation between the two variables using 
Spearman test showed that there was a weak correlation 
(r=-0.272) led by number of extreme values of the two 
variables, nevertheless, it was significant (P=0.028).

Figure 3: Scatter plot chart of the correlation between 
serum lactate dehydrogenase (LDH) and pleural fluid 
adenosine deaminase (ADA) on malignant pleural 

effusion (MPE) (r=-0.272) and (P=0.028).
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The area under the curve (AUC) of receiver operating 
curve (ROC) describes how well a diagnostic test can 
be applied. The greater the AUC value or the closer to 
number 1, the better the quality of the test. In the pres-
ent study, the area of AUC to cancer ratio  was 0.760 
(0.573-0.947) with 95% confidence interval (CI)(Fig 4). 
Diagnostic test for cancer ratio was performed using a 
2x2 table calculated on the basis of anatomic pathology 
as the gold standard. The comparison of results of di-
agnostic test using cancer ratio and anatomic pathology 
examination as the gold standard are shown in Table 3. 
Cancer ratio ≥20 can be used for the diagnosis of MPE; 
such as sensitivity, specificity, PPV, NPV, positive and 
negative LR (Table 3). The diagnostic values of cancer 
ratio ≥20 in patients with MPE as a whole are described 
in Table 4. The diagnostic test value of cancer ratio ≥26 
at Persahabatan Hospital Jakarta with anatomic patholo-
gy as the gold standard are shown in Table 5.

Figure 4: Cancer ratio ROC curve

Table 3: Cancer ratio examination results compared 
with anatomic pathology as the gold standard
Cancer ratio 
examination

Anatomic pathology examination
Total

Positive Negative

>20 34 2 36

<20 21 8 29

Total 55 10 65

Table 4: Diagnostic values of cancer ratio >20
Sensitivity 61.82%
Specificity 80%
Positive Predictive Value (PPV) 94.44%

Negative Predictive Value (NPV) 27.59%

Positive Likelihood Ratio (Positive LR) 3.1
Negative Likelihood Ratio (Negative LR) 0.48

Table 5: Diagnostic values of cancer ratio >26
Parameters Value 95%CI

Sensitivity 43% 31.5 – 55.7

Specificity 90% 82.7 – 97.3

Positive Predictive Value (PPV) 96% 91.2 – 100

Negative Predictive Value (NPV) 22% 12.3 – 32.7

Positive Likelihood Ratio (Positive LR) 4.363 3.43 – 5.29

Negative Likelihood Ratio (Negative LR) 0.229 0.13 – 0.33

DISCUSSION
Gender
Among all study participants, 53.8% were females with 
MPE in the exudative pleural effusion group  while 
30.8% were males. Other studies also reported greater 
proportion of females with MPE as compared to males.
[8,9] Lung cancer study in women pointed out that there 
were differences in risk factors, histology and patho-
physiology as compared with men.[10] However, in this 
study, this difference could be due to the consecutive 
sampling technique in which the  subjects collected were 
mostly women.

Age
In this study, most of the subjects with exudative pleural 
effusions were aged ≥40 (96.9%), whereas only 3.1% 
subjects were <40 years old. The median age of study 
subjects with proven MPE was 59 years (39-79 years). 
These results corresponded with a study which revealed 
that majority of MPE patients were in the 50–70 year 
age group with a mean age of 58.8 years (32-85 years).
[11] Perez Warnisher et al.[12] in 2016 reported that ad-
enocarcinoma was a predominant histology finding in 
both sexes of all ages. Malignancy can be considered as 
an age-related disease because most of the risk of ma-
lignancy increases with age. Certain similar biological 
mechanisms which regulate aging can also be involved 
in the pathogenesis of age-related diseases such as can-
cer, however, there are many factors which influence the 
onset of malignancy at an early or young age. These in-
clude genetic factors and/or race, environmental factors 
and even the cancer histology.[13] In the present study, 
some types of MPE were developed from metastasis of 
primary tumors such as lymphoma, which mostly affect-
ed young people. 

Anatomic Pathology Results
A retrospective study conducted  on patients with 
pleural effusions reported that a total of 70 out of 110 
patients had malignant pleural effusions based on ana-
tomic pathology results. About 45.7% of the diagnosis 
was established on the basis of pleural fluid cytology 
results, whereas, 40% was based on pleural tissue his-
tology results using thoracoscopy method guided by 
video or video-assisted thoracoscopy (VATS). The rest 
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of the diagnosis was based on radiological assessment 
as it was not evident from anatomic pathology. Closed 
pleural biopsy in this study was not performed. Most of 
the subjects had anatomic pathology of adenocarcinoma 
(35.7%) followed by mesothelioma (24.3%) and meta-
static breast cancer (10%). On the other hand, squamous 
cell carcinoma (SCC) was diagnosed in less than 10% 
of patients  while the rest included small cell lung carci-
noma (SCLC), lymphoma and metastasis of gastrointes-
tinal malignancy.[14] Another study found that malignant 
cells were detected in 53.73% of cases with pleural fluid 
cytology and pleural tissue histology. However, despite 
the presence of primary tumor in 46.27% of cases, no 
malignant cells could be detected in pleural fluid or pleu-
ral tissue.[15] In addition, adenocarcinoma was reported 
as the most common (52%) type of cancer cell found in 
MPE, both in pulmonary and metastasis-extrapulmonary 
origin.[8]

Mechanism of pleural effusion which develop in patients 
with malignancy is one of determinants for the presence 
or absence of malignant cells in the fluid. Pleural effu-
sions which are formed due to implantation of tumors 
on the pleural surface or as a result of direct tumor in-
filtration of the pleura tend to have malignant cells in 
the effusion. On the other hand, pleural effusions due to 
tumor metastasis are generated by embolization of tumor 
cells to visceral pleura or distant hematogenous spread 
of the tumor to parietal pleura. Deposits of tumor cells 
scatter along the parietal pleural membrane and clog the 
lymphatic stomata causing the blockage of pleural fluid 
drainage.[16-18] In a study, malignant cells were not found 
in about 25% of MPE cases, hence the diagnosis was 
established based on the presence of primary cancer in 
the lung or other organs and this condition was named 
as PPE.[16] In this study, adenocarcinoma, of both pulmo-
nary and metastasis-extrapulmonary origin, was found 
to be the most common type present in 63.6% of MPE 
cases. It is likely that in this study, MPE was caused 
by lymphohaematogenic invasion than direct spread of 
cancer cells to the pleural surface.

Serum LDH: Pleural Fluid ADA (Cancer Ratio)
Microbiology and analysis, ADA and cytology of pleu-
ral fluid are routine initial examinations performed on 
patients with exudative pleural effusions. These tests are 
followed by pleural biopsy if biochemical results are 
inconclusive.[7,19] In the current study, serum LDH was 
found increased in MPE while pleural fluid ADA was 
found relatively low. However, contrasting results were 
observed in TB pleural effusion i.e. low serum LDH and 
high pleural fluid ADA. Low ADA levels are often ac-
knowledged as an indicator of MPE. Due to these re-
ciprocal alterations in biochemical analysis, a ratio of 
diagnostic power was developed which could determine 
MPE in an effective, timely, generalizable and generally 
applicable manner.[20]

The ADA level in MPE is known to be low, hence, it is 
inappropriate to use it to diagnose MPE due to lack of 
biochemical association whereas LDH has been proven 
to be high in malignancies. Therefore, the combination 
of these two markers as a cancer ratio to develop MPE 
predictors was evaluated using negative and positive 
correlation on malignancy. This ratio was found sig-
nificantly higher in MPE group as compared to TB and 
parapneumonic effusion groups. Such markers can not 
only provide an early signal to MPE but also potentially 
serve as an early warning for patients with no malignant 
cell according to cytological findings.[7,19]

Serum lactate dehydrogenase
Although serum LDH level in this study did not differ 
significantly between pleural effusions due to malignan-
cy and non-malignancy, yet its values in MPE tended to 
be higher than those in non-malignant effusions. Serum 
LDH is a cellular enzyme that increases in response to 
tissue injury in a non-specific manner. Elevated serum 
LDH is found in a variety of clinical conditions, how-
ever, highly elevated serum LDH might be a marker of 
specific diagnostic group. Its diagnostic and prognostic 
role had previously been studied and reported as a poor 
prognostic marker in sepsis and also cancer patients.[7,21]

Increase of serum LDH in malignancy occurs due to dis-
tinctive glycolysis used for energy by tumor cells and ox-
idative phosphorylation. Additionally, it also has a role in 
the generation pathway of adenosine triphosphate (ATP). 
High level of glycolysis is required for cell growth be-
cause it is capable of producing ATP faster than oxidative 
phosphorylation. As tumor cells grow rapidly, thus, they 
need more ATP to promote cell growth and glycolysis 
should be able to meet the ATP demand. Consequently, 
serum LDH increases in patients with malignancy.[19,22] 
Its diagnostic potential as a biomarker for MPE has not 
been reported. The correlation between elevated serum 
LDH and MPE have been explained by some studies   
which were consistent with other studies which also re-
ported correlation between serum LDH and cancer.[22]

Pleural fluid adenosine deaminase
Based on the results of this study, the median pleural 
fluid ADA value in MPE was found quite lower i.e. 12.5 
U/L as compared to non-malignant pleural effusions 
(38.7 U/L). Statistically significant correlation was found 
between ADA value and malignancy, however, the diag-
nostic test results achieved an AUC value of ADA <0.7, 
hence it was not analyzed any further. This was in accor-
dance with the results of another study which reported 
significantly higher level of ADA activity in pleural fluid 
in TB pleurisy (110.6±35.2 U/L) than in pleural fluid due 
to malignancy (17.5±8,4 UL).[23]

Adenosine deaminase is an enzyme which catalyzes the 
conversion of adenosine and deoxyadenosine into ino-
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sine and deoxyinosin in the purine degradation pathway. 
Their quantity is increased in immature and undiffer-
entiated T-lymphocytes after mitogenic and antigenic 
stimulation. Activity of ADA is ten times greater in lym-
phocytes than in erythrocytes and also greater in T-lym-
phocytes than in B-lymphocytes. This activity varies 
during T-cell differentiation with a significant increase 
in levels in immature or undifferentiated state. Increased 
ADA activity in MPE has been associated with a cluster 
of differentiation 8 (CD8) predominance whereas in TB, 
the increase in ADA was accounted due to a gradual in-
crease in cluster of differentiation 4 (CD4) blastogenesis 
after mycobacterial antigenic stimulus.[24,25]

A study reported high percentage of T-lymphocytes in 
MPE either in vivo or in vitro but upon stimulation by 
nonspecific mitogens such as phytohemagglutinin (PHA) 
or concanavalin A (Con-A), the capacity of these cells 
became lower or even zero. Conversely, in TB or parap-
neumonic effusions, T-lymphocytes reacted intensely to 
specific and nonspecific mitogens. Consequently, these 
cells, especially in TB pleurisy, would undergo intense 
and accelerated blastogenesis after antigenic stimulation 
of mycobacteria and there would also be a significant 
increase in the CD4 subpopulation. This rise in CD4 
cells indicated that ADA synthesis was associated with 
lymphocytic proliferation and differentiation processes. 
Baganha et al.[23] elucidated that increased ADA activity 
in TB pleurisy appeared to be associated with an increase 
in CD4 lymphocytes whereas its decrease in MPE was 
correlated with a higher and lower percentage of CD11 
and CD4 T-cells respectively.

Diagnostic Test of Cancer Ratio
In accordance with a study by Verma et al.[7], cancer ratio 
cut-off point of >20 could be applied to decide whether 
the exudative pleural effusion etiology was malignant or 
not. Therefore, the present study conducted a diagnostic 
test of the cut-off point by analyzing patients with sus-
pected MPE prospectively. Few years back, a group of 
researchers obtained the cancer ratio cut-off point >20 
with sensitivity and specificity of 95% (95% CI, 0.87-
0.98) and 85% (95% CI, 0.68-0.94), respectively. The 
positive and negative likelihood ratios (LR) obtained 
were  16 and 0.13 respectively with area of AUC of 0.81.
[7,19] In the present study, cancer ratio of >20 was found 
to have a good diagnostic accuracy i.e. its sensitivity 
was found to be 61.82% and  specificity was 80%. In 
addition, PPV of 94.44% and NPV of 27.59% were also 
observed. Patients with MPE were found to have a 3.1-
fold probability of cancer ratio >20 as compared to those 
without MPE. Moreover, 0.48-fold probability of cancer 
ratio ≤20 was found in patients with MPE   as compared 
to those without MPE.

This study attempted to find a better cut-off point which 
could be applied to patients with suspected MPE at Per-
sahabatan Hospital as a national respiratory referral cen-

ter hospital that represents Indonesia. To date, there has 
been no stipulated method to be complied to determine 
the cut-off point accurately. The cut-off point was chosen 
by the clinician after carefully considering which diag-
nostic value is useful. Although cut-off point >20 gave 
good results, yet the cut-off point finally accepted for 
cancer ratio in diagnosing MPE at Persahabatan Hospital 
Jakarta was ≥26. This is because it had higher specificity 
(90%), PPV (96%) and positive LR (4.363) than oth-
er cut-off points. Clinically, positive predictive value is 
more important in diagnosing a disease than sensitivity. 
If the cancer ratio is ≥26 then there would be 96% cer-
tainty that the etiology of exudative pleural effusion in 
these patients was due to malignancy. 

In conclusion, the cancer ratio cut-off point of ≥26 in 
patients with exudative pleural effusion can be used to 
detect MPE with a diagnostic power that can establish 
MPE in an effective, efficient, timely and generally ap-
plicable manner. 
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