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Abstract

Background: Although cytological examination of pleural fluid samples can simply diagnose malignant pleural
effusion (MPE), this test has many limitations. There are no established biomarkers for accurate diagnosis of MPE.
This study investigated the association of serum lactate dehydrogenase (LDH)/pleural fluid adenosine deaminase
(ADA) which is the cancer ratio with MPE together with assessment of the utility of combining pleural lymphocyte
counts “cancer ratio plus” in diagnosing MPE and to evaluate the ability of these markers in differentiating MPE
from tuberculous pleural effusion (TPE).

Results: This prospective study included 150 individuals who were divided into 3 groups including malignant (n =
94), tuberculous (n = 31), and parapneumonic (n = 25) effusions. It was done during the period from January 2018
to July 2019 to assess the utility of cancer ratio and cancer ratio plus in discrimination between MPE and non-MPE.
Serum LDH, cancer ratio, and cancer ratio plus were significantly associated with MPE. Also, age, cancer ratio, and
serum LDH to pleural fluid lymphocyte count ratio were positive predictors of MPE. A cutoff level of > 16.02 for the
cancer ratio showed sensitivity and specificity of 61% (95% CI 0.5002–0.7056) and 96% (95% CI 0.8769–0.9956)
respectively. At this cutoff, the positive likelihood ratio was 16.99, while the negative likelihood ratio was 0.41.

Conclusion: Cancer ratio was found to be more accurate than cancer ratio plus and serum LDH to pleural fluid
lymphocyte count ratio in identifying MPE especially in patients with negative pleural fluid cytology.
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Background
Pleural effusion is one of the common clinical entities.
Many diseases may be associated with pleural effusion for-
mation including local conditions affecting the pleura and
secondary pleural affection from extrapulmonary diseases.
Differentiation between exudate and transudate is the
common initial diagnostic step to patients with pleural ef-
fusion [1]. In clinical practice, the most common three
conditions resulting in exudative effusion are tuberculous
pleural effusion (TPE), malignant pleural effusion (MPE),
and parapneumonic pleural effusion (PPE). More analysis
of pleural fluid, including total and differential cell count,
pH, glucose levels, adenosine deaminase (ADA) activity,
and cytological and microbiological examinations, is

required for further differentiation between the specific
diseases associated with formation of pleural exudate [2].
A high neutrophil count in the pleural fluid is indicative
of parapneumonic effusion, and a high level of pleural
fluid ADA level is mostly suggestive (specificity of 92%)
for tuberculosis (TB), while regarding MPE, to date, no
test is specific to “rule-in” MPE [3].
Although MPE can be simply diagnosed by pleural

fluid cytological analysis, this test has many limitations,
including variability in the sensitivity of the test which is
ranging from 11.6 to 71% [4]. There are no established
accurate biomarkers for the diagnosis of MPE. Most
tumor markers were not sensitive nor specific to be im-
plemented in routine assessment of MPE. Data are insuf-
ficient on the true diagnostic performance of the
relationship between low ADA levels and MPE [5, 6].
Due to the limitations of noninvasive diagnostic tests of
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MPE, many patients may require more invasive diagnos-
tic tests with associated complications and some delay in
the cancer diagnosis.
The “cancer ratio” (CR) which is a quotient of

serum lactate dehydrogenase (LDH) and pleural fluid
ADA is a new biochemical parameter that showed a
high diagnostic accuracy for pleural malignancies.
Cancer ratio showed high diagnostic value based on
the observations that MPE is often associated with
high serum LDH levels and comparatively low pleural
fluid ADA levels and lymphocyte count [7, 8]. On the
other hand, TPE patients had low LDH in the serum
with high pleural ADA levels and also raised pleural
fluid lymphocyte counts. These relations between
serum and pleural fluid biomarkers resulted in the
development of a ratio with the diagnostic value to
help differentiating MPE from TPE in a cost-effective
and clinically applicable manner. These markers may
give early signal toward the possibility of the malig-
nant nature of pleural fluid and can potentially serve
as a “forewarning” for patients with negative cytology
who may subsequently have MPE [8].
This study was aiming to investigate the association

between the cancer ratio and MPE associated with the
assessment of the utility of combining pleural lympho-
cyte counts “cancer ratio plus” in diagnosing MPE and
to study the ability of these markers in differentiating
MPE from tuberculous pleural effusion (TPE).

Methods
This cross-sectional study included 150 patients with ex-
udative pleural effusion who were recruited from the
chest departments of Cairo University and Menoufia
University hospitals during the period from January
2018 to July 2019. Institutional ethical committee ap-
proval and patients’ written informed consents were ob-
tained before enrollment. All studied patients were
subjected to full history talking, complete clinical exam-
ination, and routine serum biochemical analysis includ-
ing serum protein and serum LDH and chest X-ray.
Chest computed tomography and/or transthoracic ultra-
sound were done whenever indicated. Pleural fluid aspir-
ation was done, and pleural fluid was sent for protein
level, LDH, ADA, microbiology, and cytology. Light’s
criteria were used to classify effusions as transudates or
exudates [9]. Thoracoscopic or ultrasound-guided closed
pleural biopsy was also obtained to confirm the diagno-
sis. Clinical and laboratory data of patients with MPE,
TPE, and PPE were prospectively analyzed. Exudative ef-
fusions other than the previously mentioned groups and
patients with pleural transudates were excluded from the
study.
Three ratios were calculated and analyzed including:

a) “Cancer ratio” which is the ratio between serum
LDH and pleural ADA [7].

b) “Cancer ratio plus” which is the ratio of cancer
ratio to the percentage of differential pleural
lymphocyte count. It was calculated to see the
effect of pleural lymphocyte count and cancer ratio
on the accuracy of identifying MPE [8].

c) The ratio between serum LDH and pleural
lymphocyte count. It was calculated to see the
effect of serum LDH and pleural lymphocyte count
on the accuracy of identifying MPE [8].

Statistical methods
The data were collected, tabulated, and statistically ana-
lyzed using the Minitab 17.1.0.0 for windows (Minitab
Inc., 2013, PA, USA). All tests were two sided. A p value
< 0.05 was considered significant. Continuous data were
represented as mean and SD or median and IQR, and
categorical data as number and percentage. One-way
ANOVA test with post hoc analysis using Tukey or
Dunnt’s methods was used to compare between more
than groups of numerical data nature. Multiple logistic
regressions were used to estimate the most independent
predictors for malignant outcome; furthermore, ROC
analysis was performed using SigmaPlot software
12.5.0.38 for windows (SigmaPlot, Systat Software Inc.
UK, 2011) to evaluate the performance of significant
predictors besides the determination of best cutoff
points.

Results
One hundred and fifty patients with exudative pleural ef-
fusion were included in the study; demographic and
pleural fluid characteristics of all patients are summa-
rized in Table 1. The frequency of malignant pleural ef-
fusion was 62.67% (94 patients); on the other hand,
tuberculous and para-pneumonic effusions were 20.67%
(31 patients) and 16.67% (25 patients) respectively. Com-
parison between the different characteristics of patients
with MPE, TPE, and PPE is shown in Table 2. Older age
was significantly reported in malignant patients than in
TB and para-pneumonic groups (P < 0.001). The pleural
fluid ADA and lymphocyte count were significantly
higher in TB effusion than in MPE (P < 0.001 for both).
Furthermore, the serum LDH was significantly elevated
in MPE than in TPE and PPE even with insignificant dif-
ference between its level in pleural fluid within the
groups (P < 0.001 and 0.89 respectively). Moreover, to
explore the more potency of combining LDH level in
the serum with ADA level in the pleural fluid, the cancer
ratio was calculated and showed significant elevation
in MPE than in both inflammatory groups, i.e., TPE
and PPE (P < 0.001), while the cancer ratio plus and
the ratio between serum LDH and lymphocyte count
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in the pleural fluid showed significant elevation in the
malignant and para-pneumonic groups than the TB
group of pleural effusion (P < 0.001). Elevated cancer
ratio was found to be more accurate than cancer ratio
plus and serum LDH and lymphocyte count ratio in
identifying MPE.
Multivariate logistic regression analysis that was ad-

justed using stepwise elimination methods for all predic-
tors of malignant effusion still pointed on age, “cancer

ratio,” and “serum LDH to pleural lymphocyte count” as
significant positive predictors of MPE (Table 3). The
performance of predictors was clarified in the ROC
curve (Fig. 1); the AUC of cancer ratio and age sug-
gested good accuracy in discriminating MPE (88% and
84% respectively) with P < 0.001 for both, while AUC of
serum LDH to pleural fluid lymphocyte ratio was fair to
be accepted for discriminating MPF (AUC 65% and P =
0.001). Paired test of each ROC analysis showed that the dif-
ference of area between “cancer ratio” and “serum LDH to
pleural fluid lymphocyte ratio” was significant, the same for
the difference of area between age and “serum LDH to
pleural fluid lymphocyte ratio” (P < 0.0001 and 0.0003 re-
spectively), while the difference of area between cancer ratio
and age was insignificant (P = 0.38) (Table 4). Again, this
means that cancer ratio was more accurate than serum LDH
and lymphocyte count ratio in identifying MPE. The sensitiv-
ity, specificity, LR+, LR−, PPV, and NPV of cancer ratio and
age at different cutoff points are concluded in Table 5.

Discussion
Considering the previously few published studies, this
study was done to evaluate the diagnostic ability of re-
cently mentioned “cancer ratio” and “cancer ratio plus”
and to assess their usefulness as potential predictors dis-
criminating MPE from other etiologies of pleural exu-
dates. Regarding patient’s demography and characteristics
of the pleural fluid among the study patients (Table 1), the
mean age was 53.63 with ± SD 13.57, males were 71
(47.33%), and females were 79 (52.67%); 58 (38.765) pa-
tients were smokers, and the mean values of pleural fluid
glucose, protein, LDH, and ADA were 93.01, 4.75, 720.70,
and 24.63 respectively. Also, the mean values of “cancer

Table 1 Demography and pleural fluid characteristics of the
studied patients

Variable Total (n = 150)

Age (years) (mean ± SD) 53.63 ± 13.57

Sex (male) (number, %) 71, 47.33%

Smoking history (yes) (number, %) 58, 38.67%

Pleural fluid glucose (g/dl) (mean ± SD) 93.01 ± 48.91

Pleural fluid protein (g/dl) (mean ± SD) 4.75 ± 1.04

Serum protein (g/dl)(mean ± SD) 6.45 ± 0.86

Pleural fluid/serum protein (mean ± SD) 0.75 ± 0.19

Pleural fluid LDH (U/I) (mean ± SD) 720.70 ± 523.20

Serum LDH (U/l) (mean ± SD) 312.70 ± 141.80

Pleural fluid LDH/Serum LDH 2.78 ± 2.17

Pleural fluid ADA (U/l) (mean ± SD) 24.63 ± 12.43

Cancer ratio (mean ± SD) 17.02 ± 13.46

Pleural fluid lymphocyte count (%) (mean ± SD) 0.52 ± 0.24

Cancer ratio plus (mean ± SD) 47.44 ± 62.09

Serum LDH/pleural fluid lymphocyte
count (mean ± SD)

847.10 ± 816.10

LDH lactate dehydrogenase, ADA adenosine deaminase, g/dl grams per
deciliter, U/l units per liter

Table 2 Univariate analysis between the different types of pleural effusion

Variable Malignant (n = 94) Tuberculous (n = 31) Para-pneumonic (n = 25) P1 P2 P3

Age 59.97 (9.25) 38.03 (10.8) 49.16 (13.18) < 0.001 < 0.001 < 0.001

Pleural fluid glucose 90 (75–109.25) 87 (60–100) 70 (52.5–90.5) 0.5 0.01 0.1

Pleural fluid protein 4.67 (0.9) 4.84 (1.2) 4.96 (0.9) 0.41*

Serum protein 6.45 (5.9–7) 6.5 (5.8–7.1) 6.5 (5.8–7) 0.99*

Pleural fluid/serum protein 0.71 (0.61–0.82) 0.77 (0.64–0.9) 0.76 (0.61–0.88) 0.34*

Pleural fluid LDH 555 (355.75–1011) 600 (299–844) 469 (321–1046) 0.89*

Serum LDH 342.5 (233.75–420) 220 (189–276) 220 (190–259) 0.001 0.001 0.9

Pleural fluid LDH/Serum LDH 1.75 (1.07–3.34) 2.59 (1.49–3.63) 2.13 (1.25–4.95) 0.06

Pleural fluid ADA 19 (11–25) 38 (29–42) 24 (20–30) < 0.001 0.001 < 0.001

Cancer ratio 18.03 (10.87–29.73) 6.1 (4.64–9.17) 8.7 (6.79–11.79) < 0.001 < 0.001 < 0.001

Pleural fluid lymphocyte count 0.5 (0.4–0.6) 0.88 (0.8–0.95) 0.2 (0.15–0.3) < 0.001 < 0.001 < 0.001

Cancer ratio plus 40.13 (24.68–60.88) 8.06 (5.22–11.14) 47.5 (32.15–68.78) < 0.001 0.5 < 0.001

Serum LDH/pleural fluid lymphocyte count 700 (506.8–950.4) 271.11 (216.49–332.5) 1200 (762.12–1754.54) < 0.001 < 0.001 < 0.001

Normal distributed data represented as mean (SD) and non-normally distributed data as median (IQR); the test of significant is one-way ANOVA with multiple
comparison using Tukey’s methods or Dunnet’s methods
P1 malignant vs tuberculous, P2 malignant vs para-pneumonic, P3 tuberculous vs para-pneumonic, P < 0.05 considered significant
*Not applicable post hoc test, because P > 0.05
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ratio,” “cancer ratio plus,” and “serum LDH/pleural fluid
lymphocyte count” were 17.02, 47.44, and 847.10
respectively.
Univariate analysis between the 3 different etiological

types of pleural effusion (Table 2) revealed statistically
significant difference between the 3 study groups

regarding the mean age with higher age among the ma-
lignant group (mean ± SD; 59.97 ± 9.25) in comparison
with lower age in the tuberculous (mean ± SD; 38.03 ±
10.8) and para-pneumonic groups (mean ± SD; 49.97 ±
13.18). There was statistically significant difference be-
tween MPE and TPE in serum LDH level (P1 = 0.001) as

Table 3 Multivariate analysis of predictors used in malignancy

Variable Coefficient Odd 95% CI P

Age 0.11 1.12 (1.0577, 1.1835) < 0.001

Pleural fluid glucose 0.01 1.01 (0.9897, 1.0339) 0.28

Serum LDH 0.01 1.01 (0.9940, 1.0178) 0.33

Pleural fluid ADA 0.05 1.05 (0.9415, 1.1651) 0.40

Cancer ratio 0.33 1.40 (1.0544, 1.8485) 0.007

Pleural fluid lymphocyte count − 3.93 0.02 (0.0004, 1.0271) 0.05

Serum LDH to pleural fluid lymphocyte count 0.00 1.00 (0.9957, 0.9991) 0.003

Person χ2 = 162.02, P = 0.12, the model adjusted for all variables using stepwise elimination methods, the sign before the coefficient denote the direction of
relationship, P considered significant if < 0.05
CI confident interval

Fig. 1 ROC curve for age, cancer ratio and serum LDH to pleural fluid lymphocyte count ratio
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it was higher in MPE (median/range; 342.5/233–420) in
comparison with TPE (median/range; 220/189–276).
Again, the difference between MPE and PPE regarding
median level of serum LDH was statistically significant
(P2 = 0.001) as it was lower in PPE (median/range; 220/
190–259) in comparison with MPE. The pleural fluid
ADA median value showed statistically significant differ-
ence between the 3 groups with higher values in TPE
(median/range; 39/29–42) and PPE (median/range; 24/
20–30) than MPE (median/range; 19/11–25) (P < 0.001).
Lactate dehydrogenase is a serum cellular enzyme that

rises in a non-specific manner in response to tissue in-
jury. High levels of serum LDH were found in many
clinical conditions. The diagnostic and prognostic role
has been studied previously, and it was reported as a
poor prognostic marker in sepsis and malignancy [10].
The possible causes for its elevation in malignancies are
mainly the use of glycolysis for energy by cancer cells,
instead of oxidative phosphorylation, a switch in the ad-
enosine triphosphate (ATP) generation pathway which is
mediated by LDH. Growing cells needs a high rate of
glycolysis because it is capable of producing ATP faster
than oxidative phosphorylation. Glycolysis is better
suited to meet the demand of growing cells as they need
an enormous demand for ATP to fuel their growth [11].
The present study reported association between elevated
serum LDH and MPE which is going with the previously
mentioned relations between LDH in serum and malig-
nancy [12].

Furthermore, ADA is produced by mononuclear cells,
lymphocytes, neutrophils, and red blood cells. There are
2 subtypes of ADA, “ADA-1” and “ADA-2.” High levels
of ADA-2 correlate with TB, and high levels of ADA-1
are associated with empyema [13]. Malignant effusions
show comparatively low levels of ADA. Such low levels
cannot be used to diagnose malignant effusion due to
the absence of biochemical relationship between them.
On the other hand, many studies showed that serum
LDH was high in malignancies with the well-studied
mechanism [12]. So these two markers who showed
negative and positive prediction of malignancy were
combined in an attempt to develop a predictor of malig-
nant pleural effusion. This ratio was significantly higher
in the malignant group versus the TB and para-
pneumonic groups.
The highest median value of pleural fluid lymphocyte

count was in the TPE group (median/range; 0.88/0.8–
0.95) followed by the MPE group (median/range; 0.5/0.4–
0.6), and the lowest value was in the PPE group (median/
range; 0.2/0.15–0.3) with a statistical significant difference
between the 3 study groups (P < 0.001) (Table 2). This
agrees with Verma et. al. [8] who reported that the median
lymphocyte count was higher in TPE than MPE (86% ver-
sus 61%, P < 0.007) and agrees with previous studies [14–
16]. TPE have been shown to be associated with high per-
centages of lymphocytes in the pleural fluid. One study re-
ported that 67% of patients with TPE have pleural
lymphocyte percentage of > 95% [17]. Again, another
study on TPE revealed that > 50% of leukocytes in pleural
fluid were lymphocytes with mean ± SD of 77 ± 19.9 and
median (range) of 80.5 (2–100%) [18]. Also, a larger study
including 382 patients with TPE revealed that median
lymphocyte percentage of total cells was 84% [19].
Lymphocyte predominance in 60–90% of cases of TPE
was also described in several other studies [20]. Lympho-
cyte count of < 50% may occur in TPE exceptionally in
only ∼ 5% [21]. So TPE represent the most frequent cause

Table 4 Comparison between AUC of each predictor

Paired test Area difference P

Cancer ratio vs serum LDH to pleural
fluid lymphocyte count

0.23 < 0.0001

Age vs serum LDH to pleural fluid
lymphocyte count

0.19 0.0003

Cancer ratio vs age − 0.03 0.38

Test of significance is paired chi square test, P considered significant if < 0.05

Table 5 Sensitivity, specificity, PPV, and NPV of cancer ratio and age at different cutoff points

Cutoff points Sensitivity (%) 95% CI Specificity (%) 95% CI LR+ LR− PPV(%) NPV(%)

Age > 39.5 100 0.9615 to 1.000 45 0.3134 to 0.5853 1.81 0.00 28 100

> 49 90 0.8260 to 0.9553 64 0.5036 to 0.7664 2.53 0.15 36 97

> 60.5 40 0.3042 to 0.5105 93 0.8271 to 0.9802 5.66 0.64 55 88

> 70.5 12 0.05989 to 0.1997 98 0.9045 to 0.9995 6.54 0.90 59 84

Cancer ratio >5.61 100 0.9615 to 1.000 27 0.1583 to 0.4030 1.37 0.00 23 100

> 7.93 90 0.8260 to 0.9553 54 0.3974 to 0.6701 1.95 0.18 30 96

> 9.89 82 0.7263 to 0.8910 75 0.6163 to 0.8561 3.28 0.24 42 95

> 13.39 70 0.5990 to 0.7921 93 0.8271 to 0.9802 9.83 0.32 68 93

> 16.02 61 0.5002 to 0.7056 96 0.8769 to 0.9956 16.99 0.41 79 92

> 18.26 47 0.3644 to 0.5739 100 0.9362 to 1.000 0.53 100 90

LR+ positive likelihood ratio, LR− negative likelihood ratio, PPV positive predictive value, NPV negative predictive value, CI confidence interval
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of pleural lymphocytosis especially when 80% of lympho-
cyte is chosen as the reference value [22]. The possible
mechanism of TPE is the interaction between Mycobacter-
ium tuberculosis and the immune system, causing hyper-
sensitivity reaction to mycobacterial proteins in the pleura
[14]. This forms the basis of the study due to the recipro-
cal change seen between pleural lymphocyte count and
serum LDH and pleural ADA in MPE. The incidence of
neutrophil predominance in MPE is low about 8% [23].
Regarding the median value of the cancer ratio, it was

higher in MPE (median/range; 18.03/10.87–29.73) than
TPE (median/range; 6.1/4.46–9.17) and PPE (median/
range; 8.7/6.79–11.79) groups with statistically signifi-
cant difference (P < 0.001), and this can be explained by
the higher value of LDH in serum and lower value of
ADA in pleural fluid (the components used to calculate
the cancer ratio) in the MPE than TPE and PPE groups.
Verma et. al. [7] reported that serum LDH and cancer
ratio can be used for differentiation between malignant
and non-malignant effusion and used a cutoff level of >
20 as highly predictive of MPE (whether lymphocytic or
neutrophilic). Again, Verma et. al. [8] mentioned that
MPE showed significantly higher cancer ratio in com-
parison with TPE. Combining the biomarkers to im-
prove the accuracy of tests in diagnosing pleural effusion
is not a novel idea. Diacon et al. [24] showed an in-
creased ADA specificity to 100% when combined with
pleural lymphocyte to neutrophil ratio (L:N ratio), in
comparison with 95% when used alone for diagnosing
TPE. Also, Burgess et al. [25] demonstrated improve-
ment in specificity of ADA from 81 to 95% by combin-
ing it with L:N ratio for diagnosing TPE.
In the present study, the cancer ratio plus showed sta-

tistically significant difference between MPE (median/
range; 40.13/24.68–60.88) and TPE (median/range; 8.06/
5.22–11.14) (P1 < 0.001), and this can be explained by
the higher level of cancer ratio and the relative lower
level of pleural lymphocyte count (the components used
to calculate the cancer ratio plus) in MPE in comparison
with TPE. The cancer ratio plus was also high in PPE
(median/range; 47.5/32.15–68.78) with the difference be-
tween TPE and PPE in cancer ratio plus also statistically
significant (P3 < 0.001) due to the very low level of
lymphocyte count in PPE in relation to TPE, while the
difference between MPE and PPE was statistically insig-
nificant (P2 = 0.5). So cancer ratio is more appropriate
in predicting MPE than cancer ratio plus. In contrast,
Verma et. al. [8] reported that the ROC-derived cutoff
level of “cancer ratio” allowed differentiating MPE from
TPE with sensitivity and specificity of 0.95 and 0.85 and
mentioned that the cutoff level of “cancer ratio plus” of
> 30 improved the sensitivity and specificity to 0.97 and
0.94, respectively. The positive likelihood ratio (PLR) at
this cutoff level was 41, while the negative likelihood

ratio (NLR) was found to be 0.06. PLR value of 41 signi-
fies that patients with cancer have about 41-fold higher
chance of having “cancer ratio plus” of > 30 compared
with patients without cancer. This makes the effusion
very likely to be malignant with a very high probability.
Also, they mentioned that NLR at this cutoff was found
to be 0.06 which suggests that if the “cancer ratio plus”
is < 30, the probability that this patient has cancer is 6%,
which is low enough to make the diagnosis of cancer
highly unlikely.
Serum LDH and pleural fluid lymphocyte count ratio

was statistically significant between our study groups (P
< 0.001) with higher values in MPE (median/range; 700/
506.8–950.4) and PPE (median/range; 1200/762.12–
1754.54) than in TPE (median/range; 271.11/216.49–
332.5), and this can be explained by the high serum
LDH level and lower pleural fluid lymphocyte count in
MPE in relation to TPE. Also, PPE is mainly neutrophilic
effusion. Multiple logistic regression analysis that was
adjusted using stepwise elimination methods for all pre-
dictors of malignant effusion pointed on age, “cancer ra-
tio,” “serum LDH to pleural lymphocyte count” as
significant positive predictors of MPE with P values <
0.001, 0.007, and 0.003 respectively (Table 3). This again
agrees with Verma et. al. [8] who mentioned that serum
LDH to pleural fluid lymphocyte count ratio was signifi-
cantly higher in MPE and can be used as a discriminat-
ing predictor between malignant and TB pleural
effusion, but they reported that the obtained sensitivity
and specificity from the ROC-derived cutoff level of >
800 were 0.63 and 0.85, respectively. These were less
than that of “cancer ratio” and “cancer ratio plus.” Also,
the AUC of 0.68 suggests that this ratio may not be use-
ful in clinical practice. This goes hand in hand with our
results that revealed that the AUC of cancer ratio and
age suggests good accuracy (88% and 84% respectively)
with P < 0.001 for both, while AUC for “serum LDH to
pleural fluid lymphocyte ratio” was fair to be accepted
(65%) and P value was 0.001 (Fig. 1). Also, the compari-
son between the AUC of significant predictors showed
that the difference of area between “cancer ratio” and
“serum LDH to pleural fluid lymphocyte ratio” was sig-
nificant, the same for the difference of area between age
and serum LDH to pleural fluid lymphocyte count ratio
(P < 0.0001 and 0.0003 respectively) (Table 4).
Cancer ratio showed a significantly higher value in MPE

patients in particular at a cutoff point of > 16.02 with sensi-
tivity of 61%, specificity of 96%, PPV of 79%, and NPV of
92%. The positive likelihood ratio (LR+) value was 16.99,
while the negative likelihood ratio (LR−) at this cutoff was
found to be 0.41. Also, age is predictive of malignant pleural
effusion at a cutoff point of > 60.5 with sensitivity of 40%,
specificity of 93%, PPV of 55%, and NPV of 88% (Table 5).
To determine the cutoff value, a compromise between
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sensitivity and specificity is required [26]. The high sensitivity
makes the test good for screening, but a highly sensitive test
has a greater tendency to give a high number of false-
positive results which may give false alarm for malignancy
and mental agony. A highly specific test gives more definitive
diagnosis, so we focused on high specificity with reasonable
sensitivity. The cutoff > 16.02 was considered as the best cut-
off for cancer ratio as the LR− (negative likelihood ratio) was
0.41 at this cutoff and LR+ (positive likelihood ratio) value
was 16.99 which suggests that malignant patients have about
16-fold higher chance of having cancer ratio (serum LDH to
pleural fluid ADA ratio) of > 16.99 compared with patients
without cancer. This high probability would be considered
high enough to consider an effusion very likely to be malig-
nant. On the other hand, NLR at this cutoff was found to be
0.41 which suggests that if the cancer ratio is < 16.99, the
probability that this patient had malignancy is low enough to
make the diagnosis of MPE unlikely.

Conclusion
This study described the ability of simple biomarkers
such as LDH in serum, ADA in pleural fluid, and
lymphocyte count in diagnosis of malignant pleural effu-
sion. These findings can help in rapid screening of pa-
tients with malignant pleural effusion in a simpler
manner, with no added cost or test. Cancer ratio was
found to be helpful in detecting MPE especially in pa-
tients with negative pleural fluid cytology. Cancer ratio
can be used as a guide in selecting patients in whom to
search for malignancy more actively. Also, it may help in
the identification of patients who may need pleural bi-
opsy to confirm the diagnosis of malignancy (cancer ra-
tio > 16.02). This study included prospective data which
was consistent with previous reports from other studies.
The limitations of this study include the following: (1)
other causes of lymphocytic exudative effusions such as
connective tissue diseases were not included in the study
to validate these results in this group of patients, and (2)
most patients with malignant pleural effusion had lung
cancer with few numbers of lymphoma cases and extra
thoracic malignancies. MPE associated with lymphoma
can also have high levels of ADA and mimic TPE, so
further studies including larger number of patients with
MPE from lymphoma are required. But MPE associated
with lymphoma is rare in comparison with TPE and
other causes of MPE.
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