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May Biochemical Variables and Pleural Fluid Cell Count
Be Used in the Benign-Malign Differentiation of Pleural
Effusions Associated with Lung Cancer?
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ABSTRACT

Objective: Pleural effusion is frequently encountered in patients with lung cancer. Malignant-benign differentiation of the fluid is very important
for treatment decision because malignant fluid is considered as the inoperability criterion. However, this distinction is not clinically feasible
and may require a cytological examination of the fluid via invasive procedures. The aim of this study was to determine whether there was any
difference between laboratory results of malignant and benign pleural fluids.

Methods: We retrospectively evaluated 135 patients with cytologically diagnosed lung cancer and underwent benign-malignant differentiation
of pleural effusion. Benign and malignant groups were compared in terms of fluid biochemistry, blood gas and cell count.

Results: One hundred four patients were male, 31 were female and the mean age was 63.5+11.4 years. Histologically adenocarcinoma was
determined as the most common (56%). Right pleural effusion was present in 58.5% of the patients. Malignant effusion rate was higher in
females (malign/benign; female: 21/10, male: 48/56). Albumin, protein, erythrocyte count (RBC) and hematocrit (HCT) values in pleural fluid
were higher in the malignant group (p=0.001, p=0.018, p=0.009 and, p=0.016, respectively). Cut-off value for albumin: 2.85 and odds ratio
(OR): 2.02; for HCT 4.7 and OR: 6.25; for RBC 300 and OR: 6.25; for protein 4.45 and OR: 2.08.

Conclusion: In our study, we found that the values of albumin, HCT, RBC and protein in pleural fluid were higher in malignant pleural
effusion.
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Introduction in the form of exudate can occur during the course of both

malignant and benign lung diseases. Approximately 42-72% of all
exudative effusions develop secondary to malignant diseases (2,3).
All cancers, especially lung cancers, metastasize to pleura and can
cause effusion formation. In the initial evaluation of patients with

Pleural effusion is a common clinical problem that can occur
due to systemic, pulmonary, and pleural pathologies (1).
Evaluation of effusion in terms of transudate-exudate helps to

differentiate systemic and pulmonary causes. The effusion in the
form of transudate is often formed due to systemic causes such
as congestive heart failure and liver cirrhosis, while the effusion

lung cancer, pleural effusion is present in approximately 15%
of the patients. During the course of the disease, in 50% of the
patients with diffuse lung cancer, pleural effusion develops (4).
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Detection of malignant pleural effusion in a patient with
lung cancer is considered as Mla in staging and means stage
4 (inoperable) cancer (5). However, every effusion detected in
patients with cancer is not malignant. Pleural effusion can develop
due to secondary causes without malignant pleural involvement
in lung cancer. These effusions, called as paramalign effusions,
are not considered as malignant pleurisy. Paramalign effusion
can also be seen due to postobstructive pneumonia, atelectasis,
chilotorax, pulmonary embolism and hypoproteinemia (6).
Therefore, in a patient with cancer, the differentiation between
benign and malign effusion is of great importance. In order
to achieve the correct diagnosis, fluid or tissue samples taken
from the pleural space should undergo cyto/histopathological
examination. However, this distinction is not always easy. The
proportion of patients getting a diagnosis with various analyses
of pleural fluid sample, including cytological examination, is
between 50-60% and it may be necessary to obtain pleural tissue
with invasive methods (2).

In this study, it was aimed to investigate the contribution
of biochemical tests and cell analysis performed as standard
procedures in pleural fluid sample before invasive methods in the
separation of paramalign (benign)-malignant pleural effusion.

Methods

Patient Selection

The study was designed as a retrospective case series. The study
was carried out in patients with lung cancer and pleural effusion
who were followed up for the last 5 years. One hundred and
thirty five patients with cytologic diagnosis of lung cancer, with
an accompanying exudative pleural effusion of which benign-
malignant separation was definitively made cytologically
(thoracentesis was performed at least 2 times and in addition
closed biopsy was performed) and in which biochemical tests,
blood gas test and cell count were performed, were included in
the study. Patients with chylothorax, pseudochylothorax, pleural
effusion in the form of transudate and empyema were excluded:
one patient with chylothorax had a history of prior trauma,
in 1 patient with pseudochylothorax, it was detected that the
patient had pleural fluid before the diagnosis of lung cancer, the
content of fluid was intense in patients with empyema, pleural
effusion in the form of transudate was related with additional
diseases and was not related with lung cancer. Age, sex, type of
lung cancer, cytology of fluid, blood gas, biochemistry (albumin,
lactate dehydrogenase, protein), erythrocyte count (RBC),
hematocrit (HTC) value, and cell count were recorded in all
patients. Biochemical tests were performed with Roche-Hitachi
Cobas 8000 and 6000, blood gas with Radiometer ABL 700 and
hemogram with Beckman-Coulter AV 47160 LH 780 devices.
Cytologic examination of fluids was performed as follows: fluid
samples, taken by thoracentesis, were centrifuged at 700 rpm in
Cytospin 4 device for 5 minutes following being painted with
Giemsa and hematoxylin and eosin. This study was approved by
the University of Health Sciences, Izmir Dr. Suat Seren Chest
Diseases and Chest Surgery Training and Research Hospital,
Clinic of Chest Diseases (number: 49109414/806.02.02).

Statistical Analysis

Statistical analysis was performed using SPSS 18. In all
comparisons, type 1 error margin was determined as alpha: 0.05
and was tested in two directions. Chi-square test was used to
compare categorical variables and Mann-Whitney U test was
used to compare continuous variables. The receiver operating
characteristic (ROC) curve analysis was performed and cut-off
values were determined for variables of biochemical and cell
count tests that were found significant. Specificity and sensitivity
values were given in the diagnostic tests, according to these cut-

off values.

Results

One hundred four males and 31 females were included in the
study and the mean age of the patients was 63.58+11.45 years.
There was no difference between malignant and benign groups
in terms of gender and location of pleural effusion (p=0.057 and
p=0.20, respectively) (Table 1).

Pleural effusion albumin level [1.91+0.88 vs 2.3+0.61 gr/dL
(p=0.001)], protein level [3.7+1.4 vs 4.2+1 gr/dL (p=0.018)],
RBC [58.1£174 vs 393+641 (p=0.009)] and HTC level
[1.3+3.08 vs 3.79+5.38 (p=0.016)] were significantly higher in
the malignant group than in the benign group. There was no
significant difference between the benign and malignant groups
in terms of other biochemical tests, arterial blood gas, hemogram

and age (Table 2).

Table 1. Demographic features and etiologies of the

patients
Variables Values
Number (n) 135
Age (mean + SD) (years) 63.58+11.45
Gender (n) (male/female) 104/31

Adenocarsinoma

Lung cancer (malignant cytologic diagnosis) (56%)

Squamous cell carcinoma (20%)

SCLC (15%)
NSCLC (8%)
Male (n) (%) 56 (53.8%)
Benign Female (n) (%) 10 (32.3%)
Male (n) (%) 48 (46.2%)
Malignant Female (n) (%) 21 (67.7%)
Right (malignant/benign) 43/36
(n)
Left (malignant/benign) (n) 16/24
Localization of ; )
pleural effusion Bilateral (malignant/ 10/6

benign) (n)

SCLC: small cell lung cancer; NSCLC: non-small cell lung cancer; SD: standard
deviation
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Variables

Age (years)

Albumin (blood) (g/dL)

Glucose (blood) (mg/dL)

Lactate dehydrogenase (blood) (U/L)

Protein (blood) (gr/dL)

Albumin (fluid) (g/dL)

Glucose (fluid) (mg/dL)

Lactate dehydrogenase (fluid) (U/L)

Protein (Fluid) (g/dL)

PH (blood gas)

pO, (blood gas) (mmHg)
pCO, (blood gas) (mmHg)
pH (Fluid)

pO, (fluid) (mmHg)

pCO, (fluid) (mmHg)
Leukocyte (blood) (uL)
Erythrocyte (blood) (M/uL)
Hemoglobin (blood) (gr/dL)
Hematocrit (blood) (%)
Leukocyte (Fluid) (uL)
Erythrocyte (Fluid) (M/uL)
Hemoglobin (fluid)

Hematocrit (Fluid)

Table 2. Intra-group means and intergroup comparisons

Cytology

Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign
Malignant
Benign

Mean £ SD

65.1+11.4
61.9£11.3
3.2+0.44
3.1+0.63
127+59
116+31
368+506
3471415
6.5+0.7
6.4+0.9
2.3+0.61
1.91+0.88
100+67
79160
1430+3482
2056+3522
4.2+1
3.7¢1.4
7.43+0.06
7.44+0.09
72.4+20.8
83.8+35
39+8.4
37.5+8.7
7.30£0.15
7.24+0.29
107+43.6
99.6+40.4
51+16.2
59.4+51.5
10024+3745
11121+£5564
42961642
4106+710
11.9+2
11.5£2.1
36.31£5.6
35.546.6
2629+3938
323144254
3931641
58.1+174
1.08+1.51
0.38+0.96
3.79+5.38
1.3+£3.08

PO,: partial oxygen pressure; PCO,: partial carbon dioxide pressure; SD: standard deviation
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Median (Minimum-maximum)

66 (40-87)

62.5 (20-84)
3.3(2.1,3,8)

3.05 (1.8, 4.5)

112 (57-396)

114 (64-214)

259 (115, 3211)
259 (115, 3211)
6.6 (5,8.2)

6.4 (3.8,8.1)
2.5(0.6,3.8)
2(0,3.7)

92 (1, 386)

89 (0, 242)

560 (57, 25781)
567 (77, 17000)
4.4(1.3,6.3)

4.05 (0.2, 7.6)
7.43 (7.24, 7.54)
7.45 (6.9, 7.59)
67.5 (23, 140)

72 (27, 216)

36 (26, 67)

38 (18, 67)

7.36 (6.9, 7.55)
7.36 (6.27, 7.49)
117.5 (20, 181)
105 (0.1, 163)

50 (17, 92)

46.5 (30, 383)
9300 (4400, 20900)
9600 (1180, 32000)
4400 (3000, 5700)
4050 (2800, 5800)
12 (7.4,17.3)
11.35 (8, 16.3)
37.1(23.4, 45.9)
35.25 (23.8, 55)
1500 (300, 17300)
1750 (300, 13300)
30 (0, 1900)

0 (0, 700)
0.3(0,5.1)

0.1 (0, 3.9)

1(0, 15.6)
0.1(0,12.2)

p value

0.141

0.061

0.760

0.797

0.226

0.001

0.215

0.772

0.018

0.092

0.105

0.365

0.837

0.262

0.528

0.251

0.101

0.160

0.348

0.885

0.009

0.064

0.016
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Table 3. Sensitivity and specifity values for albumin, hematocrit, protein and erythrocyte

Variables Cut-off value Sensitivity (%)
Albumin 2.85 80.6

Protein 4.45 50.72
Erythrocyte 300 70.59
Hematocrit 4.7 70.59

PPV: positive predictive value; NPV: negative predictive value

ROC Curve
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Figure 1. Threshold values for albumin, hematocrit, protein

and erythrocyte
ROC: receiver operating characteristics

The cut-off value for albumin was 2.85 and odds ratio (OR):
2.02, for HTC 4.7 and OR: 6.25, for RBC 300 and OR: 6.25,
for protein 4.45 and OR: 2.08 (Figure 1).

Among determined variables, the highest sensitivity was found in
albumin (80.6%) and the highest specifity was found in protein
(31.82%) (Table 3).

Discussion

Malignant pleural effusions are one of the most common
causes of exudative pleural fluids; approximately 42-72% of all
exudative fluids develop secondary to malignant diseases (2).
Lung cancer causes 40-50% of all malignant pleural effusions.
Cancer metastasizes to pleura by lymphatic or hematogenous
way or by direct invasion. However, it is not yet clear by which
mechanism cancer cells cause the formation of fluid in the pleura.
The most common accepted mechanisms are increased vascular

permeability and impaired drainage (7,8).

Macroscopic features of malignant pleural effusion are
not specific. Malignant pleural effusion may be serous,
serosanguinous, or hemorrhagic. Hemorrhagic effusions suggest
direct pleural involvement. Serous effusion often occurs after
lymphatic obstruction or atelectasis due to endobronchial
lesion. In all studies conducted to date, tumor markers and
other biochemical tests in pleural fluid have been shown to be
inadequate in differential diagnosis. Besides, it is stated that
biochemical analysis is not reliable in the differentiation between

Specifity (%) PPV (%) NPV (%)
10.61 47.79 35.00
31.82 43.75 38.18
6.25 44.44 16.67
6.25 44.44 16.67

malignant and bening (9). Therefore, cytological examination
is used to differentiate malignant from benign pleural effusions.
However, in only half of patients, malignant cells are detected in
cytological examination (10). Advanced invasive procedures are
required for patients who cannot be diagnosed with cytological
examination. Although macroscopic appearance of fluid does
not have a diagnostic role, it is likely that hemorrhagic and
exudative fluids are malignant. Therefore, in patients with lung
cancer, exudative and hemorrhagic fluids should be considered
as malignant fluids unless proven otherwise (11). In our study,
it was found that in pleural fluid, increased albumin and protein
levels which were associated with exudate and increased RBC and
HTC levels which were associated with hemorrhagic appearance
increased the likelihood of malignant effusions. P values for
albumin, protein, RBC and HTC were p=0.001, p=0.018,
p=0.009 and p=0.016, respectively.

In approximately one-third of patients with malignant pleural
effusion, at time of diagnosis, pH of pleural effusion varies
from 6.95 to 7.29 and glucose concentration is low (10). In our
study, we found that pH was more acidic in malignant effusions
but statistically there was no difference between benign and
malignant groups in terms of pH of effusion (p=0.837). Also,
there was no difference between benign and malignant groups in
terms of glucose of effusion.

Although lung cancer is more common in males, malignant
pleural effusion is more common in females (12,13). In our study,
we found that malignant pleural effusion was more frequent in
females than in male patients, although we had more males than
females. Malignant effusion was detected in 68% of females and
46% of males in our study.

Pleural effusion associated with malignant disease is usually
seen over 50 years of age (14,15). When age trends of patients
with malignant effusion were examined, 83% of patients were
reported to be over 50 years of age (2). In our study, the mean
age was 65 years in patients with malignant effusion, while the
mean age was 62 years in patients with benign effusion, but the
difference was not significant.

The diagnostic value of cytologic examination of pleural effusion
varies according to the type of cancer. The highest diagnostic
value was in adenocarcinoma, and this rate was lower in
squamous cell carcinoma (16). Adenocarcinoma was found in
56%, squamous cell carcinoma in 20% and small cell carcinoma
in 15% of our patients.
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When evaluated in terms of the placement of effusion, 62.5%
of bilateral effusions, 54.4% of right effusions and 40% of
left effusions were found to be malignant. In total, higher rate
of malignancy in pleural effusions in the right side could be
explained by the fact that much more of lymphatic drainage of
the lung is drained to the right side.

In our study, cut-off values were calculated by using ROC
curve analysis for albumin, protein, RBC and hemotocrit,
which were statistically significant in malignant effusions. As
expected, sensitivity and specificity values in all parameters were
far from diagnostic efficiency. However, it was confirmed that a
fast forward and invasive examination should be performed in
exudative and hemorrhagic effusions.

Study Limitations

The limitation of our study was that it did not contain sufficient
information about the etiological causes of benign effusions,
arising from its retrospective nature. The knowledge of etiology
of benign effusion may guide the detection of false negativity
rates. Since the study was retrospective, there were deficiencies
in the demographic data (additional diseases, smoking history)
of the patients.

The strong aspect of our study was that it contributed to data
which are known to be insufficent in our country in this field.

Conclusion

Pleural effusion in patients with lung cancer is more likely to be
malignant in females with an advanced age, with effusion localized
in the right, with exudative and hemorrhagic effusion and with
adenocarcinoma cell type. Apart from invasive methods, studies
investigating biochemical markers that will detect metastatic
pleural effusions will contribute to the elimination of diagnostic
difficulties in this area.
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