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Abstract

Malignant pleural eftusion (PE) is a complication that often occurs in advanced cancer. The sensitivity of pleural fluid cytology is
reported to vary from 30 to 90%; therefore, the process is less clinically practical in certain conditioggg Thus, special biomarkers
are needed to distinguish malignant PE and nonmalignant PE. The aim of this study is to compare th egvel of vascular endothelial
growth factor-A (VEGF-A) in pleural fluid of patients with that in malignant and nonmalignant PE. Participants were divided into
2 groups: 19 patients with nonmalignant PE, and 34 patients with malignant PE. Both groups underwent pleural puncture
procedures and were examined for VEGF-A levels. Statistical analysis was performed using the paired test or Mann—Whitney
test. The ROC curve was employed to determine the VEGF-A cut-off value in malignant PE. The VEGF-A level in pleural fluid
of malignant PE group was 1940.77 £ 1016.54 pg/mL, while the nonmalignant group was 178.16 £192.01 pg/mL (p <0.001;
95% CI). The average VEGF-A level in malignant PE group with positive anatomic pathology results was 1.69+ 1008.15 pg/
mL, and negative was 1855.51 + 1045.35 pg/mL (p =0.612; 95% CI). The cutoff value for VEGF-A level n pleural fluid for the
diagnosis of malignant PE was 416.60 pg/mL with a sensitivity and specificity 5.29% and 84.22% respectively. Examination
of VEGF-A level in pleural fluid can be considered as a means of supporting the diagnosis of malignant PE.

Keywords Malignant - Nonmalignant - Pleural effusion - VEGF-A

Introduction

Malignant pleural effusion (PE) is the most common compli-
cation found in advanced cancer. Malignant PE cases are es-
timated to occur in more than 150,000 people each year in the
USA, and patients with complications or metastases from lung
cancer account for half of the cases [1]. Epidemiological
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studies showed there are 22% of malignant PE and 42% of
exudate PE. Epidemiological studies in Western countries
found three major causes of PE, namely malignant PE, heart
failure, and parapneumonic eftusion [2]. Malignant PE origi-
nates from primary pleural malignancies (e.g., mesothelioma)
p*mm pleural metastases from extrapleural malignancies.

ung cancer is the most common cause of malignant PE with
an incidence of 25-52%. Metastatic adenocarcinoma is a his-
topathological type of tumor that most often causes malignant
PE [3].

The diagnosis of malignant PE often faces problems.
Cuwrrent definitive method for diagnosing malignant PE is by
performing cytology examination on pleural fluid. In general,
the specificity of this procedure is high, but its sensitivity is
reported to vary from 30 to 90%. Therefore, the process is less
clinically practical in certain conditions. If the cytological ex-
amination is negative, a 7-12% diagnosis of malignant PE can
be made with pleural biopsy. Medical thoracoscopy is the next
diagnostic option in cases of exudative PE with a suspected
cause of malignancy. However, around 10% of PE cases fail to
establish the etiologic diagnosis after thoracoscopy, and more
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than 20% cannot be diagnosed after pleural fluid cytology and
pleural biopsy [4]. The medical thoracoscopy procedure is not
always available at all health facilities, and the examination
costs are quite high. More than 15% of patients with exudative
PE cannot be diagnosed with an etiological diagnosis after
pleural cytology and biopsy. Therefore, it is necessary to find
a fluid marker that can distinguish malignant and nonmalig-
nant PE [2].

The pathophysiology of malignant PE formation includes
mechanisms of pleural fluid dramage related to obstruction of
blood vessels and pulmonary as well as pleural lymphatic
systems. Lygpphatic tissue obstruction is caused by the spread
of tumors 1n the parietal pleural stomata and mediastinal
lymph node which results ?u'ucﬁon of fluid in the pleural
cavity. Barriers to fluid flow trom the pleural cavity are not the
only cause of PE formation [2, 3]. Malignant PE does not
always occur in some tumors causing lymphatic obstruction
[5]. Tumor cells secrete several vasoactive mediators that con-
tribute to the formation of malignant PE by increasing the rate
of leakage of blood vessels. Increased vascular permeability
results in excessive plasma leaka@gyThe main mediators that
play roles in vascular leakage are vascular endothelial growth
factor (VEGF) and angiopoietin [6]. Vascular cndcthqa]
growth factor-A (VEGF-A) is one of the cytokines that play
a role in the formation of malignant PE [7].

VEGF-A has two main functions, namely increasing vas-
cular permeability, and serving as the most important angio-
genic factor in various physiological and pat gical condi-
tions including infection. Bacterial infection causes an acute
inflammatory response associated with neutrophil influx, in-
creased vascular permeability, and edema. A study of neutro-
phil stimulation in vitro showed that bacterial infection also
induces VEGF-A secretion [8]. In addition to acute bacterial
infections, an increase in VEGF level is detected in granulo-
matous diseases, such as tuberculosis. Alveolar macrophage
stimulation in the tuberculosis infection process secretes var-
ious cytokines including VEGF. In tuberculosis patients, there
is an increase in serum VEGF levels compared with those of
mactive tuberculosis patients [9].

Biomarkers of the nature of VEGF are involved in normal
physiological processes and in many diseases, including in-
flammatory conditions and are essential for angiogenesis that
is a prerequisite for growth or healing. Pleural fluid contams
VE@F receptors, and many cells like macrophages 1@gsothe-
lial cells, infiltrating inflammatory cells, cancer cc]]s,lg;acmt
airway epithelial cells, type II alveolar cells, alveolar macro-
phages, infiltratir@neutrophils, and eosinophils of the lung—
all of which may contribute to VEGF accumulation in pleural
fluid [10, 11].

In the study, Matsuyama et al. [9] measured subsets of
VEGF in duplicate serum samples and characterized the sol-
uble isoforms VEGF 165 and VEGF 121. Their assays were
reported to be sensitive to the presence of just 9 pg/mL and
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were not affected by the presence of other cytokines like
platelet-derived growth factor (PDGF) and other homologous
markers. They found high titers in active pulmonary tubercu-
losis and related the falling titers over a period of 6 months,
with an improvement of PT. They also studied the Presence of
VEGF in macrophages of the lung specimens by histochem-
istry. Biomarkers thus can sometimes help in monitoring the
clinical course as is well known with others such as CRP,
ProCal, etc. In a controlled blinded prospective study, Shu
et al. [4] estimated VEGF in both serum and pleural fluid
simultaneously and evaluated them agamst the standard of
clinical evaluation by pleural cytology and pleural biopsy.
They found that after “using receiver operating characteristic
anglygis” the cutoff values of VEGF levels in PE and serum to
be 959.25 pg/mL and 212.36 pg/mL respectively for diagnosis
of malignant PE (sensitivity 47%, 69% and specificities of
98% and 86% respectively). In other words as a diagnostic
test, it 1s inadequate and at best can be an expensive test to aid
a diagnosis awaiting confirmation by other means.

This stua measured VEGF-A level in pleural fluid of pa-
tients with malignant PE related to lung cancer, and patients
with nonmalignant PE related to the infection ggocess, as well
as assessing the difference between the two. ﬁje aim of this
study is to determine otential of VEGF-A level in pleural
fluid as a biomarker n the diagnosis of malignant PE and
provide a pathophysiological picture of malignant PE related
to lung cancer and nonmalignant PE related to infection.

Methods

Participants in this study were patients with PEﬂ)r. Soetomo
General A Hospital, Surabaya, Indonesia. The inclusion
criteria were patients aged > 16 years old with malignant PE
diagnosis (lung cancer) and patients diagnosed with nonma-
lignant PE (pneumonia and/or lung tuberculosis). Patients
with malignant PE receiving chemotherapy and empyema pa-
tients were excluded from this study. The participants filled
the consent form before the study. The diagnosis of lung can-
cer used standard diagnosis in Dr. Soetomo General Academic
Hospital, Surabaya, Indonesia [12, 13].

A cross-sectional method wgpgmployed with a consecu-
tive sampling technique. The study was conducted in Dr.
Soetomo General Academic Hospital August to
December 2018. A total of 53 participants were divided into
two groups: malignant PE group consisting of 34 patients and
non-malignant PE group consisting of 19 patients (Fig. 1). All
participants were examined for VEGF-A level in pleural fluid,
followed by a comparative analysis between the two groups.
This study was reviewed by the ethical committee and has
received approval (0609/KEPK/Tx/2018) before its conduct.

The examination of VEGF-A level was conducted follow-
ing the thoracentesis procedure. The pleural fluid was
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Fig. 1 Subject sampling

Pleural effusion patients
in August — December 2018
(n=139)
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obtained by firstly determining the position of the lung where
PE took place. 'q: a needle was inserted to a point in the
midaxillary line m the 6th, 7th, or 8th intercostal [14]. In the
case of minimum PE, the thoracentesis procedure was assisted
with ultrasonography guidance [15]. Pleural fluid was obtain-
ed with a volume of 20 cc, placed in a tube and centrifuged for
10 min. The supernatant was extractggiand stored in a fridge at
18-25 °C. The VEGF-A serum was measured using a
Sandwich Enzyme-Linked Immunosorbent Assay (ELISA;
system R&D, USA), and was read at 450 nm in a 680XR
mi@plate reader (Biorad, USA) [16].

Ercsu]ts were presented in the form of mean + standard
deviation (SD). Statistical analysis was performed using the
paired ¢ test or Mann—Whitney test (CI 95%; p <0.05).
Kolmogorovg@mimov test was employed to examine data
distribution. @ceiver operating characteristics (ROC) was
employed to determine the cutoft value of VEGF-A in malig-
nant PE patients. The ROC was obtained by measggimg sensi-
tivity and specificity values of malignant PE. SPSS
Statistics software version 23.0 (IBM Corp., Armonk, NY,
USA) was used for statistical analysis.

Results
Characteristics of the Participants

Participants were divided into two groups: malignant PE (34
patients; 54.15%) and nonmalignant PE (19 patients:
35.85%). Most participants were female patients, consisting
of 52.64% in nonmalignant group and 55.88% in malignant
group. The average age of the participants was 53.58 +
13.53 years old, ranging from 16 to 81 years old. Most partic-
ipants in nonmalignant group attended senior high school
(36.84%), followed by elementary school (26.31%). On the
other hand, most participants in malignant group were ele-
mentary school graduates (38.23%), followed by senior high

school graduates (32.35%). In terms of occupation, house-
wives consisted of 26.31% in nonmalignant group and
44.12% in malignant group. In terms of smoking status, most
participants were non-smokers(32 patients,60.38%; Table 1).

For the diagnosis of participants, out of 34 malignant PE
patients, 29 patients were diagnosed with adenocarcinoma
(85.29%), 1 patient with adenosquamous carcinoma
(2.94%), 3 patients with squamous cell carcinoma (8.82%),
and 1 patient with small-cell carcinoma (2.94%). In the non-
malignant group, there were 17 patients with tuberculous PE
(89.47%), 1 patient with pneumonia (5.26%), and 1 patient
with pneumonia + tuberculosis (5.26%).

Results of Pleural Fluid Analysis

The average number of cells in the nonmalignant group
(2433.11 £ 2463.30/ul) was higher than the malignant group
(1876.82 + 1808.00/ul). On the other hand, the average num-
ber of mononuclear (MN) in the nonmalignant group (69.84 +
32.09%) was lower than the malignant group (75.17 +
28.65%). The average protein content in the two groups
showed nearly similar values. Statistics comparisons of the
cell, MN, and protein amount were not significant. A signifi-
cant comparison between nonmalignant and malignant groups
was found for glucose content (p=0.024) and lactic acid
dehydrogenase/LDH (p =0.025; Table 2).

The pathology examination of pleural fluid in terms of
cytology in malignant group showed 13 positive patients
(38.23%) and 21 negative patients (61.77%). On the other
hand, pathology anthology examination on cell block found
18 negative participants (52.94%) and 16 positive participants
(47.06%).

VEGF-A Level in Pleural Fluid

The average VEGF-A level in pleural fluid of malignant and
non-malignant groups were 1940.77+1016.54 pg/mL and
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Table 1 Characteristics of

participants Characteristic Non-malignant (%; n=19) Malignant (%: n=34) P
Sex
Male 9(47.36) 15 (44.12) 0287
Female 10(52.64) 19 (55.88)
Age (year)
Mean = 5D 47.74+£14.99 56,85+ 11.63 0.089
{n—max 16-71 33-81
ucation
Elementary school 5(2631) 13 (38.23) -
Junior high school 3(15.79) 3(8.82)
Senior high school 7 (36.84) 11(32.35)
Non-degree 4 (21.06) T(20.60)
Diploma/Bachelor degree
Occupation
Civil servant 1(5.26) 6(17.65) -
Housewife 5(2631) 15 (44.12)
Seller 2(1052) 6(17.65)
Office staff 3(15.79) 1(2.54)
Construction worker 1(5.26) 1{2.94)
Factory worker 1(5.26) 0 (0.00)
Workshop worker 0 (0.00) 1{2.94)
Farmer 1(5.26) 2(588)
Nurse 1(5.26) 0(0.00)
Student 2(1052) 0(0.00)
Driver 1(5.26) 0(0.00)
Unemployed 1(5.26) 2(5.88)
Brinkman index
Mild 1(5.26) 0(0.00) -
Moderate 7 (36.84) 4(11.76)
Severe 1(5.26) 8(2353)
Non-smoker 10(52.63) 22(64.71)

178.16 £192.01 pg/mL respectively (p < 0.001; Fig. 2). In the
malignant group with positive anatomic pathology values, the
VEGF-A level was 2036.69 £ 1008.15 pg/mL, while the
VEGF-A level in negative anatomic pathologies was
1855.51 + 1045.35 pg/mL (p=0.612).

Table 2  Analysis of pleural fluid

Non-malignant

(=19

Malignant (n =34) p

Cell amount (/ul) 2433.11 + 2463.30 1876.82 + 1808.00 0.351

MN (%) 69.84 + 32.09 T5.17 + 28.65 0911
Glucose (mg/dl) 85.63 £ 31.99 119.06 = 57.51 0.024*
Protein (g/dl) 4.62 + 136 4.66 + 1.30 0.903

LDH (UA) 675.89 & TR6.76 1303.32 £ 1378.10  0.025%

MN, mononuclear; LDH, lactate dehydrogenase; *significant < 0.05

@ Springer

Cut-off, Sensitivity, and Specificity Values of VEGF-A
in Pleural Fluid of Patients with Malignant Pleural
Effusion

The cut-off value lay in the area under 0.963, where the inter-
section point between sensitivity and specificity was at point
22 with a VEGF-A value of 416.60 pg/mL (Fig. 3). The
VEGF-A sensitivity and specificity values in this study were
85.29% and 84.22% respectively. Positive predictive value
(PPV) of VEGF-A in this study was the number of samples
in malignant PE group with VEGF-A levels = cutoff values
among all samples with VEGF-A levels > cutoff values.
Meanwhile, the negative predictive value (NPV) of VEGF-
A in this study was the number of samples in nonmalignant
PE group with VEGF-A levels < cutoff values among all
samples with VEGF-A levels < cutoff values. The values of
PPV and NPV VEGF-A in this study were 93.55% and
76.19% respectively.
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Fig. 2 VEGF-A level in pleural
fluid of patients with malignant
and nonmalignant pleural
effusion (p <0.001; C195%)
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Discussion

This study found that adenocarcinoma was the major profile
causing malignant PE. Some studies suggested that most ma-
lignant PE occurs in adenocarcinoma [ 17]. Malignant PE 1s an
early clinical sign that is generally found in lung adenocarci-
noma patients, with a high EGFR mutation level particularly
in exon 21 L858R mutation [18].

This study found significant differences n PE fluid between
the two groups, especially in glucose and LDH levels. These
significant differences might be due to tuberculosis related ef-
fusion in most participants in the nonmalignant group.
Measurement of pleural fluid glucose levels (< 60 mg/dL)

1.0

[
0.8+

0.6 4

0.4 1

Sensitivi

0.2 4

0.0 T T T
0.0 0.2 0.4 0.6 0.8 Lo

Specificity

Fig. 3 ROC curve of VEGF-A level in pleural fluid

T
Malignant pleural effusion Non-malignant pleural effusion

could indicate a diagnosis of parapneumonic PE, malignancy,
theumatoid disease, or tuberculous pleurisy [19]. Malignant PE
and tuberculosis-related PE have a similar characteristic of
pleural fluid analysis profile that is exudative lymphocytic pre-
dominant. In addition, glucose level m tuberculosis-related PE
was found to be at a lower level of 4.33 mmol/L compared with
malignant PE of 6.22 mmol/L [20]. Lactic acid dehydrogenase
is a marker of non-specific inflammation that increases in both
tuberculosis and cancer. In cancer, a higher LDH increase gen-
erally indicates a wideleuml inflammation process and the
presence of blood cells m the pleural cavity [ 1

The standard diagnosis of malignant PE is the presence of
malignant cells in pleural fluid cytology. The specificity of
pleural fluid cytology is generally high, but its sensitivity is
reported between 30 and 90@[21]. Therefore, a biomarker is
needed to help the diagnosis of malignant PE. In this study, the
participants of malignant PE with positive pleural fluid anat-
omy pathology were 47.06% with cell block examination.
This number was higher compared with the results of positive
anatomic pathology with pleural fluid cytology examination
01 38.23%. Cell block method has a higher sensitivity and can
maintain tissue pattems, and the block can be stored for further
staining or immunohistochemistry. Shivakumarswamy’s
study compared the interpretation of pleural fluid anatomical
pathology samples with cytology and cell block smears. The
cell block showed cellular features with glandular pattems,
cell layers, clusters, and cell balls. On the other hand, the
cytology smear method showed the pattem of a spread-out
single cell. The cell block method can also maintain the struc-
ture of the nucleus, cytoplasm, cell membranes, and chromatin
details. Furthermore, it can increase the diagnosis of anatomic
pathology by 15% compared with that of pleural fluid cytol-
ogy. This study found an increase in the diagnosis of pleural
fluid anatomy pathology by 9% [22].
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In this study, malignant PE had significantly higher VEGF-
A pleural fluid level than patients with nonmalignant effusion.
Several previges studies stated that VEGF-A levels were con-
sistently and significantly higher in malignant PE than non-
malignant PE. A study conducted by Jia et al. compared the
value of VEGF-A serum in lung cancer, gastric cancer, and
non-cancerous diseases. The study found that VEGF-A level
in lung cancer pleural fluid was 457.54 pg/mL, while nonma-
lignant PE was 124.48 pg/mL [7]. Kim et al., in their study,
compared pleural fluid VEGF levels in PE related to lung
cancer and PE related to tuberculosis. The study obtained
VEGF level in malignant PE was 2091.47 + 1624.80 pg/mL;
and in tuberculosis group, 1291.05 £ 110.53 pg/mL [17].

The VEGF-A values of participants with positive pleural
fluid anatomy pathology were higher than fggse with negative
pleural fluid anatomy pathology, although the difference was
not statistically significant (p> 0.05). Patients with various
types of lung cancer, especially non-small cell carcinoma
(NSCC), generally have elevated VEGF expression in cancer
cells. Several local cancer factors
growth, and hormonal factors can copibute to the induction
of VEGF expression in cancer cells. wth factors include
epidermal growth factor, transforming growth factor, and
insulin-like growth factor. Increased VEGF in malignant PE
can also be related to the interaction of VEGF and VEGFR
that stimulates cancer cells and mesothelial cells to secrete
VEGF. Il?lsed VEGF-A level in pleural fluid is not only
related to the presence of mgf t cells in PE, but also relat-
ed to local cancer factors, mesothelial cells in malignant PE
conditions that also secrete VEGF-A, and interactions be-
tween VEGF and VEGFR [7, 17, 23].

The VEGF-A value of >416.60 pg/mL that correctly clar-
ified patients with malignant PE was in fact around 85.29%.
On the other hand, the VEGF-A value of <416.60 pg/mL that
confirmed patients with PE instead of tuberculosis, according
to the finding was 84.22%. A study by Jia et al. used median
levels of VEGF-A level in pleural fluid with a cutoft value of
406.19 pg/mL, followed by survival time analysis, and obtain-
ed that patients with pleural fluid VEGF-A level of >
406.19 pg/mL had a relatively shorter survival time rate al-
though not statistically significant (p =0.066) [7]. In Zhou
et al.’s study, the comparison of VEGF pleural fluid in malig-
nant PE and pleural tuberculosis effusion resulted in sensitiv-
ity and specificity data of 71% and 61% respectively [24]. The
difference in sensitivity and specificity values of this study
compared with that of other studies could be caused partly
by the differences in the characteristics and number of

h as hypoxia, numerous

samples.

This study found that positive predictive value and negative
predictive value of VEGF-A level in pleural fluid were 93.55%
and 76.19% respectively. These values indicated that the
VEGF-A value of >416.60 pg/mL could correctly predict tu-
berculosis PE patients at 93.55%, while the VEGF-A value of
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<416.60 pg/mL could predict that a person does not suffer from
a nonmalignant PE at 76.19%.

The limitation of this study 1s the diagnosis in the impure
nonmalignant pleural effusion group using bacteriological ex-
amination results, but non-bacteriological assessment based
on clinical symptoms, radiological results, and/or participant
pleural fluid analysis. In addition, the grouping of pleural fluid
types does not use Light’s criteria [25].

Conclusion

This stugy found a significant comparison between VEGF-A
level in pleural fluid of patients with malignant and nonma-
lignant PE, where the VEGF-A levggvas higher in malignant
PE than nonmalignant. There were no significant differences
in VEGF-A levels in malignant PE patients with positive and
negative anatomic pathol@®g results. The sensitivity and spec-
ificity of VEGF-A level mn pleural fluid for the diagnosis of
malignant PE were 85.29% and 84.22% respectively, with a
cutoff value of 416.60 pg/mL. The VEGF-A examination in
pleural fluid can be considered as a means of supporting the
diagnosis of malignant PE.
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