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Abstract

Malignant pleural effusion (PE) i a complication that often oceurs in advanced cancer: The sensitivity of pleural fluid cytology is
reported to vary from 30 to 90%:; therefore, the process 1% less clinically practical in certain conditions. Thus, special biomarkers
are needed to distinguish malipnant PE and nonmalignant PE. The aim of this study is to compare the level of vasealar endothelial
growth factor-A (VEGF-A) in pleoral fluid of patients with that in malignant and nonmalipnant PE. Paricipants were divided into
2 groups: 19 paticnts with nonmalignant PE, and 34 paticnts with malignant PE. Both proups underwent pleoral puncture
procedures and were exammed for VEGE-A levels. Stafistical analysis was porformed using the paimed test or Mann-Whitney
test. The ROC curve was employed to determine the VEGF-A cut-off value in malignant PE. The VEGE-A level in pleoral fluid
of malignant PE group was 1940.77 + 101654 pg/mL. while the nonmalignant group was 17816+ 19201 pg'mL (p<0.001:
95% CI). The average VEGE-A level in malignant PE group with positive anatomic pathology results was 2036.69 + 100815 pg/
mL. and negatrve was 1855.51 + 1045.35 pg/mL (p = 0.612; 95% CI). The cutoff valuc for VEGF-A level in pleural flind for the
diagnosis of malignant PE was 41660 pg'mL with a scnsitivity and specificity of 85.29% and 84.22% respectively. Examination
of VEGF-A level in pleural fluid can be considercd as a means of supporting the diagnosis of malignant PE.

Keywords Malignant - Nonmalignant - Pleural offusion - VEGF-A

Introduction

Maliznant pleural cffusion (PE) 15 the most common comph
cation found in advanced cancer. Malignant PE cascs arc cs
timated to oocur in more than 150,000 people cach year in the
LIS A, and paticnts with complications or metastases from lung
cancer account for half of the cascs [1]. Epidemiological
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studics showed there are 22% of malignant PE and 42% of
cxudate PE. Epidemiological studics in Western countrics
found threc major causcs of PE, namely malignant PE, heart
fatlure, and parspneumonic cffusion [2]. Malignant PE origt
natcs from pamary pleural malignancics (c.g., mesothclioma)
or from plcural metastases from extrapleural malignancics.
Lunyg cancer 1s the most common cause of malignant PE with
an incidence of 25-52%. Metastatic adenocarcinoma is a his
topathologieal type of tumor that most often causes malignant
PE [3].

The diagnosis of malignant PE often faces problems.
Current definitive method for diagnosing malignant PE is by
performing cytology examination on pleural flmd. In gencral,
the specificity of this procedure is high, but its scnsitivity is
reported o vary from 30 to 909, Thercfore, the process s less
clinically practical in cortam conditions. If the eytological ex
amination is negative, a 7- 1 2% diagnosis of malignant PE can
be made with pleural biopsy. Medical thoracoscopy 15 the next
diagnostic option in cases of cxudative PE with a suspected
causc of malignancy. However, around 1Y% of PE cascs fail to
cstablish the ctiologic diagnosis after thoracoscopy, and more

&) Springa:
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than 209% cannot be diagnosed after pleural fluid eytology and
plearal biopay [4]. The medical thoracoscopy procedure is not
always available at all health facilitics, and the cxamination
costs arc quite high. More than 15% of patients with exudative
PE cannot be diagnosed with an ctiological diapnosis after
pleural eytology and biopsy. Therefore, it is neeessary to find
a fluid marker that can distinguish malignant and nonmalig-
nant PE [2].

The pathophysiology of malignant PE formation includes
mechanisms of pleural flhud drinage related to obstruction of
blood vesscls and pulmonary as well as pleural lymphatic
systems. Lymphatic fissuc obstruction is caused by the spread
of tumors in the panctal pleural stomata and mediastinal
lymph node which results in obstruction of fluid mn the pleuaral
cavity. Barriers to fluid flow from the pleoral cavity ane not the
only canse of PE formation [2, 3]. Malignant PE does not
always occur in some tumors causing lymphatic obstruction
[5]. Tumor cells scerete several vasoactive mediators that con
tnbute to the formation of malignant PE by increasmg the rate
of lcakage of blood vessels. Increased vascular permeability
results in cxccssive plasma leakage. The main mediators that
play roles in vascular leakage arc vascular endothelial growth
factor (VEGF) and angiopoictin [6]. Vascular endothelial
growth factor-A (VEGF-A) = one of the cytokines that play
a rolc 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 vanious physiological and pathological condi
tivns including infection. Bactenal infeetion canses an acute
inflammatory response associated with neotrophal infliee, in
creased vaseular permeability, and edema. A sody of neotro-
phil stmmulation in viro showed that bactenial nfection also
induces VEGF-A scorction [8]. In addition to acute bactenal
infections, an ncrcase in VEGF level 1s detected in granulo
matous discases. such as tubcrculosis. Alveolar macrophage
stmulation in the tubcroulosis infection process scerctes var
1ous cytokines including VEGE. In tuberculosis paticnts, there
15 an increase m scrum VEGF levels compared with those of
inactive tuberculosis paticnts [9].

Biomarkers of the nature of VEGF are mvolved in normal
physiological processes and in many diseases, including in
{fammatory conditions and anc essential for angiogencsis that
i a prerequisite for growth or healing. Pleural fluid contams
VEGF receptors, and many cclls like macrophages mesothe
hal eells, nfiltrating inflammatory cells, cancer eclls, adjacent
airway cpithelial cclls, type 11 alveolar cells, alveolar macmo
phages, infiltrating neutrophils, and cosinophils of the lung-
all of which may contnibute to VEGF accumulation in ploural
fhead [10, 11].

In the study, Matsuyama ot al. [9] measured subscts of
VEGF m duplicate serum samples and chamctenzed the sol
uble woforms VEGF 165 and VEGF 121, Their assays were
reported to be sensitive to the presenee of just 9 pg/mlL and
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were not affeeted by the presence of other cytokines like
platelet-derived growth factor (PDGF) and other homologous
markers. They found high tiers in active pulmonary tuberen
losis and related the falling titers over a penod of & months,
with an improvement of PT. They also studied the Prescnee of
VEGF in macrophages of the lung speeimens by histochemn-
istry. Biomarkcrs thus can sometimes help in monitoring the
clinical course as 15 well known with others such as CRP,
ProCal, ete. In a controlled blinded prospoctive study, Shu
ct al. [4] estimated VEGF in both scrum and pleural fluid
simultancously and cvaluated them against the standard of
chlinical evaluation by pleural cviology and pleural biopsy.
They found that after “using receiver operating chameteristic
analysis” the cotoff values of VEGF levels in PE and serum to
b 95925 pe/mL and 212 .36 pp/mL respectively for diagmosis
of malignant PE (sensitivity 47%. 69% and specificitics of
OR% and 86% rcspectively). In other words as a diapmostic
test. it 15 inadequate and at best can be an expensive tost to aid
a diagnosis awaiting confirmation by other means.

This study measured VEGF-A level in pleural fluid of pa-
ticnts with malignant PE related to lung cancer. and paticnts
with nonmalipnant PE related to the infection process, as well
a5 asscssing the difference between the two. The aim of this
study 15 to determine the potential of VEGF-A level in pleural
fluid as a biomarker in the diagnosis of mahignant PE and
provide a pathophysiological picture of malignant PE related
to lung cancer and nonmalignant PE related to infeetion.

Methods

Participanits in this study were patients with PE m Dr. Soctomo
Cieneral A Hospital, Surabaya, Indoncsia. The inclusion
critcna were paticnts aged = 16 years old with malignant PE
diagnosis (lung cancer) and patients diagnoscd with nonma
lignant PE (pncumonia andfor lung tuberculosis). Paticnts
with malignant PE reeciving chemotherapy and empyema pa
ticnts were excluded from this study. The participants filled
the consent form before the study. The diagnosis of lung can
cerused standard diagnosis in D Soctomo General Academic
Hospital, Surabaya, Indonesia [12, 13].

A cross-sectional method was employed with a conseen
tive sampling technique. The stdy was conducted in Dre
Soctomo General Academic Hospital from Aungust 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 |9 paticnts (Fig. 1). All
participants were cxamined for VEGF-A level in pleural flud,
followed by a comparative analysis between the two groups.
This study was reviewed by the cthical committee and has
received approval (0609/KEPK/1w2018) before its conduct.

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

Plewral effusion paticnts
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obtained by firstly determining the position of the Tung where
PE took placc. Then, a nccdle was inserted to a point in the
midaxillary Imc in the 6th; 7th. or 8th intercostal [14]. In the
case of minimum PE, the thomcentesis procedure was assisted
with ultrasonography puidance [15]. Plewral fluid was obtain

od with a volume of 20 ce, placed in a tube and centrifuped for
10} min. The supematant was extracted and stored 1 a fidge at
1825 °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
microplate reader (Biorad, USA) [16].

The results 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).
Kolmogorov-Smirnov test was employed to examine data
distmbution. Recciver operating charactenstics (ROC) was
employed to determine the cotoff value of VEGF-A in malig-
nant PE patients. The ROC was obtamed by measuring scnsi
tivity and specifieity values of malignant PE. IBM SPSS
Statistics software version 23.0 (IBM Cormp., Armonk, NY,
LISA) was uscd for statistical analysis.

Results
Characteristics of the Participants

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

school graduates (32.35%). In terms of occupation, housc
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_389%; Table 1.

For the diagnosis of participants, outl of 34 malignant PE
paticnts, 29 patients were disgnosed with adenocarcinoma
(B5.20%). | patient with adcnosquamous carcinoma
(2.949), 3 paticnis with squamous ccll carcinoma (8.82%),
and | paficnt with small-ecll carcinoma (2.94%). In the non-
malignant proup, there woere 17 patients with ubercalous PE
(89.47%), | paticnt with pncumonia (5.265%), and | paticnt
with pncumonia + tuberculosis (5.26%).

Results of Pleural Fluid Analysis

The average number of eclls i the nonmahlignant group
(2433.11 + 2463 30/ul) was higher than the malignant group
(187682 + [R0E.00/ul). On the other hand, the average num-
ber of monomuclear (MN) in the nonmalignant group (6984 +
32.09%) was lower than the malignant group (75.17 +
28.65%). The average protcin content in the two groups
showed nearly similar valucs. Stabistics companisons of the
cell, MN, and protein amount were not significant. A signifi
cant companson between nonmalignant and mahgnant groups
was found for glucose content (p=0.024) and lactic acid
dehydrogenase/LDH (p=0.025; Tablc 2).

The pathology examination of pleural flud m terms of
cytology in malignant group showed |3 positive paticnts
{38.23%) and 2| negative paticnts (61.77%). On the other
hand, pathology anthology examination on cell block found
I 8 nogative participants (52.94%) and | 6 positrve participants
(47.06%).

VEGF-A Level in Pleural Fluid

The averape VEGF-A level in pleural fld of malignant and
non-malignant groups were 1940.77 + [016.54 pg/mL and
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Table 1 Charsctenstus of

participants Characteristic MNoe-muligmnant (% e = 19) Maligrant (% o= 34) P
Sex
Male 9 (47.56) 15 (44.12) 0287
Fermule [ 5264) 19 (55.88)
Agre (year)
Mean + SD 47144 14.99 6854+ 11.63 (08D
Mim—rmeas 16-T1 3381
Elemerdary school 5 {2631 13 (38.27) -
Junior high school 3 (15.79) 3 {8.82)
Senior hagh school T (36.54) 11 (32.35)
Mom-degmee 4 {21.06) T (20,600
DiplomaBachelor degree
Ooeupation
Cretl servant 1 (528) b [ 17.65) -
Housewife 5 (26:31) 15 (44.12)
Seller 2 (10.52) 6(17.65)
Office staff 3 (15.79) 1 (294
Comsiruecison wiorker | (524) 1 {2.94)
Factory worker I {526) 0 {000
Waorkshop worker 0 {006 1 (294
Farmier 1 (3.26) 2(5.58)
Mure I (5:26) 0 (0.00)
Student 2 (10.52) 0 {000y
Briver I (5:26) 0 {000y
Unemployed I (526) 2 {5.88)
Brmkoumn mdex
Mild I {526) 0 {000 =
Modcrate 7 (36.84) 4{11.76)
Seven: | (526) B(23.53)
Mom-smmokir 10 {52.63) {6471

178.16+ 192,01 pg/mL respectively (< 0.001; Fig. 2). Inthe
malignant group with positive anatomic pathology valucs, the
VEGF-A level was 2036.69 + 100815 pg/mL, whilc the
VEGF-A level in negative anatomie pathologics was

IB55.51 + 104535 pg/mL (p=0.612),

Table 2  Analysis of plevral (hnd

MNon-maliprmnt
(n=19)

Malmuml (n=34) p

Coll mmound (ful) 2433.11 1 246330 {R76.82 + |ROR.O0 0351

MM (%) 6084 + 3209 7517 & 28.65 011
Glocose (mg/dly 8563 + 3199 119.06 + 57.51 (.24%
Protem (g/di} 462 + 136 4.6t + 150 (903
LIYH (L) 6T5.89 4 T86.76 130532 4 137810 0025+

MN, mononuclear; L, lactate debydmpensse; *simificant < (.05

& Springer

Cut-off, Sensitivity, and Specifidty 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 senzittvity and specificity was at poimnt
22 with a VEGF-A valuc of 416,60 pg/mL (Fig. 3). The
VEGF-A scnsitivity and specificity valucs in this study werc
85.29% and 84.22% rcspectively. Positive predictive valuc
(PPV) of VEGF-A in this study was the number of samples
in malignant PE group with VEGF-A levels = cotoff valucs
among all samples with VEGF-A levels = cutoff values.
Mecanwhile, the negative predictive valuc (NPV) of VEGF

Aoin this study was the number of samples in nonmalignant
PE group with VEGF-A levels < cotoff values among all
samples with VEGF-A levels < eutoff 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 VEGE-A kevel in pleural
Mhord of patients with malygnunt
and nonmabiprumt pleural
cifusion (< 0.001; C1 95%)
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Discussion

This study found that adenocarcinoma was the major profile
causing malignant PE. Some studics suppested that most ma
lignant PE oceurs in adenocarcinoma [ 17]. Malignant PE is an
carly clinical sign that is generally found in lung adenocarci
noma paticnts, with a high EGFR mutation level particularly
incxon 21 LESER mutation [18].

Thas study found significant differcnces in PE flund betwoen
the two groups, especially in glucose and LDH levels. These
significant differcnces might be duc to tuberculosis related of
fusion in most participants in the nonmalignant group.
Measurement of pleural fluid glucose levels (<60 mg/dL)

10

0.8 -J—

=
&
]

Sensitivity
=
=

0.2 1

0.0 +- v r v
0.0 0.2 0.4 0.6
Specificity

Fig. 3 ROC curve of VEGE-A level m pleum] furd

T
Malignant plearal effusion Mon-malignant plewral effusion

could indicate a diagnosis of parapneumonic PE, malipnancy,
rheumatoid discase, or tuberculous pleunisy [19]. Malignant PE
and tuberculosis-telated PE have a smilar characteristic of
pleural fhnd analysis profile that is exodatrve ymphocybic pre
dommant. In addition, glucose level in tuberenlosis related PE
was found to be at a lower level of 4.33 mmol’L comparcd with
malignant PE of 6.22 mmal/L [20]. Lactic acid dehydrogenasc
5 a marker of non-specific inflammation that mercases in both
tubcreulosis and cancer. In cancer, & higher LDH increase gen-
crally mdicates a wider pleural inflammation process and the
prescnee of blood cclls in the pleural cavity [17].

The standard diagnosis of malignant PE ix the presence of
malignant cclls in pleural fAuid eytology. The spectficity of
pleural finid cytology is generally high, buot its scnsitivity is
reported between 30 and 90% [21]. Therefore, a biomarker is
necded to help the diagnosis of malignant PE. In this stody, 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 resolts of positive
anatomic pathology with pleural fluid cytology cxamination
of 38.23%. Ccll block method has a higher sensitivity and can
maintain issuc pattems, and the block can be stored for further
staining or immunohistochcmistry. Shivakumarswamy’s
study comparced the mterpretation 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 bafls. On the other hand, the
cytology smear method showed the pattern of a spread-out
single ecll. The ecll block method can also maintain the strue
ture of the nucleus, eytoplasm, ecll membranes, and chromatin
details. Furthermorne, it can inereasc the diagnosis of anatomic
pathology by 15% comparcd with that of pleural fluid cytol
ogy. This study found an mercase in the diagnosis of ploural
fluid anatomy pathology by 9% [22].
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In this study. mahgnant PE had significantly higher VEGF
A pleural fluid level than patients with nonmalignant cffusion.
Scveral previous studies stated that VEGE-A levels were con
sistently and significantly higher in malignant PE than non
malignant PE. A study conducted by Jia et al. compared the
valuc of VEGF-A scrum in lung cancer, gastric cancer, and
non-cancerous discascs. The study found that VEGE-A level
in lung cancer pleural fhnd was 457.54 pg/mlL., whike nonma-
lignant PE was 12448 pg/mL [7]. Kim ct al,, in their study,
comparcd 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 m tubereaolosis group, 1291.05 + 110.53 pgfmL [17].

The VEGF-A valucs of participants with positive pleural
fluid anatomy pathology were higher than those with negative
pleural fluid anatomy pathology, although the differenee was
not statistically significant (p> 0.05). Paticnts with varous
typos of lung cancer, especially non-small eell carcinoma
(NSCC), gencrally have elevated VEGF expression in cancer
cells. Several local cancer factors such as hypoxia, numerous
growth, and hormonal factors can contribute to the induction
of VEGF expression in cancer cells. Growth factors include
cpidermal growth factor, transforming growth factor, and
insulin-like growth factor: Incrcased VEGF in malignant PE
can also be related to the mteraction of VEGF and VEGFR
that stimulates cancer cells and mesothelial cells to seerete
VEGFE. Increased VEGF-A level in pleural fluid is not only
related to the presence of malignant cells in PE, but also relat
ed o local cancer factors, mesothelial cells in malignant PE
conditions that also scorcte VEGF-A, and mtcrachions be-
tween VEGF and VEGFR [7, 17, 23]

The VEGF-A value of > 416.60 pg/mL that commectly elar-
iticd paticnts with malignant PE was in fact around 85.29%.
On the other hand, the VEGF-A valuc of < 416.60 pg/mL that
confirmed paticnts with PE instead of tubcreulosis, acconding
to the finding was 84.22%. A study by Jia ct al. used median
levels of VEGF-A level in pleural fluid with a cutoff valuc of
406.19 pg/mL, followed by survival time analysis, and obtain
cd that paticnts with pleural flmd 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 Zhouw
ct al.’s study, the companson of VEGF pleural flud in malig
nant PE and pleural wbercnlosis effusion resulted in sensitiv
ity and specificity data of 715 and 6 1% respectively [24]. The
difference in sensitivity and spectficity valoes of this study
comparcd with that of other studics could be caused partly
by the differcnces in the charactenstics and number of
samples.

Thas study found that positive prodictive value and negative
predictive value of VEGF-A level n pleural flnd were 93.55%
and 76.19% mspechively. These valucs indicated that the
VEGF-A value of =416.60 pg/mL could comoetly predict tu-
berculosis PE paticnts 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 nonmatignant PE at 76.19%.

The limitation of this study 1s the diagnosis in the impure
nonmalignant pleural effusion group using bactenological ex-
ammation results, but non-bacteniological asscssment based
on climical symptoms, radiological results, and/or participant
pleural fluid analysis. In addition, the grouping of pleorl fluid
typcs docs not use Light's critenia [25].

Conclusion

This study found a significant companson between VEGF-A
lewel in pleural flnd of patients with malignant and nonma
lignant PE, where the VEGF-A level was higher in malignamt
PE than nonmalignant. There were no sipnificant differences
in VEGF-A levels o malignant PE patients with positive and
negative anatomic pathology results. The sensitivity and spee
theity of VEGF-A level in pleural flusd for the diagnosis of
malignant PE wene 85.29% and 84.22% respectively, with a
cutoff valuc of 416.60 pg/mlL. The VEGF-A cxamination in
pleural fluid can be considered as a means of supporting the
diagnosis of malignant PE.
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