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ABSTRACT

Pleural effusion is a common presenting feature of malignancy. Malignant pleural effusion is primarily di-
agnosed by pleural fluid cytology, pleural biopsy, and tumor markers. The glycoprotein YKL-40 is a new
tumor marker that has shown to have a good diagnostic accuracy to detect malignant pleural effusion.
However, there are only a few studies that have evaluated pleural fluid YKL-40 for detecting malignant
pleural effusions. Hence, we conducted this study to evaluate the utility of pleural fluid YKL-40 to detect
malignant pleural effusion. This is a cross-sectional study conducted between February 2016 and Decem-
ber 2017 in a tertiary care referral hospital. One hundred and forty-seven consecutive patients with pleural
effusion were included in the study. These patients were divided into 3 groups, viz malignant, tubercu-
lous, and parapneumonic pleural effusion, based on clinical features, radiological examination, and pleural
fluid analysis. Pleural fluid YKL-40 levels were measured using enzyme-linked immunosorbent assay. Out
of the 147 consecutive patients included in the study, 47 patients (31.97%) had malignant pleural effusion,
51 patients (34.69%) had tuberculous pleural effusion, and 49 patients (33.33%) had parapneumonic pleural
effusion. The median pleural fluid YKL-40 level was higher in malignant pleural effusion (114.80 ng/mL)
compared to tuberculous (93.17 ng/mL) and parapneumonic pleural effusion (89.87 ng/mL; P < 0.05). A di-
agnostic cut-off for pleural fluid YKL-40 value of 99.76 ng/mL detected malignant pleural effusion with 83%
sensitivity, 87% specificity, positive predictive value (PPV) of 75%, negative predictive value (NPV) of 91.58%,
and diagnostic accuracy of 85.71%. The level of pleural fluid YKL-40 is significantly elevated in malignant
pleural effusion. In lymphocytic pleural effusions presenting with low adenosine deaminase levels and high
YKL-40 levels, a thorough diagnostic search for malignancy is warranted.
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Introduction

Diagnosis of malignant pleural effusion is done mainly by pleural fluid cytology and pleural
biopsy. Pleural fluid cytology has a sensitivity of 60% to diagnose malignant pleural effusion.’
Patients with a negative pleural fluid cytology are subjected to a pleural biopsy that can detect
malignancy only in 7%-13% of cytology negative malignant pleural effusion.?> Pleural biopsy be-
ing an invasive procedure is associated with morbidity and mortality due to which efforts are
being taken to develop reliable and less-invasive tools like tumor markers to detect malignant
pleural effusions.

Earlier studies found that tumor markers like carbohydrate antigen 125 (CA 125), Carbohy-
drate antigen 15-3 (CA 15-3), carbohydrate antigen 19-9 (CA 19-9), and cytokeratin fragment
21-1 (CYFRA 21-1) had poor sensitivity and organ specificity for diagnosing malignant pleural
effusion.*> Hence, in the quest for discovering new tumor markers, the role of a new protein
YKL-40 as a tumor marker was studied.

YKL 40 is a secreted biomarker released mainly by macrophages in the setting of inflamma-
tion and malignancy.5 It is a glycoprotein, protein secreted in vitro by the human osteosarcoma
cell line, and was named based on its NH,-terminal amino acids tyrosine (Y), lysine (K), and
leucine (L) and its molecular weight of 40 kDa.? This glycoprotein is highly expressed in tissues
undergoing rapid proliferation and differentiation.’

YKL-40 was evaluated initially as a marker of inflammation and is currently used to study
exacerbation in bronchial asthma, chronic obstructive pulmonary disease (COPD) and rheuma-
toid arthritis.'%-12 As this glycoprotein was also found to be overexpressed in solid tumors like
breast carcinoma, colorectal cancer, osteosarcoma, and glioblastoma multiforme, experiments
were undertaken to evaluate its role as a tumor marker. An important observation was that
a higher serum level of YKL-40 was associated with a shorter survival, hence making this tu-
mor marker of prognostic value. However, this new tumor marker was lacking organ speci-
ficity.’3-> This finding of elevated serum YKL-40 in solid tumors was extrapolated to malig-
nant pleural effusion. A few studies were done to compare serum and pleural fluid YKL-40
in different types of pleural effusions and to see if this tumor marker was useful in diagnos-
ing malignant pleural effusion. As the results obtained from these studies were contradicting,
no definite conclusion could be drawn regarding the utility of this marker for the diagno-
sis of malignant pleural effusion.’®'° So the definitive role of this protein as a tumor marker
for malignant pleural effusion is still being explored. Hence, this study was planned with this
background to evaluate the diagnostic accuracy of YKL-40 protein to detect malignant pleural
effusions.

Methodology
Study design

This is cross-sectional study conducted between February 2016 and December 2017 in a ter-
tiary care referral hospital. This study was duly approved by the Institute Ethics Committee.

One hundred and forty seven consecutive patients with diagnosis of pleural effusion made
by a clinical examination and chest X-ray were included in the study. Patients with age <18
years, cases of bronchial asthma or COPD, patients on steroids (>3 months) and those with
transudative pleural effusion were excluded from the study.
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Number of groups to be studied with definition

Patients with diagnosis of pleural effusion were divided into 3 groups based on clinical fea-
tures, radiological examination, and pleural fluid analysis into malignant, tuberculous, and para-
pneumonic pleural effusion.

Group 1

In the present study, the malignant pleural effusion was defined by the presence of malig-
nant cells either by pleural fluid cytology or pleural biopsy, and this was considered as the gold
standard for the diagnosis of malignant pleural effusion.2°

Group 2
Tuberculous effusion diagnosed by pleural fluid adenosine deaminase (ADA) above 60 IU (or)
Ziehl-Neelsen positive in pleural fluid (or)
Pleural biopsy showing caseating granuloma (or)
Sputum Acid-Fast Bacilli positive with concurrent pleural effusion.

Group 3

Parapneumonic effusion defined as occurring with community acquired pneumonia defined
according to the American Thoracic Society criteria as new onset respiratory symptoms, fever,
abnormal breath sounds, a new pulmonary infiltrate on chest X-ray, and neutrophilic pleural
effusion.

Study procedure

Patients with pleural effusion were subjected to diagnostic thoracocentesis under sterile
aseptic precautions as a part of standard patient care. Pleural fluid sample was sent for esti-
mation of protein, lactate dehydrogenase (LDH), ADA, cell count, bacterial culture, mycobacterial
culture, and pleural fluid cytology, and 3 mL of pleural fluid was collected for the estimation
of YKL-40 protein. The pleural fluid samples collected for estimation of YKL-40 were subjected
to centrifugation within 3 hours and the supernatant was collected and stored in deep freezer
(—80°C). In patients with 3 consecutive negative pleural fluid cytology, ultrasound or computed
tomography-guided pleural biopsy was done as standard of care procedure.

Estimation of YKL-40 protein

The samples were analyzed using enzyme-linked immunosorbent assay (ELISA) as was done
in previous studies.'®-1 ELISA kits for YKL-40 were obtained from BT Lab, Shanghai Korain
Co. Ltd. Pleural fluid samples and the reagents were warmed naturally to room temperature
for 30 minutes prior to performing the test. Pleural fluid sample, anti-YKL-40 antibody, and
streptavidin-HRP is added to the wells and incubated at 37°C for 60 minutes. The ELISA plate
is washed with buffer solution 5 times. Solutions A and B are added to the wells and incubated
at 37°C for 10 minutes. The wells will turn blue and the intensity of the color developed is pro-
portional to the amount of YKL-40 in the pleural fluid. Stop solution is added to terminate the
reaction and the color of the wells becomes yellow. The optical density of each well was deter-
mined at 450nm with 30 minutes using an automated analyzer. Based on the optical density of
the well, the pleural fluid YKL-40 was quantitated.

Statistical analysis

Statistical analysis was done using IBM PASW statistics (SPSS) version 19.0. Categorical data
like gender, smoking, and alcohol consumption were expressed as frequency and percentages.
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Table 1
Baseline characteristics of study groups.
S. no. Baseline parameters Malignant pleural Tuberculous pleural Parapneumonic
effusion(n =47) effusion(n =51) pleural effusion
(n=49)

1 Age in years 60 + 12 41 + 13 44 + 14
Mean + SD

2 Male (%) 24 (51.06) 43 (84.30) 37 (75.50)

3 Female (%) 23 (48.93) 8 (15.70) 12 (24.50)

4 Smoker (%) 14 (29.78) 21 (41.20) 18 (36.70)

5 Alcohol consumption 10 (21.27) 29 (56.90) 22 (44.90)
(%)

6 Serum protein (g/dL) 6.33 + 0.89 6.38 + 0.82 6.21 + 117
Mean + SD

7 Pleural fluid protein (g/dL) 447 + 110 411 £+ 1.20 4.26 + 1.36
Mean + SD

8 Pleural fluid LDH (IU/L) 1286 (108-11146) 1337 (19-10429) 3200 (388-17520)
Median with IQR

9 Pleural fluid ADA (IU/L) 15 (4-103) 70 (13-215) 20 (2-329)
Median with IQR

10 Pleural fluid YKL-40 (ng/mL) 114.80 (75.37-152) 93.17 (78-107.60) 89.87 (78.65-106.15)

Median with IQR
ADA, adenosine deaminase; IQR, interquartile range; LDH, lactate dehydrogenase; SD, standard deviation.

The continuous data was expressed as mean with standard deviation (Normal data) or median
with interquartile range (Skewed data). The comparison of levels of pleural fluid YKL-40 was
done by Kruskal-Wallis test. The comparison pleural fluid YKL-40 between pleural fluid cytol-
ogy positive and negative malignant pleural effusion was done using Mann-Whitney U test. The
comparison of level of pleural fluid YKL-40 according to histopathologic type of malignancy was
done using Kruskal-Wallis test. Receiver-operating characteristic (ROC) curve was used to iden-
tify the optimum cut-off values of YKL-40 for differentiating malignant and nonmalignant pleu-
ral effusions using Youden index. All statistical analysis was curved out at 5% level of significance
and P < 0.05 was considered as significant.

Results

A total of 147 patients were included in the study, out of which 47 (31.97%) were malignant
pleural effusion, 51 (34.69%) were tuberculous pleural effusion, and 49 (33.33%) were parapneu-
monic pleural effusion. Out of 147 patients, 70.75% were males and 29.25% were females. The
mean age of patients in the malignant, tuberculous, and parapneumonic pleural effusion groups
were 60 + 13 years, 41 + 13 years, and 44 + 14 years, respectively. The median pleural fluid
LDH was 1286 IU/L, 1337 IU/L, and 3200 IU/L in the malignant, tuberculous, and parapneumonic
pleural effusion groups, respectively. The median pleural fluid ADA was 15 IU/L, 70 IU/L, and
20 IU/L in the malignant, tuberculous, and parapneumonic pleural effusion groups, respectively
(Table 1).

Among the 47 patients with malignant pleural effusion, 29 patients had pleural fluid malig-
nant cytology positive (61.70%) and 18 patients had pleural biopsy showing malignancy (38.30%).
The median pleural fluid YKL-40 level in malignant, tubercular, and parapneumonic groups were
114.80 ng/mL, 93.17 ng/mL, and 89.87 ng/mL, respectively. A box and whisker plot was used to
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Fig. 1. Box and whisker plot depicting pleural fluid YKL-40 in malignant, tubercular, and parapneumonic pleural effusion.
M, malignant pleural effusion; P, parapneumonic pleural effusion; T, tuberculous pleural effusion.

compare the pleural fluid YKL-40 among the 3 groups (Fig 1). The area under the curve (AUC)
for malignant pleural effusion was 0.90 with 95% confidence interval 0.833-0.968 (Fig 2). The di-
agnostic cut-off value for pleural fluid YKL-40 of 99.76 ng/mL was considered positive for malig-
nant pleural effusions. Out of 147 patients, 52 patients (35.37%) had positive pleural fluid YKL-40
protein and 95 patients (64.63%) had negative pleural fluid YKL-40 protein. Positive pleural fluid
YKL-40 protein detected malignant pleural effusion with a sensitivity of 83%, specificity of 87%,
PPV of 75%, NPV of 91.58%, and diagnostic accuracy of 85.71% compared to gold standard.

In patients with malignant pleural effusion, the pleural YKL-40 was positive in 13 of 13 pa-
tients (100%) of metastatic adenocarcinoma with unknown primary, 9 of 9 patients (100%) of
breast cancer, and 13 of 13 patients (100%) of adenocarcinoma lung. Though the number of pa-
tients positive for pleural fluid YKL-40 was high in patients with metastatic adenocarcinoma
with unknown primary, breast, and lung carcinoma, this finding was not significant due to the
small number of patients in each subgroup (Table 2).

Discussion

In the present study, we found that positive pleural fluid YKL-40 protein had a good sensitiv-
ity and specificity to diagnose malignant pleural effusion. The pleural fluid YKL-40 did not vary
significantly among the histopathologic subgroups. The median pleural fluid LDH and ADA levels
were lower in the malignant pleural effusion group.

Malignant pleural effusion poses a diagnostic challenge because the conventional tumor
markers like CEA, CA-125, CA 19-9, CA 15-3, and CYFRA 21-1 are not reliable for diagnosing



S. Javath Hussain, J. Selvaraj and M. Mohanty Mohapatra et al./Current Problems in Cancer 43 (2019) 354-362 359

ROC Curve
1.0

0.8

0.6

ivi

Sensit

0.4

0.29

0.0 T T T
0.0 0.2 04 06 08 10

1 - Specificity

Fig. 2. Receiver-operating characteristics (ROC) curve depicting sensitivity and specificity of pleural fluid YKL-40 in ma-
lignant pleural effusion. AUC 0.90 (95% CI 0.833-0.968).

Table 2

Positivity rate by pleural fluid YKL-40 in different subgroups of malignant pleural effusion.
S. no Type of malignancy Frequency Positive pleural fluid YKL-40
1 Metastatic adenocarcinomawith unknown primary 13 13
2 Adenocarcinoma lung 13 13
3 Adenocarcinoma breast 9 9
4 Adenocarcinoma ovary 6 4
5 Small cell carcinoma of lung 4 0
6 Squamous cell carcinoma oflung 1 0
7 Renal angiosarcoma 1 0

Total 47

malignant pleural effusion due to the poor sensitivity and specificity of these markers.*> In a
pursuit to discover an ideal tumor marker for diagnosing malignant pleural effusions, chitinase-
like protein YKL-40 was studied. This protein has been suggested to play a role in cell prolif-
eration and tumor angiogenesis, and protects cells from apoptosis.2! Though YKL-40 is largely
studied as a tumor marker with prognostic significance in numerous solid tumors, it is also be-
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ing studied in the serum of patients with nonmalignant conditions like bronchial asthma, COPD,
and rheumatoid arthritis for detecting exacerbation.’>’> Hence, in the present study, patients
with bronchial asthma and COPD were excluded to reduce the confounding effect of these in-
flammatory conditions on pleural fluid YKL-40.

The study by Attia et al evaluated pleural fluid YKL-40 in 88 patients with pleural effusion,
out of which 34 were malignant pleural effusions. They reported a cut-off value of 256ng/mL
was shown to diagnose malignant pleural effusion with a sensitivity of 85.3% and specificity
of 90.7%.5 In the present study, pleural YKL-40 cut-off value of 99.76 ng/mL had a sensitiv-
ity of 83% and specificity of 87%, which is as high as the previous study. Two studies from
Greece and Turkey found that the mean levels of pleural fluid YKL-40 showed a higher trend
in malignant pleural effusion compared to tubercular and parapneumonic pleural effusion but
this observation was not statistically significant due to a small sample size.'”!® Another study
had reported that pleural fluid YKL-40 was significantly elevated in tuberculous pleural effu-
sion fluid compared to malignant pleural effusion.’® The reason for this finding was thought to
be due to elevated interferon gamma (Th1 cytokine), which is expressed in tuberculous pleu-
ral effusion which was found to be a potent inducer of YKL-40 mRNA.2223 Malignant pleu-
ral effusion displays both Th1 and Th2 immune reaction with the former being predominant
due to production of soluble factors which attenuate Th1 response.2* But specificity protein 1
(Sp1), specificity protein 3 (Sp3), upstream stimulatory factor 1 (USF1), runt-related transcrip-
tions factor 1 (RUNX1), and CCAAT/enhancer-binding protein (C/EBP) are transcription factors
involved in cellular proliferation and malignant transformation. These soluble factors enhance
the expression of YKL-40 mRNA.>> Hence, it can be deduced that YKL-40 can be induced by
factors other than interferon gamma. There are a few recent studies that have proved that
serum YKL-40 is a useful prognostic marker to assess treatment response and survival in ma-
lignancy, thus indicating the role of carcinogenic transcription factors in the regulation of YKL-
40 expression.26-28 These studies found that there was a significant reduction in serum YKL-
40 following chemotherapy and had reported that higher pretreatment level of serum YKL-
40 was associated with a reduced survival. However, in the present study, we had not eval-
uated the prognostic value of pleural fluid or serum YKL-40 because malignant pleural effu-
sion represents metastatic malignancy with a poor survival. Hence, pleural fluid or serum YKL-
40 may not provide additional information on the survival of patients with malignant pleural
effusion.

In the present study, we had analyzed the relationship of pleural fluid YKL-40 and the various
histologic types of malignancy like the previous studies.'®!” In one of the study, it was observed
that pleural fluid YKL-40 was elevated in pleural effusion due to metastatic malignancy of non-
pulmonary origin, which is same as the present study where pleural YKL-40 was found to be
elevated in metastatic adenocarcinoma of unknown origin, breast and lung cancer. However, an-
other study from Egypt had not found significant difference in pleural fluid YKL-40 among the
histologic subtypes of malignant pleural effusion.!”

The clinical implication of the present study will be important in developing countries where
tuberculosis is still prevalent and the incidence of malignancy is also steadily increasing over
the past few decades due to the increasing aging population and environmental exposure. Lym-
phocytic pleural effusion has many causes with tuberculosis and malignancy being the most
important differential diagnoses in developing countries. On one hand, tuberculous pleural effu-
sion can be diagnosed by assessing ADA, which is a very reliable diagnostic marker, but no such
marker exists for malignant pleural effusion as of now. Perhaps a positive pleural fluid YKL-40
can aid in differentiating infection and malignancy in countries with high prevalence of tuber-
culosis. YKL-40 can be used as a diagnostic marker for malignancy in patients presenting with a
lymphocytic pleural effusion when tests for tuberculosis are negative.

Though the present study showed that pleural fluid YKL-40 levels were higher in malignant
pleural effusion, the cut-off obtained was lower than that reported in previous studies. The rea-

son for this discrepancy could be attributed to small sample size used in the previous stud-
iag 16,17
ies.'>
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Hence, we conclude that pleural fluid YKL-40 is a reliable diagnostic marker for detect-

ing malignant pleural effusion. However, further studies with a larger sample size are re-
quired to establish the relationship between pleural fluid YKL-40 and histologic subtypes of
malignancy.
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