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Abstract

Background: Limited data are available for the diagnostic value, and the diagnostic
sensitivity and specificity of pleural fluid periostin (pPOSTN) and serum periostin
(sPOSTN) in malignant pleural effusion (MPE) caused by non-small-cell lung cancer
(NSCLC).

Methods: We collected 84 pleural effusion samples, including 44 cases of MPE
caused by NSCLC and 40 cases of benign pleural effusions (BPEs) from August 2018
to January 2019. The pPOSTN, sPOSTN, pleural fluid lactate dehydrogenase (pLDH),
pleural effusion adenosine deaminase (pADA), pleural effusion total protein (pTP),
pleural fluid glucose (pGLU), pleural effusion leukocyte count (pWBC), pleural ef-
fusion red cell count (pRBC), pleural effusion carbohydrate antigen 199 (pCA199),
pleural fluid carbohydrate antigen 125 (pCA125), pleural effusion ferritin (pFer),
serum total protein (sTP), and serum C-reactive protein (sSCRP) were tested, and the
obtained data were analyzed by statistical software.

Results: Compared to the BPE group, the pPOSTN level in the MPE group was ob-
servably lower, while the levels of sSPOSTN, sPOSTN/pADA, pCA199/pADA, and
pCA199/pPOSTN increased. The receiver operating characteristic (ROC) curve
showed that the area under the ROC curve (AUC) (=0.844, 0.847,0.841) of sSPOSTN/
pADA, pCA199/pADA, and pCA199/pPOSTN (cutoff = 11.86, 0.244, 0.015) was ob-
servably higher than other indicators for the diagnosis of MPE caused by NSCLC.
Thus, the combined detection of pPOSTN, pCA125/pPOSTN, and pCA125/sCRP
suggested that the AUC, sensitivity, and specificity was 0.912%, 95.45%, and 77.50%
at the cutoff 0.317 and diagnostic performance was higher than sSPOSTN/pADA or
pCA199/pADA or pCA199/pPOSTN.

Conclusion: Combined detection of SPOSTN/pADA, pCA199/pADA, and pCA199/
pPOSTN can be used as a good indicator for MPE caused by NSCLC.
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1 | INTRODUCTION

Lung cancer is the major cause of cancer-related death in the world,*
most of which are non-small-cell lung cancer (NSCLC).? Malignant
pleural effusion (MPE) is one of the common complications to ad-
vanced patients with NSCLC.% The cytopathological detection is
used for the diagnosis of MPE caused by NSCLC from benign pleural
effusion (BPE), but the missing detection rate is high.* Thoracoscopy
detection can greatly increase the sensitivity of diagnosis; however,
it has the risk of injury, the drawback of high cost, and the possi-
bility of missed diagnosis. Currently, the routine clinical detections
of pleural effusion, including pleural effusion lactate dehydrogenase
(pLDH), pleural effusion adenosine deaminase (pADA), pleural ef-
fusion total protein (pTP), pleural effusion glucose (pGLU), pleural
effusion white cell count (pWBC), pleural effusion red cell count
(pRBC), pleural effusion carbohydrate antigen 199 (pCA199), pleural
effusion carbohydrate antigen 125 (pCA125), and pleural effusion
ferritin (pFer), can reduce the undetected rate of MPE,”” but have
low-grade specificity and sensitivity for diagnosis of malignant pleu-
ral effusion.®

Periostin, a N-glycoprotein secreting a matrix, which is part of
NH2-terminal signal peptide sequence and internal homologous re-
peat sequence, is rich in carboxy-terminal domain and cysteine do-
main.” Many studies showed that multifarious tumors in the human
body overexpressed the periostin.’°*® Compared with the expres-
sion of normal tissues, the expression of periostin in tumor stroma
was more extensive and observably different.!* Accumulating
evidences indicated that overexpression of periostin in serum is
closely correlated with tumorigenesis and metastasis.' Especially in
NSCLC, the serum periostin (sSPOSTN) as the biomarker in patients
with malignant tumor is extremely important to the diagnosis and
prognosis of the disease.'® However, the level of pleural fluid peri-
ostin (pPOSTN) in pleural effusion of patients with non-small-cell
lung cancer has not been studied, and the diagnostic and prognostic
value of MPE caused by non-small-cell lung cancer is still unclear.

In this study, in order to explore the value of pPOSTN and
sPOSTN levels in differentiating malignant pleural effusion from
benign pleural effusion in patients with non-small-cell lung cancer,
enzyme-linked immunosorbent assay (ELISA) was used to detect the
two indicators. In addition, we investigated the correlations between

periostin expression levels and clinicopathological parameters.

2 | MATERIALS AND METHODS

2.1 | Materials

Pleural effusion specimens were prospectively collected from 84
patients with lung disease who presented at the First Affiliated
Hospital of Wenzhou Medical College, China, from August 2018
to January 2019. Pleural effusion caused by digestive system dis-
ease, coronary heart disease, hypoproteinemia, or kidney dysfunc-

tion was excluded. These pleural effusion specimens included 44
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FIGURE 1 Comparison of the parameters in pleural effusion
from the two groups. A, The sSPOSTN and pCA125 levels in the
MPE group were obviously higher than those in the BPE group.
The pPOSTN and sCRP levels in the MPE group were obviously
lower than the BPE group. B, The pGLU, pRBC, pCA199, and
sPOSTN/pADA levels in the MPE group was higher than those in
the BPE group. The pADA and pWBC levels in the MPE group were
obviously lower than those in the BPE group. C, The pCA199/pADA
and pCA199/pPOSTN levels in the MPE group were obviously
higher than those in the BPE group. *P < 0.5, **P < 0.01, and

***P < 0.001
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TABLE 1 Comparison of the parameters in pleural effusion in the two groups

WILEY-27

Parameters MPE BPE Mann-Whitney U test P

pPOSTN (ng/mL) 110.1 (11.6-446.8) 460.6 (82.6-636.8) 476.000 0.000
sPOSTN (ng/mL) 298.3 (204.0-404.0) 279.9 (251.7-294.0) 565.500 0.005
pADA (U/L) 13.9 (3.1-61.6) 46.2(22.1-72.5) 309.500 0.000
pTP (g/L) 47.8 (19.0-67.4) 48.2 (41.6-55.2) 830.000 0.654
pLDH (U/L) 433(96-4346) 592 (240-960) 783.500 0.486
pGLU (mmol/L) 6.64 (0.10-11.35) 5.27 (3.52-6.61) 629.500 0.025
pWBC (103/|.1L) 1.28(0.04-10.5¢6) 2.66(0.87-4.46) 640.500 0.032
PRBC (10°/pL) 7.00 (0.06-780.00) 1.88(0.83-6.14) 597.500 0.011
pFer (ug/L) 1182 (51-15 000) 1018 (492-1457) 817.500 0.576
pCA125 (U/mL) 1601.9 (2.8-26 681.9) 418.9 (119.1-1373.4) 501.000 0.001
pCA199 (U/mL) 3(0.8-20 210.0) 2.4(1.6-4.5) 525.000 0.001
sCRP (mg/L) 15.4 (3.0-130.0) 63.2(24.9-125.0) 337.000 0.000
sTP (g/L) 67.2 (46.9-90.0) 65.8 (58.6-69.7) 734.000 0.191
sPOSTN/pADA 21.13(6.56-109.10) 5.90(3.58-11.09) 265.000 0.000
pCA199/pADA 0.637 (0.035-1467.824) 0.060 (0.030-0.147) 259.000 0.000
pCA199/pPOSTN 0.078 (0.005-272.413) 0.010 (0.004-0.033) 282.000 0.000

Note: Median (min-max) in the parameters in the table.

cases of MPE and 40 cases of BPE. The MPE group consisted of
41 cases of pleural effusion caused by adenocarcinoma and three
cases of pleural effusion caused by squamous cell carcinoma, in-
cluding 30 males and 14 females, aged between 43 and 82 years
(64.77 + 8.72). The BPE group included 30 males and 10 females
aged between 20 and 86 years (54.60 + 19.67). There was no
significant difference in age and sex between the two groups
in statistical analysis (P > 0.05). These cases were confirmed by
bronchoscopic biopsy, bacterial culture of pleural effusion, cell
morphology under pleural effusion microscopy, computed tomog-
raphy, chest X-ray and tuberculosis polymerase chain reaction de-
tection, and the 7th edition of lung cancer TNM staging system
released by International Association for the Study of Lung Cancer
(IASLC).Y In this study, all patients agreed and signed a written in-
formed consent which approved by the Institutional Ethics Review
Committee of the First Affiliated Hospital of Wenzhou Medical
University.

2.2 | Methods

The whole blood (3 mL) of the patients was collected and centri-
fuged at 1509.3 g for 15 minutes, and then, the supernatant serum
was separated and frozen at -80°C in a small centrifugal tube. The
pleural fluid (8 mL) of the patients was collected and centrifuged at
603.72 g for 15 minutes, and then, the supernatant pleural fluid was
separated and frozen at -80°C in a small centrifugal tube. The lev-
els of pCA125, pCA199, and pFer were inspected with the chemilu-
minescence method in a DXI800 luminescence analyzer (Beckman
Coulter). The level of serum C-reactive protein (sSCRP) was inspected
with the nephelometry method in a Siemens BN Il automatic pro-
tein analyzer (Siemens). The levels of pLDH, pADA, pGLU, pTP, and

serum total protein (sTP) were inspected in an AU5800 automatic
biochemical analyzer (Beckman). The levels of pWBC and pRBC were
inspected in a Niu Bao's counting board.

The levels of pPOSTN and the levels of sSPOSTN were inspected
in an ELISA plates (USCN Life Science Inc) according to the manu-
facturer's introductions. Detection range of POSTN is 78-5000 pg/
mL. The minimum detectable dose of POSTN is typically less than
31 pg/mL. CV of intra-assay is lower than 10%, and CV of inter-assay
is lower than 12%.

2.3 | Statistical analysis

Kolmogorov-Smirnov test used to test the normality of the data.
The measurement data of non-normal distribution were expressed
as median (minimum, maximum), and Mann-Whitney U test was
used for comparison between the two groups. The diagnostic ef-
ficacy was analyzed by drawing the receiver operating characteris-
tic curve (ROC). MedCalc 15.6.1 (MedCalc Software) and SPSS 18.0
(Statistical Package for the Social Sciences Corporation) were used
for statistical analysis of all data. The difference was statistically sig-
nificant when P < 0.05.

3 | RESULTS

3.1 | Comparison of the parameters in pleural
effusion in the MPE group and BPE pleural fluid group

The levels of sPOSTN, pGLU, pRBC, pCA125, pCA199, sPOSTN/
pADA, pCA199/pADA, and pCA199/pPOSTN in the MPE group
were obviously higher than those in the BPE group (Mann-Whitney
U = 565.500, 629.500, 597.500, 501.000, 525.000, 265.000,



WANG ET AL.

Sensitivity

- - \pPDSTH
—-=POETH

—-pCAa1909
SRCR1 031 pADA
mcm 99/ pPOSTN

——FRefersnce Line

oo T T T
oo 0z 04 06 0e 10

1 - Specificity

FIGURE 2 Receiver operating characteristic curve of

some parameters for malignant pleural effusion (MPE). At

the cutoff = 0.317, the sensitivity and specificity of SPOSTN/
pADA+pCA199/pADA+pCA199/pPOSTN were 95.45% and 77.50%
for the diagnosis of MPE, and the AUC (0.912) was the highest
among all markers tested

259.000, and 282.000, P = 0.005, 0.025, 0.011, 0.001, 0.001, 0.000,
0.000, and 0.000); the pPOSTN, pADA, pWBC, and sCRP levels in
the MPE group were obviously lower than those in the BPE group
(Mann-Whitney U = 476.000, 309.500, 640.500, and 337.000,
P =0.000, 0.000, 0.032, and 0.000). The levels of pTP, pLDH, pFer,
and sTP in the MPE group showed no significant difference when
compared with the BPE group (see Figure 1 and Table 1).

3.2 | The AUC, cutoff value, sensitivity, and
specificity of parameters for the diagnosis of
malignant pleural effusion

The ROC analysis showed that the AUC (=0.844, 0.847, 0.841)
of sPOSTN/pADA, pCA199/pADA, and pCA199/pPOSTN (cut-
off = 11.86, 0.244, 0.015) observably exceeds pPOSTN (0.735),
sPOSTN (0.687), pADA (0.818), pLDH (0.541), pRBC (0.650), pCA125
(0.711), pCA199 (0.699), sCRP (0.803), pGLU (0.632), or pWBC
(0.645), and sensitivity and specificity of sSPOSTN/pADA, pCA199/
pADA, and pCA199/pPOSTN for diagnosis of MPE were 86.36%,
72.73%, and 88.64% and 80.00%, 85.00%, and 65.00%, respectively,
showing better diagnostic efficiency (see Figure 2 and Table 2).

3.3 | Relationship between pPOSTN
concentration and clinicopathological factors in
NSCLC patients with MPE

The association between pPOSTN concentration of MPE and clin-
icopathological factors in NSCLC patients is shown in Table 3.
The pPOSTN level in the elder group was higher than that in the
younger group (Mann-Whitney U = 107.000, P = 0.025). No statis-
tically significant associations were found between pPOSTN levels
and gender (P = 0.960), smoking status (P = 0.391), histological type
(P =0.592), lymph node metastasis (P = 0.827), and distant metasta-
ses (P =0.652; see Table 3).

3.4 | Relationship between sPOSTN
concentration and clinicopathological factors in
NSCLC patients with MPE

The association between pPOSTN concentration of MPE and clin-

icopathological factors in NSCLC patients is shown in Table 4. No

TABLE 2 The AUC, cutoff value, sensitivity, and specificity of parameters for the diagnosis of malignant pleural effusion

Parameters AUC 95% confidence interval P Cutoff Sensitivity (%)  Specificity (%)
pPOSTN (ng/mL) 0.735 0.622-0.847 0.000 403.4 97.73 52.50
sPOSTN (ng/mL) 0.687 0.572-0.801 0.004 302.0 47.73 87.50
pADA (U/L) 0.818 0.715-0.922 0.000 26.5 95.45 70.00
pLDH (U/L) 0.541 0.332-0.586 0.522 550 62.79 52.50
pRBC (10%/pL) 0.650 0.529-0.772 0.019 3.76 63.64 70.00
pCA125 (U/mL) 0.711 0.599-0.823 0.001 2180.3 47.73 95.50
pCA199 (U/mL) 0.699 0.581-0.818 0.002 13.5 45.45 97.50
sCRP (mg/L) 0.803 0.705-0.900 0.000 36.0 81.82 74.36
pGLU (mmol/L) 0.632 0.510-0.754 0.040 6.62 52.27 77.50
pWBC (10°/uL) 0.645 0.522-0.767 0.024 1.79 68.18 62.50
sPOSTN/pADA 0.844 0.749-0.940 0.000 11.86 86.36 80.00
pCA199/pADA 0.847 0.765-0.928 0.000 0.244 72.73 85.00
pCA199/pPOSTN 0.841 0.758-0.924 0.000 0.015 88.64 65.00
sPOSTN/pADA+pCA199/pADA+pCA199/ 0.912 0.850-0.974 0.000 0.317 95.45 77.50

pPOSTN
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TABLE 3 Levels of pPOSTN in the

MPE group and association with the Clinical variables Number  pPOSTN (ng/mL) Mann-Whitney Utest P
clinicopathological factors of NSCLC Age (y)
patients 260 32 135.0(62.6,247.5)  107.000 0.025
<60 12 52.5(38.5,99.5)
Gender
Male 30 110.1 (48.2,225.5) 208.000 0.960
Female 14 115.0 (45.9,212.2)
Smoking status
Smoker 23 96.4 (47.0,175.6) 205.000 0.391
Non-smoker 21 131.6 (56.3,218.9)
Histological type
Squamous cell S 159.0 (49.4,/) 50.000 0.592
carcinoma
Adenocarcinoma 41 109.6 (47.7,212.1)
Lymph node metastasis
Positive 35 110.6 (45.8,222.4) 150.000 0.827
Negative 9 109.6 (53.7,132.0)
Distant metastases
Positive 35 130.2 (45.8,255.8) 142.000 0.652
Negative 9 85.2(53.2,183.9)

Note: Median (P25, P75) in the parameters in the table.

statistically significant associations were found between pPOSTN 4 | DISCUSSION
levels and age (P = 0.429), gender (P = 0.465), smoking status
(P = 0.124), histological type (P = 0.798), lymph node metastasis The causes of pleural effusion can be divided into malignant and be-

(P = 0.142), and distant metastases (P = 0.532; see Table 4). nign. There are some false detection and missed detection rates in

TABLE 4 Levels of sPOSTN in the

MPE group and association with the Clinical variables Number sPOSTN (ng/mL) Mann-Whitney Utest P
clinicopathological factors of NSCLC Age (y)
patients 260 32 307.6 (279.3,328.9) 162.000 0.429
<60 12 284.9 (258.3,343.2)
Gender
Male 30 302.7 (280.1,331.8) 181.000 0.465
Female 14 293.0(249.2,330.2)
Smoking status
Smoker 23 310.6.4 (281.4,338.2) 176.000 0.124
Non-smoker 21 285.2 (252.5,311.3)
Histological type
Squamous cell 3 308.2(209.6,183.9) 56.000 0.798
carcinoma
Adenocarcinoma 41 297.2(273.4,328.1)
Lymph node metastasis
Positive 35 296.2(270.0,314.2) 107.000 0.142
Negative 9 323.8(287.2,361.4)
Distant metastases
Positive 35 299.4 (270.8,338.2) 136.000 0.532
Negative 9 289.2 (260.0,317.2)

Note: Median (P25, P75) in the parameters in the table.
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imaging examination and the pathological examination as the gold
standard lacks sensitivity.m21 Therefore, it is urgent to find a new
marker to identify the type of pleural effusion.

Periostin has a wide range of biological activity and can partic-
ipate in tumor cell growth, proliferation, and metastasis by multi-
farious signal transduction pathways.?>?* Contié et al*> conducted
animal experiments on nude mice by quantitative PCR and immuno-
histochemistry methods and found that peripheral stromal cells of
breast cancer of bone metastases transitionally expressed periostin,
and in the serum, POSTN levels increased observably. Zhang et al 18
found that the sPOSTN levels in NSCLC patients were significantly
higher than in patients with normal subjects and benign lung disease,
and the ROC curve showed that the AUC of sPOSTN antidiastole
for NSCLC was 0.87. Several studies have shown that the expression
level of periostin in serum of various malignant tumors was correlated
with tumor stage, metastasis, and survival rate, but research on the
expression of POSTN in pleural effusion caused by NSCLC is less.

In this study, the sPOSTN level in the MPE group is observably
higher than that in the BPE group, which is consistent with the re-
sults of previous report.18 The pPOSTN level in the MPE group is
observably lower than the BPE group. It may be due to the high ex-
pression of POSTN in the stromal cells neighboring the tumor cells,
but not in the tumor cells,"® and MPE often contains tumor cells
rather than stromal cells. But the exact mechanism needs furthered
exploration and research.

The size of AUC represents the accuracy of diagnosis, and the in-
dicator has high diagnostic value when AUC >0.9. Our results found
that at the cutoff 0.317, the sensitivity and specificity of the joint
detection of SPOSTN/pADA, pCA199/pADA, and pCA199/pPOSTN
were 95.45% and 77.50% for the diagnosis of MPE and the AUC
0.912, giving it a significantly higher diagnostic value of MPE than
the other indicators in this study. We report for the first time that
joint detection of sPOSTN/pADA, pCA199/pADA, and pCA199/
pPOSTN is used to identify MPE caused by NSCLC from BPE.

5 | CONCLUSIONS

In a word, the diagnostic efficiency of combined detection of
sPOSTN/pADA, pCA199/pADA, and pCA199/pPOSTN for dif-
ferentiating MPE caused by NSCLC from BPE is very remarkable.
Therefore, it is a very important index to differentiate the type of
pleural effusion, which can help clinicians to make early diagnosis
and precise treatment of pleural effusion. On the other side, the de-
tections of pPOSTN and sPOSTN are convenient, simple, and fast,
which are expected to be the new markers for the diagnosis of MPE
caused by NSCLC.
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