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Abstract
Pleural effusion (PE) remains insurmountable challenge and public health problem, requiring novel noninvasive biomarkers for
accurate diagnosis. The aim of this study was to assess the clinical significance of apolipoprotein E (Apo-E) in PE, in order to
determine its potential use as a diagnostic biomarker for malignant PE (MPE).
PE samples were obtained from 127 patients and the etiology of PE was determined by multiple diagnostic techniques. Apo-E

levels were then measured in the pleural fluid samples.
58 PE patients were diagnosed with tumors, while 69 were tumor-free. Apo-E levels in MPE patients were significantly higher than

those with benign PE (BPE) (P< .05). An Apo-E cut-off of 69.96ng/mL yielded sensitivity and specificity of 79.31% and 73.91%
respectively for MPE detection. The area under the curve for Apo-E was 0.793 (95% confidence interval: 0.712 to 0.860), which was
smaller than that of carcinoembryonic antigen (CEA) (Z=2.081, P<.05). In addition, the combination of Apo-E and CEA detection
yielded a higher sensitivity of 87.90% and specificity of 95.65% in diagnosing MPE.
In conclusion, Apo-E levels in PE may be a potential biomarker for the detection of MPE. The combined detection of Apo-E and

CEA could improve the diagnostic sensitivity and specificity for MPE. These findings provide a simple and convenient method for
clinical screening and detection of PE.

Abbreviations: ADA = adenosine deaminase, Apo-E = apolipoprotein E, AUC = area under the curve, BPE = benign pleural
effusion, CYFRA = cytokeratin fragments 19, CEA = carcinoembryonic antigen, CI = confidence interval, LDH = lactate
dehydrogenase, MPE = malignant pleural effusion, PE = pleural effusion, PET/CT = positron emission tomography and computer
tomography, ROC = receiver-operating characteristic, SI = smoking index.
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1. Introduction

Pleural effusion (PE) is a commonclinical conditionwithmore than
50 recognized causes.[1] Since malignant PE (MPE) has significant
mortality, it is essential to rapidly distinguish it from the benign PE
(BPE).However, it is still an analytical challenge since the diagnosis
process is long and invasive,which further increases the risk for the
patients.[2] The gold standard for MPE diagnosis include pleural
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biopsy and exfoliative cytology which have an average sensitivity
of 60%, depending on the underlying primary tumor, specimen
preparation and experience of the cytologist.[3,4] Thoracoscopy
has the highest diagnostic sensitivity of more than 90%,[5] and is
alsohighly invasive, therebyprecluding itsuse onolder individuals,
or those in poor physical condition.[6] The recent advancements in
high-throughput techniques like proteomics and genomics have
revealed several biomarkers for this condition, and the over
expression of apolipoprotein E (Apo-E) has been shown to be
related to this malignancy.[7–10]Moreover, Apo-E levels were also
elevated in the PE of patients with nonsmall cell lung cancer.[11]

Many human lung cancer cell lines overexpress Apo-E, especially
those derived fromMPE in patientswith lung adenocarcinoma,[12]

but that needs to be validated prospectively. At a cut-off level
that achieves 100% specificity for the diagnosis of malignancy,
a panel of pleural fluid tumour markers including carcinoem-
bryonic antigen (CEA), CA-125, CA 15-3 and cytokeratin
fragments 19 has been shown to reach a combined sensitivity
of only 54%, such that a negative result cannot be used to support
a conservative approach to monitoringand investigation.[1]

Therefore, researchers have been trying to devise a novel, non-
invasive diagnostic method for MPE, with higher sensitivity
and specificity. The aim of this study was to further determine
the clinical efficacyanddiagnostic accuracyofApo-E forpredicting
malignancy in patients with unilateral PE. The diagnostic
efficacies of Apo-E and CEA were also compared, and the
diagnostic value of the Apo-E and CEA combination in
differentiating MPE from BPE was assessed, which expanded
the research of of Wang et al.[13]
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2. Subjects and methods

2.1. Participants

This was a prospective study patients with PE for the first time
admitted for further analysis at the Department of Respiratory,
Ningde Municipal Hospital Affiliated to Fujian Medical
University between January 2015 and December 2018. For
each patient, PE diagnosis was based on medical history(cough,
chest pain, dyspnea, and /or fever) and physical examination
(decreased breath sounds and percussion dullness), and con-
firmed by chest imaging. The inclusion criteria:
(1)
 All adult patients(aged >18years) admitted to hospital with
unilateral PE.
(2)
 The depth of PE was measured by ultrasonography greater
than 2cm, which enabled pleural fluid aspiration.
Patients with such conditions:
(1)
 The presence of coagulopathic states, systemic anticoagula-
tion, platelet dysfunction.
(2)
 Patients with evidence of skin or soft tissue infection
overlaying the site of needle insertion.
(3)
 Patients with severe disease may not tolerate the thoracentesis
were excluded.
The patients who met the inclusion criteria were coded
according to the order of admission, and 30 patients were
randomly selected from every 100 patients using a random
number generator. The demographic and diagnostic data of the
eligible patients were recorded from the charts, and the cases were
classified as MPE or BPE according to their etiologies. All
participants gave informed consent, and the study was approved
by the ethics committee of Ningde Municipal Hospital Affiliated
to Fujian Medical University.
2.2. Acquisition and detection of PE

Pleural fluid (20ml) was siphoned within 12hours of hospitali-
zation from each patient by thoracentesis, and were collected in
tubes containing ethylene diamine tetraacetic acid. The specimens
were centrifuged at 3000rpm for 10minute, and the extracted
supernatant was stored at -80°C until use. Apo-E, CEA, lactate
dehydrogenase (LDH), adenosine deaminase (ADA) levels in the
pleural fluid samples were determined by a clinical technician
blinded to the clinical data.
2.3. Instruments and reagents

CEA was detected by Roche cobas e 601 electro-chemilumines-
cence immuno-analyzer and suitable reagents. ADA and LDH
were analyzed by Roche cobas c702 automatic biochemical
analyzer using the peroxidase and colorimetric methods
respectively. Apo-E was detected by enzyme-linked immunosor-
bent assay, as per the instructions provided along with the kit
(Shanghai Meixuan Biotechnology Co. Ltd.). The above tests
were conducted by investigators who were blinded to the clinical
information.
2.4. Reference standard of MPE and BPE

In accordance with the PE diagnosis protocol released by British
Thoracic Society,[1] the etiology of PE was determined by
conventional fluid analysis, including cell classification count,
2

protein quantitation, LDH and ADA levels, microbial culture,
cytological examination of the pleural fluid, pleural biopsy
(blind, radiologically-guided or direct visualization of the pleura),
trans-bronchoscopic biopsy, lymph node biopsy, antinuclear
antibody set, acid-fast staining of phlegm, and/or positron
emission tomography and computer tomography scanning. A PE
was categorized as definitively tumor-related if tumor cells were
found in the pleural fluid or biopsy. A positive diagnosis of MPE
was made when a primary or metastatic carcinoma, which could
cause PEwithout any additional factors, were seen adjacent to the
pleura. BPE was identified as tuberculous PE, parapneumonic
effusion or connective tissue diseases -associated PE and so on.
The diagnosis of tuberculous PE was confirmed when 1 of the
following criteria was achieved: Mycobacterium tuberculosis
was identified based on the stain of sputum or bronchoalveolar
lavage fluid (BALF); typical caseating granuloma was found by
biopsy for histologic examination; or a remarkable response to
antituberculosis treatment was presented. PE associated with
pneumonia and response to antibiotics was confirmed as
parapneumonic effusion. PE asoociated with rheumatoid arthri-
tis, systemic lupus erythematosus and so on was classified as
connective tissue diseases-associated PE. In case the etiology was
unclear initially, we followed up the patients at the outpatient
department or called them to inquire about any changes in their
condition, diagnosis, or treatment until a definitive etiology was
determined. Two experienced clinicians were trained to conduct
separate quality control for the diagnosis of related diseases. If the
results were not consistent, the study group decided the results
after discussion.
2.5. Statistical analysis

The Kolmogorov-Smirnov test was used to evaluate the
distribution of all variables. For normally distributed data,
results are presented as mean± standard deviation, and for non-
normally distributed data, median (interquartile) was used. BPE
and MPE groups were compared by Mann–Whitney U test or
t test. Differences between categorical variables were tested by the
chi-square test. Logistic regression analysis was used to determine
factors affecting the test results. A receiver operating characteris-
tic (ROC) curve was created using the pleural fluid Apo-E and
CEA levels, with cutoff value taken from the concentration at the
maximum Jordan exponent, and the area under the curve (AUC)
was used to evaluate the ability of Apo-E and CEA tests to
differentiate MPE from BPE. AUCs were compared using
medcalc 15.2 (medcalc software bvba, Ostend, Belgium), and
other statistical analyses was performed using SPSS 16.0 (IBM,
Armonk, NY). P< .05 was considered statistically significant.
3. Results

3.1. Etiology of PE

A total of 446 participants with unilateral PE were admitted to
our hospital and 6 patients were excluded because of physical or
mental conditions. One - hundred thirty two patients were
selected randomly from 440 consecutive nonselected patients
with unilateral PE. The etiology of PE was initially identified in
104 cases.3 patients with inconclusive etiology who rejected
biopsy for histologic examination were excluded. The remaining
25 cases were followed up but 2 patients were excluded for lost
follow-up. The etiology of PE in follow-up patients was



Figure 1. Study flow chart of enrolling patients. ADA=adenosine deaminase, ANA=antinuclear antibodies, Apo-E=apolipoprotein E, BALF=bronchoalveolar
lavage fluid, BPE=benign pleural effusion, CEA=carcinoembryonic antigen, CT=computer tomography, LDH= lactate dehydrogenase, MPE=malignant pleural
effusion, PE=pleural effusion.
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established by repeated examination in our or other hospitals.
The longest time taken to determine the etiology was almost 3
months. A total of 127 patients were eventually enrolled in our
study (Fig. 1). The frequency distribution of PE etiologies is
shown in Table 1. Fifty-eight PE patients presented with a tumor,
of which lung cancer was most prevalent (n=43). Sixty-nine
patients were diagnosed with other non-malignant diseases,
including tuberculous pleurisy (n=48), parapneumonic effusion
(n=17), and connective tissue disease (n=4). There were no
additional side effects for Apo-E detection.

3.2. Demographic and clinical characteristics
Demographic and clinical characteristics of participants enrolled
in this study are shown in Table 2. Age and smoking index (SI: the
average root number per day multiplied by years of smoking) of
3

the MPE group was notably higher than the BPE group (P<.05),
and fever rate of the MPE group was lower than the BPE group
(P <.05),while sex, body mass index,chest pain and dyspnea
between the 2 groups were not statistically significant (P >.05).
The levels of Apo-E, CEA, ADA, and LDH in the pleural fluid
were compared between the MPE and BPE groups. The Apo-E
levels were significantly higher in the MPE compared to the BPE
patients [121.96±68.97ng/ml vs 45.12(53.37) ng/mL, P< .05,
Fig. 2]. CEA and LDH levels were significantly higher, and that of
ADA was significantly lower in the MPE group compared to the
BPE group (P< .05 for all).

3.3. Analysis of Apo-E level in PE affected by age and SI

Since the MPE and BPE patient groups were different in terms of
age, SI and fever rate, the impact of these 3 indices on Apo-E levels

http://www.md-journal.com


Table 1

Etiological distribution of unilateral pleural effusion (total n=127).

Diseases Cases Proportion (%)

MPE 58 45.7
Lung adenocarcinoma 36 28.3
Lung squamous cell carcinoma 3 2.4
Small cell lung cancer 4 3.1
Breast cancer 6 4.7
Stomach cancer 2 1.6
Esophageal cancer 2 1.6
Liver cancer 3 2.4
Lymphoma 2 1.6

BPE 69 54.3
Tuberculous pleurisy 48 37.8
Parapneumonic effusion 17 13.4
Connective tissue disease 4 3.1

BPE=benign pleural effusion, MPE=malignant pleural effusion.

Table 3

Logistic regression analysis of factors that may affect the level of
apolipoprotein E in pleural effusion.

Figure 2. The comparison of Apo-E levels in the PE of BPE and MPE groups.
The non-rank sum test showed that Apo-E levels were significantly lower in the
BPE compared to the MPE group. (P< .05) Apo-E=apolipoprotein E, BPE=
benign pleural effusion, MPE=malignant pleural effusion, PE=pleural effusion.
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was determined using the cutoff Apo-E value of 69.96ng/mL to
distinguish between the positive and negative samples. Logistic
regression analysis showed no significant association of age, SI and
fever rate with Apo-E levels (P= .312, .234 and .829, respectively,
Table 3). Therefore, age, SI and fever rate can be considered as
confounding factors in Apo-E mediated diagnosis of PE.
OR 95%CI P

Age 1.015 0.986∼1.045 .312
SI 1.001 1.000∼1.002 .234
Fever 0.924 0.449∼1.900 .829

P< .05 was considered statistically significant.
CI= confidence interval, OR= odds ratio, SI= smoking Index
3.4. Diagnostic value of Apo-E in differentiating MPE from
BPE

ROC curve analysis was carried out to determine a high-
specificity cutoff for Apo-E to and CEA to differentiate between
the 58MPE and 69 BPE patients (Fig. 3). A cutoff value of 69.96
ng/mL for pleural fluid Apo-E levels yielded sensitivity and
specificity of 79.31% and 73.91% respectively for the detection
of tumor in PEs. The AUC for Apo-E was 0.793 (95% confidence
interval [CI]; 0.712 to 0.860). The CEA cutoff value was 7.38
ng/mL, with sensitivity 74.1%, specificity 89.9%, and AUC
0.899 (95%CI 0.833 to 0.946). The diagnostic efficacy of CEA
was greater than that of Apo-E (Z=2.081; P= .037). When
Apo-E andCEAwere combined, the sensitivity and specificity of
the serial tests were 65.52% and 95.65% respectively, and that
Table 2

Clinical characteristics and levels of markers in pleural fluid (total n=

MPE (n=58)

Sex (Male/ Female) 33/25
Age, yr 54.31±9.84
SI (roots·yr) 200(600)
BMI (kg/m2) 23.82±4.00
Fever(%) 18(31.03%)
Dyspnea(%) 22(37.93%)
Chest Pain(%) 31(53.45%)
LDH (U/L) 495.52±294.10
ADA (U/L) 26.59±11.27
CEA (ng/mL) 17.63(74.29)
Apo-E (ng/mL) 121.96±68.97

ADA= adenosine deaminase, Apo-E= apolipoprotein E, BMI=body mass index, BPE=benign pleural effu
SI= smoking index. For normally distributed data, results are presented as mean± standard deviation (S
statistically significant.
∗
the value of x2.

† the value of t.
‡ the value of Mann-Whitney U.
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of parallel tests were 87.90% and 55.07% respectively
(Table 4).

4. Discussion

The incidence and associated medical costs of MPE are rising,
and its management remains palliative, with median survival
times ranging from 3 to 12 months.[5] It is therefore essential to
127).

BPE (n=69) Statistics P

38/31 0.043
∗

.837
48.16±15.13 2.754† .007

80(300) 1594.000‡ .040
23.51±3.65 0.459† .647
43(62.32%) 12.356

∗
.000

28(40.58%) 0.093
∗

.761
35(50.72%) 0.094

∗
.760

452.18(362.81) 1277.000‡ .000
49.57±21.90 -7.598† .000
2.15(3.50) 402.500‡ .000
45.12(53.37) 828.000‡ .000

sion, CEA= carcinoembryonic antigen, LDH= lactic dehydrogenase, MPE=malignant pleural effusion,
D), and for non-normally distributed data, median (interquartile) was used. P< .05 was considered



Figure 3. ROC curve analysis of Apo-E and CEA for predicting MPE. At Apo-E
cutoff of 69.96ng/mL, the sensitivity was 79.31% and specificity 73.91%. At
CEA cutoff of 7.38ng/mL, sensitivity was 74.1% and specificity 89.9%. Apo-E
AUC was 0.793 (95%CI 0.712 to 0.860) and CEA AUC was 0.899 (95%CI
0.833 to 0.946). The AUC of Apo-E was smaller than that of CEA. (z=2.081,
P= .037) ROC= receiver-operating characteristic, Apo-E=apolipoprotein E,
AUC=area under the curve, CEA=carcinoembryonic antigen, CI=confidence
interval.
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differentiate MPE from BPE, and identify a biomarker for MPE
that offers superior diagnostic sensitivity. We assessed the levels
of tumor biomarkers Apo-E in the pleural fluid of a randomly
selected patient population in China. Apo-E levels were
significantly higher in the MPE compared to the BPE patients.
Using a cutoff value of 69.96ng/mL, the sensitivity and specificity
of 79.31% and 73.91% were respectively obtained for Apo-E.
Our findings are consistent with previous studies showing
overexpression of Apo-E in MPE.[14]

A previous study indicated that at the cutoff 105ng/mL, the
sensitivity and specificity of Apo-E were 87.5% and 85.3%
respectively, and the AUC was 0.748, for the diagnosis of
MPE.[13] Our data slightly deviates from this observation, and
several reasons may be responsible. We selected the subjects
randomly from a consecutive series of participants, resulting in a
smaller bias. Furthermore, we did not exclude patients when the
etiology was initially unconfirmed and instead followed them up
till the exact etiology was determined, further lessening the bias.
Table 4

Diagnostic value of Apo-E and CEA in predicting MPE.

Groups Sensitivity Specificity Accurac

Apo-E 79.31% (46/58) 73.91% (51/69) 76.38% (97/12
CEA 74.14% (43/58) 89.86% (62/69) 82.68% (105/1
Apo-E+ CEA

∗
89.93% (51/58) 55.07% (38/69) 70.08% (

Apo-E+ CEA† 65.52% (38/58) 95.65% (66/69) 81.89% (

Apo-E= apolipoprotein E, CEA= carcinoembryonic antigen, MPE=malignant pleural effusion, NLR=neg
predictive value.
∗
Parallel test of ApoE+CEA.

† Serial test of ApoE+CEA.
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Due to random selection, the age, SI and fever rate of the 2 groups
were significantly different. However, logistic regression analysis
showed that none affected the diagnostic impact of Apo-E in PE,
and were thus confounding factors.[13]

Efforts are ongoing to develop a simple, low-cost, and
noninvasive test to distinguish diverse types of PE in clinical
and laboratory settings, but no typical biochemical approach
has been established so far. CEA is secreted in the PE when
the malignancy spreads to the adjacent pleura, while only low
amounts are released into the bloodstream since it is a
glycoprotein macromolecule.[15] It has been confirmed that
CEA level in the PE is remarkably higher than that in the
serum of the same patients. Therefore, CEA is an extensively
broad spectrum tumor marker which can be used in the
differential diagnosis of MPE and BPE.[15–17] and remains the
most dependable of all biomarkers examined to date.[18]

Therefore, we evaluated the diagnostic sensitivity, specificity,
and AUC of Apo-E relative to that of CEA to differentially
diagnose PE types. Our results showed that the diagnostic
efficacy of Apo-E was less satisfactory compared to that of
CEA. However, the Apo-E gene has several polymor-
phisms.[19] which may further improve its diagnostic efficacy.
In addition, using proteomics techniques, Tyan et al identified
Apo-E as 1 of the unique proteins in PE of patients with lung
adenocarcinoma.[11,13] This suggests that Apo-E may be more
helpful in the diagnosis of certain tumors. Additional studies
are needed to obtain a definitive result regarding the
diagnostic efficacy of Apo-E.
Numerous studies have confirmed that combined detection

of multiple tumor markers can enhance the sensitivity and
specificity of differential diagnosis of MPE.[20,21] We found
that the sensitivity and specificity of the combination of Apo-E
and CEA was 87.9% and 95.65% respectively, higher than
that of either marker used individually. There are however
several limitations of our study. First, the inpatients were
confined to the Department of Respiratory Medicine. Some
patients with PE were admitted to oncology, thoracic surgery
and infection department, so patients in this study were not
representative. In addition, Apo-E was not collected and
detected in sera of these patients, which may affect the
efficiency of differentiating MPE through sera Apo-E statistical
correction. Finally, our preliminary data did not show any
correlation between Apo-E values in MPE and Apo-E
polymorphisms. Further study is necessary to address these
concerns.
These findings provide additional evidence for the use of Apo-E

for the differential diagnosis of MPE and BPE, with a simple,
easily scalable method.
y PPV NPV PLR NLR

7) 71.88% (46/64) 80.95% (51/63) 3.04 0.28
27) 86.00% (43/50) 80.52% (62/77) 7.31 0.29
89/127) 62.20% (51/82) 84.44% (38/45) 1.96 0.22
104/127) 92.68% (38/41) 76.74% (66/86) 15.09 0.36

ative likelihood ratio, NPV=negative predictive value), PLR=positive likelihood ratio, PPV=positive
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5. Conclusion

Apo-E levels in PE may be a potential biomarker for the
detection of MPE. The combined detection of Apo-E and CEA
could improve the diagnostic sensitivity and specificity for
MPE.
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