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U/ml, and corresponding AUCs were 0.93, 0.85, and 0.81, 
respectively. The combination of CEA, CYFRA 21-1, and 
CA19-9 increased the sensitivity to 95.06%, with an AUC 
of 0.95. Eight studies were included in this meta-analysis. 
CEA showed the best diagnostic performance with pooled 
sensitivity, specificity, positive/negative likelihood ratio, 
and diagnostic odds ratio of 0.75, 0.96, 16.01, 0.23, and 
81.49, respectively. The AUC was 0.93.
Conclusions  CEA, CYFRA 21-1, and CA19-9 play a role 
in the diagnosis of lung adenocarcinoma-associated MPE. 
The combination of these tumor markers increases the 
diagnostic accuracy.

Keywords  Lung adenocarcinoma · Malignant pleural 
effusion · Tumor marker · Diagnosis · Meta-analysis

Introduction 

Malignant pleural effusion (MPE) is a common complica-
tion of lung cancer. It was reported that approximately 15% 
of lung cancer patients present with pleural effusion at the 
time of initial diagnosis, and up to 50% of patients would 
develop pleural effusion later in the course of their disease, 
especially for lung adenocarcinoma [1, 2]. Adenocarci-
noma is the most common histological type of lung cancer; 
approximately half of lung cancer patients are diagnosed 
with adenocarcinoma, and the incidence of lung adenocar-
cinoma is rapidly increasing worldwide [3, 4]. Lung adeno-
carcinoma patients often present with MPE, and the detec-
tion of lung adenocarcinoma-associated MPE is important 
because the presence of pleural effusion means the patient 
has a poor prognosis as it is classified as stage IV disease 
[5, 6]. The poor prognosis may be attributable to diagnostic 
delay and lack of effective therapies. Therefore, there is an 
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increasing need to discover biomarkers or to develop novel 
methods for the early diagnosis of lung adenocarcinoma-
associated MPE.

The diagnosis of MPE remains a clinical challenge. 
Cytological examination of pleural effusions obtained 
through thoracentesis is a standard and non-invasive 
method for the diagnosis of MPE; however, it has a sen-
sitivity of only 40–70% [7], and to identify the source of 
adenocarcinoma cells, further immunostaining examina-
tion may be needed [8]. Thoracoscopic pleural biopsy or 
image-guided percutaneous pleural biopsy can provide 
relatively high specificity, but such invasive procedures 
may not be available in all hospitals and may not be well 
tolerated by all patients [9]. Consequently, to establish 
the diagnosis of lung adenocarcinoma-associated MPE 
in a less-invasive way through tumor marker assays is of 
great interest to physicians. Classical tumor markers, such 
as carcinoembryonic antigen (CEA), cytokeratin fragment 
(CYFRA) 21-1, and cancer antigen (CA) 19-9 play a role 
in the identification of MPE [10, 11], while their roles in 
the diagnosis of lung adenocarcinoma-associated MPE 
have not been fully explained. To date, there is no consen-
sus with regard to whether these tumor markers are effec-
tive at detecting lung adenocarcinoma-associated MPE. 
The present study aimed to investigate the roles of CEA, 
CYFRA 21-1, and CA19-9 in the diagnosis of lung adeno-
carcinoma-associated MPE through a validation study and 
meta-analysis.

Patients and methods

Patients

The present study was conducted based on the principles 
expressed in the Declaration of Helsinki. Ethical approval 
was obtained from the West China Hospital of Sichuan 
University Ethics Committee. All patients provided written 
informed consent for the collection of samples and subse-
quent analysis at admission.

Pleural effusion samples were collected from 177 con-
secutive patients presenting with pleural effusion who were 
admitted to our hospital between February 2011 and Octo-
ber 2012. Among them, there were 81 patients with lung 
adenocarcinoma. Lung adenocarcinoma was diagnosed by 
(1) cytological examination with the presence of adeno-
carcinoma cells and showed positive immunocytochemi-
cal staining for thyroid transcription factor-1 in MPE cell 
blocks; (2) tumors that were histologically diagnosed from 
primary adenocarcinomas of the lung through biopsy; 
(3) additional ultrasound or radiological examinations 
excluded the tumor from other places. Additionally, 96 
benign pleural effusions (BPEs) were collected as controls.

Pleural effusion collection and tumor marker 
examination

All included subjects underwent a standard thoracocente-
sis procedure within 24 h after admission. All pleural effu-
sion samples were collected and transported to the Depart-
ment of Laboratory Medicine, West China Hospital within 
30 min of collection. CEA, CYFRA 21-1, and CA 19-9 in 
pleural effusions were detected by an electrochemilumines-
cence immunoassay (Roche Cobas 8000 modular analyser 
series; Roche Diagnostics, USA). Serum levels of tumor 
markers were also detected in some of these patients with 
MPE. Generally, measurement of these tumor markers will 
be completed within 4 h. In addition, pleural total protein, 
glucose, and lactate dehydrogenase (LDH) levels were also 
measured. The laboratory studies were blinded to the eti-
ologies of the pleural effusions.

Statistical analysis

Data were expressed as the mean ±  SD. Differences in 
data were analyzed by the nonparametric Mann–Whitney 
U‑test. The receiver operating characteristic curves and 
areas under the curve (AUCs) were calculated to determine 
the overall diagnostic value of each marker in pleural fluid. 
The sensitivity, specificity, positive predictive value, and 
negative predictive value for diagnosing lung adenocarci-
noma-associated MPE were also calculated. In addition, we 
evaluated the ability of a combination of two or all three 
tumor markers to distinguish lung adenocarcinoma-asso-
ciated MPE from BPE. Correlations were performed using 
the bivariate Pearson’s correlation test. Statistical analysis 
was carried out using SPSS 18.0 software (Chicago, IL, 
USA). A value of p < 0.05 was considered significant.

Meta‑analysis

Standard methods recommended for meta-analyses of diag-
nostic accuracy studies were used [12]. To identify stud-
ies that evaluated the use of CEA, CYFRA 21-1, and CA 
19-9 to diagnose lung adenocarcinoma-associated MPE, 
we searched in PubMed and EMBASE up to January 1, 
2016. The search terms were ‘pleural effusion or pleural 
fluid or hydrothorax’, ‘carcinoembryonic antigen or CEA 
or cytokeratin fragment 21-1 or CYFRA 21-1 or cancer 
antigen 19-9 or CA 19-9’, ‘lung adenocarcinoma or pul-
monary adenocarcinoma’ and ‘sensitivity or specificity or 
accuracy’. We also checked diagnostic studies on malig-
nant pleural effusion to identify potential studies. Only 
diagnostic studies using these tumor markers for diagnos-
ing lung adenocarcinoma-associated MPE on humans and 
published in the English language were included in the pre-
sent meta-analysis. Two reviewers independently assessed 
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the final set of articles and retrieved related data. The meth-
odological quality of included studies was evaluated using 
the Quality Assessment for Studies of Diagnostic Accuracy 
[13].

The following measures of test accuracy, together with 
95% confidence intervals (95% CIs) were calculated for 
each study—sensitivity, specificity, positive likelihood 
ratio (PLR), negative likelihood ratio (NLR), and diagnos-
tic odds ratio (DOR). The sensitivity and specificity for the 
single test threshold identified for each study was used to 
plot a summary receiver operating characteristic (SROC) 
curve. Spearman’s rank correlation was used to test for 
threshold effects. The heterogeneity effect was measured 
using the Q test and the inconsistency index (I2). A random-
effects meta-analysis was carried out to take into account 
inter-study variability. Deeks’ funnel plots were used to 
detect potential publication bias. All meta-analyses were 
performed using two statistical software programs—Meta-
DiSc for Windows (XI, Cochrane Colloquium, Barcelona, 
Spain) and Stata (version 12, Stata Corporation, College 
Station, TX, USA). All statistical tests were two-sided, and 
significance was set at p < 0.05.

Results

Patient characteristics

Of the 177 patients, 81 (40 male, 41 female, mean age 60 
years) were diagnosed with lung adenocarcinoma-associ-
ated MPE. The 96 controls with BPE comprised 68 males 
and 28 females with a median age of 58 years. Therefore, 
the two groups did not differ significantly in terms of age 
or sex.

Of the 81 cases of lung adenocarcinoma-associated 
MPE, the cytology examination was positive in 26 cases 
(32.09%). Of the 96 patients with BPE in the control 
group, there were 46 cases of tuberculous pleural effusion, 
22 cases of heart failure, 20 cases of parapneumonic effu-
sion, four cases of hepatic pleural effusion and four cases 
of transudates without evidence of malignancy. The clinical 
characteristics and biochemical results of the study popula-
tion are summarized in Table 1.

Levels of tumor markers and diagnostic accuracy

The median levels of CEA, CYFRA 21-1, and CA 19-9 
were significantly higher in lung adenocarcinoma-
MPE patients than in BPE controls (293.59  ±  397.89 
vs 2.92  ±  15.65  ng/ml for CEA; 154.77  ±  174.49 
vs 25.03  ±  40.98  μg/ml for CYFRA 21-1; and 
127.00 ±  281.85 vs 5.83 ±  8.61 U/ml for CA19-9; all p 
values <0.001).

There were 81, 71 and 43 patients with paired serum/
pleural effusion results for CEA, CYFRA 21-1, and CA 
19-9 measurements, respectively. Pleural levels of CEA, 
CYFRA 21-1, and CA 19-9 were significantly higher 
than in corresponding serum levels (293.59  ±  397.89 
vs 31.78  ±  58.43  ng/ml for CEA; 163.97  ±  179.51 
vs 12.24  ±  17.20  μg/ml for CYFRA 21-1; and 
219.81 ± 363.43 vs 21.39 ± 25.44 U/ml for CA19-9; all p 
values <0.001). Pleural levels of tumor markers correlated 
positively with serum levels of tumor markers (r = 0.365, 

Table 1   Patient characteristics and biochemical results of pleural 
effusion

CEA carcinoembryonic antigen, CY FRA 21-1 cytokeratin fragment 
21-1, CA 19-9 cancer antigen 19-9, LA-MPE lung adenocarcinoma-
associated malignant pleural effusion, BPE benign pleural effusion

LA-MPE BPE p value

No. of cases 81 96

Age (years) 60 ± 14 58 ± 19 0.489

Sex (M/F) 40/41 68/28 0.079

Pleural biochemistry

 Glucose (mmol/l) 5.17 ± 2.47 5.97 ± 1.80 0.014

 Protein (g/l) 43.25 ± 10.41 40.26 ± 12.74 0.093

 LDH (U/l) 453.32 ± 461.68 356.65 ± 718.91 0.299

 CEA (ng/ml) 293.59 ± 397.89 2.92 ± 15.65 0.000

 CYFRA 21-1  
(μg/ml)

154.77 ± 174.49 25.03 ± 40.98 0.000

 CA 19-9 (U/ml) 127.00 ± 281.85 5.83 ± 8.61 0.000

Fig. 1   ROC curves of CEA, CYFRA 21-1, and CA 19-9 for differ-
entiating lung adenocarcinoma-associated malignant pleural effu-
sion from benign pleural effusion. CEA carcinoembryonic antigen, 
CYFRA 21-1 cytokeratin fragment 21-1, CA 19-9 cancer antigen 
19-9, ROC receiver operating characteristic
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p = 0.000 for CEA, r = 0.280, p = 0.018 for CYFRA 21-1, 
and r = 0.592, p = 0.000 for CA 19-9).

As shown in Fig.  1, CEA showed the best discrimi-
nate ability; at a cut-off value of 4.55 ng/ml, the sensitiv-
ity, specificity, positive predictive value, and negative 
predictive value were 83.95, 96.88, 95.77 and 90.56%, 
respectively, and the AUC was 0.93. The cut-off value, 
sensitivity, specificity, positive predictive value, negative 
predictive value, and AUC values of the three tumor mark-
ers are shown in Table 2. For the 55 patients diagnosed by 
histopathological examination, the AUCs of pleural CEA, 
CYFRA 21-1, and CA 19-9 were 0.928, 0.817 and 0.838, 
respectively.

Diagnostic performance of tumor marker combinations

Next, we investigated the diagnostic performance of dif-
ferent tumor marker combinations. Regarding the com-
bination of two markers, the CEA and CYFRA 21-1 pair 
showed the best diagnostic accuracy with an AUC of 0.95, 
a sensitivity of 87.65%, and a specificity of 93.75%. When 
the three tumor markers were combined together, the sensi-
tivity increased to 95.06%, specificity was 87.50%, and the 
AUC increased to 0.95 (Fig. 2).

Meta‑analysis

Eight studies (including the present study) that evaluated 
the diagnostic accuracy of lung adenocarcinoma-MPE 
using pleural concentrations of CEA, CYFRA 21-1, and 
CA 19-9 were included in this meta-analysis [14–20]. All 
the lung adenocarcinoma-MPEs were diagnosed with the 
presence of adenocarcinoma cells in cytological or biopsy 
specimens, which is considered the gold standard for MPE 
studies. The QUADAS scores of included studies were all 
>10, suggesting the reliability of our results. The clinical 
summary and quality assessment of included studies are 
shown in Table 3.

CEA showed the highest diagnostic accuracy for lung ade-
nocarcinoma-MPE with pooled sensitivity, specificity, PLR, 
NLR, and DOR of 0.75 (95% CI 0.71–0.79), 0.96 (95% CI 
0.94–0.97), 16.01 (95% CI 8.95–28.65), 0.23 (95% CI 0.15–
0.35), and 81.49 (95% CI 34.55–192.24), respectively. The 
AUC was 0.93, with a Q value of 0.86. The SROC curves of 
CEA, CYFRA 21-1, and CA 19-9 are shown in Fig. 3. The 
pooled data for each tumor marker are summarized in Table 4.

Although we identified significant heterogeneity in the 
meta-analysis of all three tumor markers (data not shown), 
we did not perform a meta-regression analysis to investi-
gate potential covariates due to the limited numbers of 
studies included. No publication biases were identified for 
the three tumor markers, and the p values of slope coeffi-
cient were 0.63, 0.52 and 0.15 for CEA, CYFRA 21-1, and 
CA 19-9, respectively.

Table 2   The diagnostic performance of CEA, CY FRA 21-1, and CA 19-9 for lung adenocarcinoma-associated malignant pleural effusion

CEA carcinoembryonic antigen, CY FRA 21-1 cytokeratin fragment 21-1, CA 19-9 cancer antigen 19-9, PPV positive predictive value, NPV 
negative predictive value, AUC area under the curve

Tumor marker Cut-off value Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC

CEA 4.55 ng/ml 83.95 96.88 95.77 90.56 0.93

CYFRA 21-1 43.10 μg/ml 66.67 88.54 83.07 75.89 0.85

CA 19-9 12.89 U/ml 60.49 91.67 85.96 73.33 0.81

CEA + CYFRA 21-1 87.65 93.75 92.21 90.00 0.95

CEA + CA 19-9 88.89 93.75 92.30 90.91 0.93

CYFRA 21-1 + CA 19-9 86.42 80.21 78.65 87.50 0.89

CEA + CYFRA 21-1 + CA 19-9 95.06 87.50 86.52 95.45 0.95

Fig. 2   ROC curves of CEA, CYFRA 21-1, and CA 19-9 combina-
tion for differentiating lung adenocarcinoma-associated malignant 
pleural effusion from benign pleural effusion. CEA carcinoembry-
onic antigen, CYFRA 21-1 cytokeratin fragment 21-1, CA 19-9 cancer 
antigen 19-9, ROC receiver operating characteristic
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Discussion

As lung adenocarcinoma is characterized by high inva-
siveness and metastasis capability, patients with lung 
adenocarcinoma are more likely to present pleural effu-
sion [6, 21]. The early and accurate diagnosis of lung 

adenocarcinoma-associated MPE may play an important 
role in the management of patients, by guiding sequent 
targeted therapy. Our study carried out a clinical study 
and confirmed that pleural levels of CEA, CYFRA 21-1, 
and CA 19-9 were significantly increased in lung adeno-
carcinoma-associated MPEs, and further meta-analysis 

Table 3   Clinical summary and quality assessment of included studies

CEA carcinoembryonic antigen, CYFRA 21-1 cytokeratin fragment 21-1, CA 19-9 cancer antigen 19-9, ECLIA electrochemiluminescence immu-
noassay, TP true positive, FP false positive, FN false negative, TN true negative, QUADAS Quality Assessment of Diagnostic Accuracy Studies

Author Year Country Cases Controls Assay method Cut-off value TP FP FN TN QUADAS

CEA

 Huang et al. 2010 China 41 93 ECLIA 6 μg/l 36 3 5 90 11

 Han et al. 2013 Korea 37 40 ECLIA 7.6 μg/l 29 1 8 39 11

 Hsieh et al. 2013 China 74 99 ECLIA 6 ng/ml 57 0 17 99 11

 Lv et al. 2013 China 107 61 Enzyme-linked immunoassay 12.5 ng/ml 78 6 29 55 10

 Wang et al. 2013 China 90 40 Chemiluminescence method NA 48 3 42 37 10

 Shin et al. 2014 Korea 45 42 ECLIA 7.6 μg/l 35 1 10 41 11

 Son et al. 2015 Korea 47 52 ECLIA 2.9 μg/l 41 4 6 48 11

 Feng et al. 2016 China 81 96 ECLIA 2.9 ng/ml 68 3 13 93 11

Cyfra 21-1

 Huang et al. 2010 China 41 93 ECLIA 60 μg/l 33 7 8 86 11

 Han et al. 2013 Korea 37 40 ECLIA 41.9 μg/L 29 7 8 33 11

 Hsieh et al. 2013 China 74 99 ECLIA 60 ng/ml 43 2 31 97 11

 Wang et al. 2013 China 90 40 ECLIA NA 60 11 30 29 10

 Son et al. 2015 Korea 47 52 Chemiluminescent enzyme immunoassay 34.3 μg/l 39 12 8 40 11

 Feng et al. 2016 China 81 96 ECLIA 43.1 μg/ml 54 11 27 85 11

CA19-9

 Wang et al. 2013 China 90 40 Chemiluminescence method NA 52 11 38 29 10

 Son et al. 2015 Korea 47 52 ECLIA 22.6 μg/l 26 12 21 40 11

 Feng et al. 2016 China 81 96 ECLIA 12.89 U/ml 49 8 32 88 11

Fig. 3   SROC curve of CEA, CYFRA 21-1, and CA 19-9 for the 
diagnosis of lung adenocarcinoma-associated malignant pleural effu-
sion. The size of each solid circle represents the size of each study 

included in the present meta-analysis. The regression SROC curve 
indicates the overall diagnostic accuracy. a CEA, b CYFRA 21-1, c 
CA 19-9
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confirmed that these tumor markers may be useful for dis-
tinguishing lung adenocarcinoma-associated MPEs from 
BPEs.

CEA has been used as a tumor marker for MPEs for a 
long time. A recently published meta-analysis indicated 
that the overall sensitivity and specificity of CEA in the 
diagnosis of MPE were 54.9 and 96.2%, indicating good 
specificity but poor sensitivity [11]. In addition, CEA is 
also used to label lung adenocarcinoma cells in pleural 
effusion through immunocytochemical examinations [22]. 
In this study, CEA showed a sensitivity of 83.95% and a 
specificity of 96.88% in the diagnosis of lung adenocarci-
noma-associated MPE, suggesting CEA may be more sen-
sitive in the detection of lung adenocarcinoma in pleural 
effusion. Such results were consistent with other reports. In 
a report by Huang et al. using a cut-off value of 6 μg/l, the 
sensitivity and specificity of CEA in the diagnosis of lung 
adenocarcinoma-associated MPE were 87.8 and 96.8%, 
respectively [14]. When compared with other causes of 
MPE, the pleural level of CEA also plays a specific role 
in the identification of lung adenocarcinoma-associated 
MPE. In a retrospective study of 251 cases of MPE, lung 
adenocarcinoma-associated MPE showed the highest pleu-
ral levels of CEA than other causes of MPE, including lung 
squamous cell carcinoma, mesothelioma, small-cell lung 
cancer, lymphoma/leukemia, and breast cancer [23]. These 
findings support CEA as a sensitive tumor marker for lung 
adenocarcinoma-associated MPE.

In our meta-analysis, eight studies (522 cases and 523 
controls) that examined the diagnostic accuracy of CEA 
for lung adenocarcinoma-associated MPE were included. 
The results showed that the pooled specificity of CEA was 
0.96, also suggesting a low rate of misdiagnosis; however, 
the sensitivity was 0.75, suggesting a high rate of missed 
diagnoses (25%). Thus, the clinical utility of CEA to 
screen lung adenocarcinoma-associated MPE is limited. 
To improve the clinical applicability of these results, DOR, 
PLR/NLR, and AUC were generated. A DOR of 81.49 sug-
gested a high diagnostic ability of CEA. The PLR of CEA 

was >10, suggesting that a positive test result for these anti-
gens would indicate a relatively high chance of having lung 
adenocarcinoma-associated MPE. However, the NLR was 
0.23, indicating that a negative CEA measurement result 
presents a 23% likelihood of being a false negative, which 
is not sufficiently low to rule out lung adenocarcinoma-
associated MPE. The AUC was 0.93, suggesting a high 
overall diagnostic accuracy of CEA.

CYFRA 21-1 is a fragment of cytokeratin 19 which pro-
vides a useful marker for epithelial malignancies, distinctly 
reflecting ongoing cell activity. Accelerated CK19 degrada-
tion occurs in neoplastically transformed epithelial cells as 
a result of increased protease activity of caspase 3, a regu-
lator of the apoptosis cascade, and fragments are released 
into circulation. Therefore, increased CYFRA 21-1 is rec-
ognized as typical tumor marker [24]. Studies have reported 
that the sensitivity of CYFRA 21-1 is higher in lung squa-
mous cell carcinoma than in lung adenocarcinoma [25]. 
The diagnostic sensitivity of CYFRA 21-1 in this study 
containing only lung adenocarcinoma cases would be not 
expected to be too high. In this study, the sensitivity of 
CYFRA 21-1 was only 66.67%. CA 19-9 is an isolated 
Lewis antigen of the MUC1 protein. Serum CA19-9 meas-
urement plays an important role in the diagnosis of pancre-
atic cancer [26]. Growing studies suggest that CA19-9 also 
plays a role in determining MPE with an overall sensitiv-
ity of 37.6%, and specificity of 98% [11]. Our study found 
that pleural CA19-9 levels were significantly increased in 
lung adenocarcinoma-associated MPE, although the sensi-
tivity was only 60.49%. These results suggest that clinical 
value of CYFRA 21-1 and CA19-9 in the screening of lung 
adenocarcinoma-associated MPE is limited, and the inter-
pretation of diagnostic results of CYFRA 21-1 and CA19-9 
should be objective.

Examination of a combination of multiple tumor bio-
markers to diagnose MPE has become an area of interest 
for clinicians [14, 16, 27]. In this study, the combination of 
CYFRA 21-1 or CA19-9 with CEA increases the diagnos-
tic accuracy, and the CEA and CYFRA 21-1 pair showed 

Table 4   Meta-analysis results 
of CEA, CYFRA 21-1, and 
CA19-9

CEA carcinoembryonic antigen, CYFRA 21-1 cytokeratin fragment 21-1, CA 19-9 cancer antigen 19-9, 
PLR positive likelihood ratio (PLR), NLR negative likelihood ratio, DOR diagnostic odds ratio, AUC area 
under the curve

CEA (n = 8) CYFRA 21-1 (n = 6) CA19-9 (n = 3)

Sensitivity (95% CI) 75% (71–79%) 70% (65–74%) 58% (51–65%)

Specificity (95% CI) 96% (94–97%) 88% (85–91%) 84% (77–89%)

PLR (95% CI) 16.01 (8.95–28.65) 5.50 (3.18–9.52) 3.23 (1.56–6.67)

NLR (95% CI) 0.23 (0.15–0.35) 0.35 (0.27–0.44) 0.52 (0.42–0.64)

DOR (95% CI) 81.49 (34.55–192.24) 18.69 (9.13–38.25) 6.29 (2.39–16.50)

AUC 0.93 0.85 0.56

Q value 0.86 0.78 0.55
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the highest diagnostic accuracy, with an AUC of 0.95. The 
combination of the three tumor markers showed the highest 
sensitivity of 95.1%, with an AUC of 0.95, but the specific-
ity was decreased at 87.5%. We suggest that the examina-
tion of combined tumor markers should be recommended 
in the identification of lung adenocarcinoma-associated 
MPE.

In clinical practice, tumor marker test results may not 
replace pathological evidence when establishing the diag-
nosis of lung adenocarcinoma-associated MPE. One of 
the aims of this study is to help clinicians decide when 
to obtain a cytological/histological specimen by invasive 
measures to investigate a possible diagnosis of malignancy 
if the tumor markers test results are positive and, more 
importantly, in patients with pseudo-negative cytology of 
their pleural effusions [16]. When the results suggest a high 
possibility of lung adenocarcinoma, more suitable manage-
ment should be planned. Additionally, although increasing 
novel diagnostic markers or techniques are used for diag-
nosing MPE, such as microRNAs and CD66c [15, 19, 20], 
tumor markers like CEA, CYFRA 21-1, and CA 19-9 still 
have obvious advantages. These markers are currently used 
tumor markers for MPE that can be detected in most hospi-
tals and are almost affordable for every patient. Other novel 
markers, however, still have a long way to go from bench 
to bedside.

There were several limitations in this study. First, this 
is a small-scale single-center study, and our meta-analy-
sis only included eight studies. More prospective studies 
on a larger scale should be performed in multiple cent-
ers with different populations to validate our findings. We 
also observed that all included studies were performed in 
East Asia; however, studies should be performed to check 
whether there are ethnic differences among Western and 
Eastern countries. Additionally, we did not compare the 
pleural levels of tumor markers in lung adenocarcinoma-
associated MPE with other causes of MPE. Further studies 
should be pay attention to discriminating lung adenocarci-
noma-associated MPE from other causes of MPE.

Conclusion

Taken together, measurement of pleural CEA, CYFRA 
21-1, and CA 19-9 levels plays a role in the diagnosis of 
lung adenocarcinoma-associated MPE. The combination of 
these tumor markers increases the diagnostic accuracy.
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