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Abstract

Background: Cytokeratin 19 Fragment (CYFRA 21-1) is one of the commonly used tumor markers in
clinical practice. The examination of CYFRA 21-1 in pleural effusions may help establish the diagnosis
of Malignant Pleural Effusion (MPE). However, given the relatively low sensitivity, it is often used in
combination with other tumor markers. Thus, we performed this systematic review and meta-analysis,
aiming to explore the diagnostic performance of parallel diagnostic algorithms based on CYFRA 21-1 in
MPE.
Material and methods: The databases of Pubmed, Embase and the Cochrane Library were searched
from their inception to February 2015 for eligible studies. We included studies that reported the
performance of CYFRA 21-1 plus another tumor marker for diagnosing MPE. The STATA software was
employed for data analysis, using the bivariate random-effects model. However, when only less than four
records were included, the Meta-Disc software was used for data processing.
Results: Eleven studies assessed the diagnostic performance of pleural CYFRA 21-1 plus CEA for MPE.
The pooled data showed that the sensitivity was 88% (76%-94%) and the specificity was 87%
(83%-90%). The Positive Likelihood Ratio (PLR) was 6.6 (4.8-8.9), and the negative LR (NLR) was 0.14
(0.07-0.29). Four studies reported the diagnostic accuracy of pleural CYFRA 21-1 plus serum CYFRA
21-1 in MPE. The aggregated results revealed that the sensitivity was 76% (66%-84%), with a specificity
of 87% (75%-93%). The PLR was 5.7 (2.8-11.5), with a NLR of 0.28 (0.19-0.41).
Conclusions: The parallel diagnostic algorithms, including pleural CYFRA 21-1 plus CEA, and pleural
CYFRA 21-1 plus serum CYFRA 21-1, showed satisfactory and reliable diagnostic values in MPE.
When compared with single tumor marker, the parallel test substantially increased the sensitivity and
the diagnostic accuracy.
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Introduction
Malignant Pleural Effusion (MPE) is common in cancer
patients and most commonly secondary to lung cancer, breast
cancer, lymphoma and pleural mesothelioma etc. [1]. Autopsy
data show that MPE occurs in approximately 15% of cancer-
related deaths [2]. In the United States, there are about 100,000
new cases of MPE each year, 43% of which are hospitalized
due to MPE [3]. Moreover, median survival time is greatly
reduced to only 3-12 months in cancer patients with MPE [4].
MPE is the primary cause of pleural effusions, and
approximately 42-77% of pleural effusions are caused by
malignancies [1].

Detection of tumor markers in pleural fluid is important for
distinguishing benign and malignant pleural effusions.

However, a single tumor marker has significant limitations in
establishing a definite diagnosis. Two meta-analyses were
performed to compare the diagnostic value of common tumor
markers in MPE, such as CA 19-9, CEA, CA 15-3, CA 125,
and cytokeratin 19 fragments (CYFRA 21-1). They found that
the use of a single tumor marker was unable to obtain
satisfactory diagnostic performance, and high specificity
(>90%) and low sensitivity (<80%) were generally presented.
Although CYFRA 21-1 has a relatively high diagnostic
sensitivity, it was only about 60% [5,6].

CYFRA-21-1 is a fragment of cytokeratin 19. Cytokeratin
forms the cytoskeleton together with actin filaments and
microtubules, which is one of the important features of
epithelial cells [7]. Cytokeratin family consists of 20
polypeptides with different molecular weights and isoelectric
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points. They are insoluble in plasma, but can form some
plasma soluble fragments after protease hydrolysis. Among
them, cytokeratin 19 is a cytokeratin molecule with a minimum
molecular weight of 40 kDa [8]. It itself is not organ-specific
or tumor-specific. However, its hydrolysis product, cytokeratin
19 fragment, is increased in the serum of patients with
malignant tumors, especially in patients with lung cancer.
Moreover, this marker is closely related with the prognosis of
lung cancer, especially non-small cell lung cancer [9-12]. As
this fragment can be detected by the use of two monoclonal
antibodies, BM21-1 and KS19-1, it is also called cytokeratin
fragment [13].

As combined diagnostic method, the parallel test can increase
sensitivity. The parallel detection of various tumor markers in
pleural fluid is the most direct and easy way to improve
diagnostic sensitivity. However, there are many different
combinations in parallel tests. Given the relatively high
sensitivity of CYFRA 21-1 in the diagnosis of MPE, assessing
and comparing the advantages and disadvantages of pleural
fluid CYFRA 21-1-based parallel tests (e.g., CYFRA
21-1+CEA, CYFRA 21-1+CA125) has important value in
further improving the accuracy of MPE diagnosis. However,
different conclusions have been drawn from different studies
about the same parallel test. Huang et al. reported that the
combination of CYFRA 21-1 with CEA had a sensitivity of
97.6% and a specificity of 91.4% [14]. In contrast, Lai et al.
found a sensitivity of 72% and a specificity of 89% for the
same combination [15]. Currently, the understanding of
parallel test lacks strong evidence-based support. In view this,
this paper intends to systematically evaluate different studies
by diagnostic meta-analysis.

Methods

Search strategy
The meta-analysis was performed in accordance with the
PRISMA guidelines [16]. Pubmed, Embase and Cochrane
Library databases were searched from to February 2016. The
following search strategy was mainly used: “pleural effusion”
AND (“cytokeratin 19 fragment” OR “CYFRA 21-1” OR
cytokeratin fragment”). Only English-language articles were
included. References of included articles were also searched to
avoid omission.

Inclusion and exclusion criteria
The following inclusion criteria were established: (1) The full
text was available, and published in English; (2) Both patients
with benign pleural effusion and with MPE were enrolled,
detection results of pleural fluid CYFRA 21-1 were reported,
the value of using pleural fluid CYFRA 21-1 in parallel with
other commonly used tumor markers (e.g., CEA, CA19-9,
CA15-3 and CA125) or blood CYFRA 21-1 in the diagnosis of
MPE was assessed; only the combination of CYFRA 21-1 with
another marker was discussed in this paper; (3) The sensitivity
and specificity of the marker combination in the diagnosis of
MPE can be extracted directly from the text or can be

indirectly calculated; (4) Cytological or histopathological
evidence was used as the reference standard of diagnosis.

The exclusion criteria were established as follows: (1) The full
text was not available or published in English; (2) Only
patients with MPE were included, with no comparison with
those with benign pleural effusion; (3) Data were only
available for diagnosis using CYFRA 21-1, or using CYFRA
21-1 combined with two or more markers (the number of
markers used in combination ≥ 3).

Data extraction and study quality assessment
The following information was extracted independently by two
authors Yan Gu and Xiaojuan Qiao) from each of the included
studies: author, year of publication, study type, region, sample
size, age, sex ratio, reference standard, type of combination
used for detection, critical value, and type of tumor that caused
secondary MPE. In addition, sensitivity, specificity, and
diagnostic odds ratio of the studied markers were directly
extracted or indirectly calculated. Quality of included studies
was assessed with version 2 of the Quality Assessment of
Diagnostic Accuracy Studies (QUADAS-2) [17]. QUADAS-2
includes 11 items in four domains: (1) Patient selection: a. Was
a consecutive or random sample of patients enrolled? b. Was a
case-control design avoided? c. Did the study avoid
inappropriate exclusions? (2) Index test: a. Were the index test
results interpreted in a blinded fashion? b. If a threshold was
used, was it pre-specified? (3) Reference standard: a. Is the
reference standard likely to correctly classify the target
condition? b. Were the reference standard results interpreted in
a blinded fashion? (4) Flow and timing: a. Was there an
appropriate interval between index test(s) and reference
standard? b. Did all patients receive a reference standard? c.
Did all patients receive the same reference standard? d. Were
all patients included in the analysis? Three options, yes, no,
and unclear, were provided for each item.

Statistical analysis
When ≥ 4 studies were included, meta-analysis was performed
in STATA (version 13.0, Stata Corp) using a bivariate random-
effects model (midas and metani modules), which has been
widely recommended and applied in recent years [18].
However, the model requires that no less than four studies are
included [19]. Therefore, when STATA was not applicable,
meta-analysis was performed in the traditional diagnostic
meta-analysis software Meta-Disc (version 1.4, Ramony Cajal
Hospital, Madrid, Spain) using a DerSimonian and Laird
random-effects model [20]. Statistical effect size values and
their 95% confidence intervals to be calculated include:
sensitivity (Sen), specificity (Spe), positive likelihood ratio
(PLR), negative likelihood ratio (NLR), and diagnostic odds
ratio (DOR). Meta-analysis of data was performed using a
bivariate random effects model [21]. In addition, a summary
receiver operating characteristic (SROC) curve was
constructed. Publication bias was qualitatively assessed by
constructing a funnel plot, and quantitatively assessed by
regression analysis [22].
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Between-study heterogeneity was measured by I2. I2>50% was
considered to represent significant heterogeneity [23]. If the
meta-disc software was applied, the focus was on the
heterogeneity caused by threshold and non-threshold effects.
The threshold effect was evaluated by analyzing the SROC
curve and calculating the Spearman correlation coefficient. If
the SROC curve exhibited a “shoulder-arm” shape, and/or the
P value of Spearman correlation coefficient was <0.05, a
threshold effect existed [20]. If there was a threshold effect, the
best way to merge data was to fit the SROC curve and
calculate AUC [24]. If there was no threshold effect, then Sen,
Spe and other statistics were calculated, the SROC curve was
constructed, and AUC was calculated. In all statistical
analyses, P<0.05 was considered statistically significant.

Results

Document retrieval
The preliminary database search identified 99 articles,
including 49 from Pubmed, 47 from Embase, and 3 from
Cochrane. After 41 duplicate articles were excluded, the title
and abstract of the remaining 58 articles were reviewed and
screened.

Next, 21 articles with an ineligible study type or irrelevant
content were excluded. The remaining 37 full-text articles were
included in the assessment. After that, 18 articles without
combined detection results or a benign pleural effusion control
group, and 3 articles that combined three or more markers were
excluded.

Finally, 16 articles were included in the systematic review and
meta-analysis. The retrieval process is detailed in Figure 1.

Characteristics and quality assessment of included
studies
The included studies were published from 1998 to 2015.
Among them, eight were conducted in Asian populations, five

in European populations, two in African populations and one in
South American populations [10,14,15,25-36]. Six of them
were prospective studies [10,26,28,31,34,37]; the remainder
were retrospective analyses. Sample size ranged from 40 to
196.

Cytology or pathology was the reference standard of diagnosis
in all these studies. The results of study quality evaluation
using QUADAS-2 are shown in Table 1. All the included
studies met the requirements of all items, except that the
reference standard results were not interpreted in a blinded
fashion (16/16), and that the index test results were not
interpreted in a blinded fashion (12/16).

Figure 1. Flow chart of retrieval.

Table 1. Evaluation of study quality by QUADAS-2.

Study Was a
consecutiv
e or
random
sample of
patients
enrolled?

Was a
case-
control
design
avoided?

Did the study
avoid
inappropriate
exclusions?

Were the
index test
results
interpreted
without
knowledge
of the
results of
the
reference
standard?

If a
threshold
was used,
was it
pre-
specified
?

Is the
reference
standard
likely to
correctly
classify
the target
condition?

Were the
reference
standard
results
interpreted
in a blinded
fashion?

Was there
an
appropriate
interval
between
index test(s)
and
reference
standard?

Did all
patients
receive a
reference
standard?

Did all
patients
receive
the same
reference
standard?

Were all
patients
included
in the
analysis
?

Salama et al. Unclear Yes Unclear No Yes Yes No Yes Yes Yes Yes

Ferrer et al. Yes Yes Yes No Yes Yes No Yes Yes Yes Yes

Lai et al. Unclear Yes Unclear No Yes Yes No Yes Yes Yes Yes

Alata et al. No Yes No Yes Yes Yes No Yes Yes Yes Yes

The diagnostic value of parallel detection of cytokeratin 19 fragment-based tumor markers in malignant pleural
effusion: a systematic review and meta-analysis

8107Biomed Res 2017 Volume 28 Issue 18



Dejsomritrutai
et al.

Yes Yes Yes No Yes Yes No Yes Yes Yes Yes

Lyubimova et
al.

No No Unclear No No Yes No Yes Yes Yes Yes

Lee et al. No No Yes Yes Yes Yes No Yes Yes Yes Yes

Shitrit et al. Yes Yes Yes Yes No Yes No Yes Yes Yes Yes

Wagner et al. Yes Yes Yes No Yes Yes No Yes Yes Yes Yes

Wu et al. Yes Yes Yes No Unclear Yes No Yes Yes Yes Yes

Li et al. Unclear No No Yes Yes Yes No Yes Yes Yes Yes

Huang et al. Yes Yes Unclear No Yes Yes No Yes Yes Yes No

Farag et al. No No Yes No Yes Yes No Yes Yes Yes Yes

Han et al. Yes Yes Unclear No Yes Yes No Yes Yes Yes Yes

Son et al. Yes Yes No No Yes Yes No Yes Yes Yes Yes

El-Shimy et al. Unclear No Unclear No Yes Yes No Yes Yes Yes Yes

Figure 2. The CEA sensitivity and specific degrees.

Figure 3. The CEA scatter diagram.

Figure 4. CEA ROC curves.

Combined use of CYFRA 21-1 and CEA in pleural
fluid
Eleven studies reported the value of combining CYFRA 21-1
and CEA in the differential diagnosis of benign and malignant
pleural effusions (Figure 2) [10,14,15,26,28,29,31,33-35,37].
Meta-analysis showed that CYFRA 21-1 combined with CEA
had a Sen of 88% (76%-94%) and a Spe of 87% (83%-90%) in
the diagnosis of MPE. Heterogeneity test revealed significant
heterogeneity in both of them (I2 was 87.2% and 59.7%,
respectively). Parallel test showed a PLR of 6.6 (4.8-8.9), a
NLR of 0.14 (0.07-0.29) and a DOR of 46 (18-117) for the
diagnosis of MPE. The likelihood ratio (LR) scatter plot
showed a summary LR point in the lower right quadrant
(Figure 3). AUC of the SROC curve (ORr (95% CI)) was 0.90
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(0.88-0.93) (Figure 4). Fagan’s nomogram revealed that with a
pre-test probability of 50%, the post-test probabilities
corresponding to PLR and NLR were 87% and 13%,
respectively (Figure 5).

Figure 5. CEA Fagan.

Figure 6. Deek funnel plot.

Publication bias was assessed by Deek’s funnel plot.
Asymmetry of the funnel plot was examined by linear

regression. The regression test P was calculated to be 0.33,
indicating no significant publication bias. The funnel plot is
shown in Figure 6.

Furthermore, univariate meta-regression analysis was
performed based on the characteristics of the studies. The
following 6 variables were assessed: Asian populations vs.
non-Asian populations; case load ≥ 100 vs. <100; prospective
vs. retrospective; pleural effusion CYFRA 21-1 threshold ≥ 50
ng/ml vs. <50 ng/ml; pleural effusion CEA threshold ≥ 6 ng/ml
vs. <6 ng/ml and lung cancer-related MPE ≥ 50% vs. <50%.
The results are shown in Figure 7. As to Sen, only CYFRA
21-1 threshold might be a source of heterogeneity (P<0.05).
For Spe, all the 6 variables might be sources of heterogeneity
(P<0.05).

The data of subgroup analysis are shown in Table 2. In the
subgroup analysis of Sen, it was higher for Asian populations
than for non-Asian populations (92% (85%-98%) vs. 78%
(63%-94%)), higher for studies with a lower CYFRA 21-1
threshold (<50 ng/mL) than for those with a higher one (≥ 50
ng/ml) (91% (84%-98%) vs. 78% (60%-96%)), higher for
studies with a higher proportion of lung cancer-related MPE
patients (≥ 50%) than for those with a lower one (<50%) (92%
(85%-99%) vs. 79% (63%-94%)). The subgroup analysis of
Spe showed no significant difference between the subgroups.

Combined use of pleural fluid CYFRA 21-1 and blood
CYFRA 21-1
Four studies reported the value of combining pleural fluid
CYFRA 21-1 and blood CYFRA 21-1 in the differential
diagnosis of benign and malignant pleural effusions
[10,25,29,32]. Meta-analysis showed that pleural fluid CYFRA
21-1 combined with blood CYFRA 21-1 had a Sen of 76%
(66%-84%) and a Spe of 87% (75%-93%) in the diagnosis of
MPE. Heterogeneity test revealed significant heterogeneity in
both of them (I2 was 56.4% and 63.5%, respectively). The
combined use showed a PLR of 5.7 (2.8-11.5), a NLR of 0.28
(0.19-0.41), and a DOR of 21 (8-54) for the diagnosis of MPE.
The LR scatter plot showed a summary LR point in the lower
right quadrant. AUC of the SROC curve (ORr (95% CI)) was
0.87 (0.83-0.89). Fagan’s nomogram revealed that with a pre-
test probability of 50%, the post-test probabilities
corresponding to PLR and NLR were 85% and 22%,
respectively (Figure 5). Due to the small number of studies,
publication bias was not detected.

Combined use of CYFRA 21-1 and CA15-3 in pleural
fluid
Three studies reported the value of combining CYFRA 21-1
and CA15-3 in the differential diagnosis of benign and
malignant pleural effusions [27,30,36]. The analysis using
Meta-Disc software revealed that the SROC curve exhibited a
shoulder-arm shape, the Spearman correlation coefficient was
1, and P<0.001, indicating a threshold effect. Therefore, Sen,
Spe, LR and other statistics were not merged. The AUC of the
SROC curve was 0.97. Due to the small number of studies,

The diagnostic value of parallel detection of cytokeratin 19 fragment-based tumor markers in malignant pleural
effusion: a systematic review and meta-analysis

8109Biomed Res 2017 Volume 28 Issue 18



meta-regression analysis was not performed to explore sources
of heterogeneity.

Combined use of CYFRA 21-1 and other tumor
markers in pleural fluid
Two studies reported the value of combining CYFRA 21-1 and
CA 125 in the differential diagnosis of benign and malignant
pleural effusions [29,31]. However, there was great difference
in the definition of threshold (Table 3). Ferrer et al. reported a
Sen of 55.8% and a Spe of 76.7% [31]. While Wu et al.
reported Sen of 94.5% and of Spe 79.4% [29]. Two studies

reported the value of combining pleural fluid CYFRA 21-1 and
NSE in the differential diagnosis of benign and malignant
pleural effusions [10,29]. Lee et al. reported a Sen of 78.8%
and a Spe of 75% [10]. While Wu et al. reported Sen of 91.9%
and of Spe 50% [29]. Son et al. also evaluated the value of
combining pleural fluid CYFRA 21-1 with CA 19-9 and
CD66c in the differential diagnosis of benign and malignant
pleural effusions [28]. The Sen and Spe of diagnosis using
CYFRA 21-1 combined with CA19-9 were 85.1% and 84.6%,
respectively. The Sen and Spe of diagnosis using CYFRA 21-1
combined with CD66c were 85.1% and 82.7%, respectively.

Table 2. Subgroup analysis of CYFRA+CEA combination in the diagnosis of MPE.

Subgroup Number of
study

Sensitivity P value Specificity P value

Asian populations 6 0.92 (0.85-0.98) 0.66 0.87 (0.82- 0.92) 0 

Non-Asian populations 5 0.78 (0.63-0.94) 0.86 (0.81-0.92)

Sample size ≥ 100 6 0.85 (0.72-0.98) 0.26 0.86 (0.82-0.90) 0 

Sample size<100 5 0.90 (0.80-1.00) 0.88 (0.82-0.94)

Prospective 6 0.81 (0.68-0.95) 0.06 0.82 (0.78-0.87) 0 

Retrospective 5 0.93 (0.85-1.00) 0.90 (0.86-0.93)

CYFRA 21-1 ≥ 50 ng/ml 4 0.78 (0.60-0.96) 0.03 0.87 (0.82-0.92) 0 

CYFRA 21-1<50 ng/ml 7 0.91 (0.84-0.98) 0.86 (0.81-0.91)

CEA ≥ 6 ng/ml 6 0.86 (0.73-0.98) 0.32 0.88 (0.84-0.92) 0 

CEA<6 ng/ml 5 0.89 (0.79-0.99) 0.84 (0.77-0.90)

Lung cancer-related MPE ≥ 50% 6 0.92 (0.85-0.99) 0.59 0.87 (0.82-0.92) 0 

Lung cancer-related MPE<50% 5 0.79 (0.63-0.94) 0.86 (0.81-0.91)

Table 3. The characteristic of literature.

Authors (Y) Area Cases Research
type

Male, % Average
age

Chest water marker combination Critical value Golden
standard

Lung cancer-
MPE-ratio, %

Salama et al. France 196 Retrospectiv
e study 

56 32813 CYFRA 21-1+CEA CYFRA21-1: 100 ng/ml;
CEA: 6 ng/ml

Cytology or
Pathology

26

Ferrer et al. Spanish 146 Prospective 66 53 CYFRA 21-1+CEA CYFRA21-1: 150 ng/ml;
CEA: 10 ng/ml

Cytology or
Pathology

37

Spanish 146 Prospective 66 53 CYFRA 21-1+CA125 CYFRA21-1: 150 ng/ml;
CA125: 1000 U/L

Cytology or
Pathology

37

Lai et al. Taiwan 126 Retrospectiv
e study 

NA NA CYFRA 21-1+CEA CYFRA21-1: 50 ng/ml;
CEA 10 ng/ml

Cytology or
Pathology

100

Alata et al. Turkey 74 Retrospectiv
e study 

73 50 CYFRA 21-1+CA15-3 CYFRA 21-1: 8 ng/ml;
CA15-3: 14 U/ml

Pathology 55

Dejsomritrutai
et al.

Thailand 62 Retrospectiv
e study 

29 NA Hydrothorax CYFRA 21-1+CYFRA
21-1

CYFRA 21-1: 55 ng/ml;
blood CYFRA 21-1: 2.5
ng/ml

Cytology or
Pathology

85

Lyubimova et
al.

Rassia 69 Retrospectiv
e study 

NA 31-90 Hydrothorax CYFRA 21-1+CYFRA
21-1

CYFRA 21-1: 75 ng/ml;
blood CYFRA 21-1: 9.6
ng/ml

Pathology 34
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Lee et al. Korea 50 Prospective 58 57 CYFRA 21-1+CEA CYFRA21-1: 45 ng/ml;
CEA: 5 ng/ml

Cytology or
Pathology

100

Korea 50 Prospective 58 57 CYFRA 21-1+NSE CYFRA21-1: 45 ng/ml;
NSE: 20 ng/ml

Cytology or
Pathology

100

Korea 50 Prospective 58 57 Hydrothorax CYFRA 21-1+CYFRA
21-1

CYFRA21-1: 45 ng/ml;
blood CYFRA 21-1: 3.3
ng/ml

Cytology or
Pathology

100

Shitrit et al. Israel 116 Prospective 56 70 CYFRA 21-1+CEA CYFRA21-1: 3.3 ng/ml;
CEA 5 ng/ml

Cytology or
Pathology

48

Wagner et al. Brazil 85 Prospective 55 51 CYFRA 21-1+CEA CYFRA21-1: 35 ng/ml;
CEA: 1.86 ng/ml

Cytology or
Pathology

29

Wu et al. China 108 Retrospectiv
e study 

NA NA CYFRA 21-1+CEA CYFRA21-1: 22.4
ng/ml; CEA: 3.6 ng/ml

Cytology or
Pathology

100

China 108 Retrospectiv
e study 

NA NA CYFRA 21-1+NSE CYFRA21-1: 22.4
ng/ml; NSE: 5.2 ng/ml

Cytology or
Pathology

100

China 108 Retrospectiv
e study 

NA NA CYFRA 21-1+CA 125 CYFRA21-1: 22.4
ng/ml; CA125: 37.5
U/ml

Cytology or
Pathology

100

China 108 Retrospectiv
e study 

NA NA Hydrothorax CYFRA 21-1+CYFRA
21-1

CYFRA 21-1: 22.4
ng/ml; blood CYFRA
21-1: 14.5 ng/ml

Cytology or
Pathology

100

Li et al. China 62 Retrospectiv
e study 

69 67 CYFRA 21-1+CA15-3 CYFRA 21-1: 3.3 ng/ml;
CA15-3: 35 U/ml

Cytology or
Pathology

100

Huang et al. Taiwan 134 Retrospectiv
e study 

59.7 70.2 CYFRA 21-1+CEA CYFRA21-1: 60 ng/ml;
CEA: 6 ng/ml

Cytology 31

Figure 7. Meta-analysis of regression.

Discussion
Exfoliative cytology of pleural fluid is the easiest and most
accurate method for diagnosis of MPE. However, its sensitivity
is poor. Cytological malignancy of exfoliated cells was
negative in approximately 40% of patients with MPE [38].
Pleural biopsy has poorer sensitivity than exfoliative cytology
[1]. Moreover, both of them are closely related to tumor tissue
type and the degree of infiltration [39]. Therefore, the detection
of tumor markers has an important value in improving the
detection rate of MPE. Pleural fluid markers are superior to
blood markers [40]. Among the commonly used tumor
markers, CEA is mainly associated with colorectal cancer, CA
125 with ovarian cancer, and CA 15-3 with breast cancer, NSE
with small cell lung cancer, and CYFRA 21-1 with lung cancer
or pleural mesothelioma [40,41]. However, meta-analysis
confirmed that the diagnosis of MPE with a single tumor
marker still had low sensitivity (37.6%-62.5%) [6]. In contrast,
CYFRA 21-1 is superior to other tumor markers in terms of
diagnostic sensitivity [5,6]. The value of pleural fluid CYFRA
21-1 in the diagnosis of MPE was assessed in two meta-
analyses. The 2008 data revealed a sensitivity and specificity
of 55% (52%-58%) and 91% (90%-93%), respectively and the
2015 data indicated 62.5% (48.3%-76.6%) and 93.2%
(86.2%-100%), respectively [5,6].

The present meta-analysis included a total of 16 studies,
involving Asian, African, European, and South American
populations. The summary of the results indicated that the
combined use of pleural fluid CYFRA 21-1 and CEA had a
sensitivity of 88% (76%-94%) and a specificity of 87%
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(83%-90%) in the diagnosis of MPE. The combined use of
pleural fluid and blood CYFRA 21-1 had a sensitivity of 76%
(66%-84%) and a specificity of 87% (75%-93%) in the
diagnosis of MPE. Compared with the use of CYFRA 21-1
alone, the combined use of pleural fluid CYFRA 21-1 with
CEA or blood CYFRA 21-1 could significantly improve the
diagnostic sensitivity, without a significant decrease in
specificity. The combined use of CYFRA 21-1 and CEA had a
PLR of 6.6 and a NLR of 0.14 in the diagnosis of MPE.
Likelihood ratio is a comprehensive index superior to
sensitivity and specificity, and not affected by prevalence.
Ideally, when PLR>10 or NLR<0.1, the possibility of
diagnosing or ruling out a disease will be increased
significantly, which is also a requirement for ideal markers
[42]. However, there are very few ideal markers in clinical
practice. A diagnostic marker can be regarded as good when
PLR>5 or NLR<0.2 [43]. Therefore, CYFRA 21-1 plus CEA is
a reliable marker combination for the diagnosis of MPE.

To our knowledge, this is the first meta-analysis on CYFRA
21-1-based tumor marker combinations. All the included
studies used cytology or pathology as the reference standard,
detected tumor markers with standard laboratory methods,
calculated the thresholds for markers based on the ROC curve,
had high scores in quality assessment, had no publication bias
detected, and employed a bivariate random effects model,
which provided a powerful argument. However, the sensitivity
and specificity results indicated high heterogeneity. Meta
regression analysis showed that the different CYFRA 21-1
thresholds might be a source of heterogeneity in sensitivity.
Subgroup analysis revealed that sensitivity was up to 91% in 7
studies with low CYFRA 21-1 thresholds (<50 ng/mL), while
it was only 78% in 4 studies with high CYFRA 21-1 thresholds
(≥ 50 ng/mL). In addition, the sensitivity was up to 92% in 6
studies with a high proportion of lung cancer-related MPE
(>50%), while it was only 79% in those with a low proportion
of lung cancer-related MPE. Previous studies have shown that
CYFRA 21-1 was mainly expressed in various types of lung
cancer, especially in squamous cell carcinoma [15,27]. The
diagnostic sensitivity with squamous cell carcinoma was
significantly higher than with adenocarcinoma [44]. Therefore,
we hypothesized that the CYFRA 21-1+CEA combination had
a higher diagnostic value for lung cancer-related MPE. The
appropriate relaxation of the CYFRA 21-1 detection threshold
can improve the diagnostic sensitivity, without significant
impact on specificity. Regression analysis on specificity
showed that race, sample size, CEA threshold, and the
proportion of patients with lung cancer might all be sources of
heterogeneity. Nevertheless, subgroup analysis demonstrated
no significant difference in specificity.

The meta-analysis has some limitations. Gray literature was
not retrieved. Only English-language articles were included.
Some eligible studies may thus be omitted. Some included
studies had a small sample size. Some were retrospective,
which might introduce recall bias. Moreover, the testing results
might be biased by differences in testing techniques or
experience, or testing time. Different thresholds were selected
in these studies, which might lead to a great difference in

sensitivity or specificity. Except CYFRA 21-1 plus CEA, the
CYFRA 21-1-based combinations were assessed in a very
limited number of included studies. Therefore, the diagnostic
value of CYFRA 21-1 combined with other markers (such as
CA 125, CA 15-3, and NSE) cannot be analyzed due to
insufficient data. Due to insufficient original study data,
adequate stratified analysis on MPE of different causes was not
performed in this study. For example, CYFRA 21-1 was highly
expressed in squamous cell carcinoma, but the causes of MPE
were not stratified in most studies. In addition, combinations of
three or more markers were not analyzed in this study in
consideration of the costs of detecting multiple markers from
the viewpoint of health economics. Besides, most studies did
not consider the impact of markers on MPE survival and
prognosis. Additionally, we do not compare the Sen and Spe
between pleural CYFRA 21-1 plus CEA and pleural CYFRA
21-1 plus serum CYFRA 21-1. Finally, IDI value was not
showed in this meta-analysis.

Conclusion
The parallel detection of pleural fluid CYFRA 21-1+CEA, or
pleural fluid CYFRA 21-1+blood CYFRA 21-1 is important
for the diagnosis of MPE. Compared with detection of a single
marker, the parallel detection can significantly improve the
diagnostic sensitivity and accuracy. However, the diagnostic
value of combining CYFRA 21-1 with other tumor markers
has not been supported by sufficient evidence. The detection of
pleural fluid markers should be comprehensively analyzed in
combination with clinical features and the cause of MPE in the
future.
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