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Abstract

The diagnostic value of tumor markers, CEA, CA 15-3, CA 19-9, CA 125, CYFRA, and NSE in
pleural fluid to differentiate between benign and malignant pleural effusion (MPE) has not yet
been clearly established. A review of English language studies using human subjects was
performed. Sensitivity and specificity values of the chosen tumor markers were pooled using a
random effects model to generate hierarchical summary receiver-operator curves to determine the
diagnostic performance of each tumor marker. A total of 49 studies were included in the final
analysis. Pooled sensitivity and specificity values for chosen tumor markers for diagnosing MPE
are as follows: CEA, 0.549/0.962; CA 15-3, 0.507/0.983; CA 19-9, 0.376/0.980; CA 125,
0.575/0.928; CYFRA, 0.625/0.932; NSE, 0.613/0.884. The use of individual tumor markers in
diagnosing MPE has many benefits (cost, invasiveness, etc.). While these tumor markers exhibit
high specificity, the low sensitivity of each marker limits the diagnostic value. We conclude that
tumor markers used individually are of insufficient diagnostic accuracy for clinical use. Tumor
markers used in various combinations or from serum may have some potential worth further
investigation.

Introduction

Malignant pleural effusion (MPE) encompasses a heterogeneous group of conditions with
strong implications in the prognosis and therapeutic approach in cancer patients. While
mesotheliomas can result in an MPE of primary malignancy origin, metastasis of neoplasms

"Devendra K. Agrawal, Ph.D. (Biochem), Ph.D. (Med. Sciences), MBA, FAAAAI, FAHA, FAPS, FIACS, Senior Associate Dean for
Clinical & Translational Research, Director, Center for Clinical & Translational Science, The Peekie Nash Carpenter Endowed
Chair in Medicine, Professor of Biomedical Sciences, Internal Medicine, and Medical Microbiology & Immunology, CRISS Il Room
510, 2500 California Plaza Omaha, NE, 68178, USA, Tel: (402) 280-2938; Fax: (402) 280-1421 dkagr@creighton.edu.

Financial and competing interest disclosure

The authors have no other relevant affiliations or financial involvement with any organization or entity with financial interest in or
financial conflict with the subject matter or materials discussed in the manuscript apart from those disclosed.

No writing assistance was utilized in the production of this manuscript.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nguyen et al.

Methods

Page 2

to the pleural space cause the majority of MPEs. Lymphomas and tumors of the lung, breast
and ovary constitute over 75% of the primary neoplasms in MPE cases [1]. The overall
median survival after MPE diagnosis is approximately 4 months, though this in large
depends on therapeutic approach and tumor origin, ranging from 33 days in urological
cancer to nearly one year in mesothelioma [2]. Thus, determination of malignant etiology
remains a crucial yet often unsuccessful task in pleural effusion diagnosis. Pleural fluid
cytology is a standard method of MPE diagnosis. However, studies have shown a large
variation in diagnostic yield ranging form 62-90%, dependent on such factors as extent of
disease and nature of the primary malignancy [3]. Similarly, closed pleural biopsy has a
reportedly low diagnostic yield of 40-75% [3]. Thoracoscopy is the current gold standard
with a diagnostic accuracy between 90 and 100% [4]. However, the high cost associated
with thoracoscopy and the low accuracy of pleural fluid cytology needle biopsy promotes
the search for a more cost-effective yet highly accurate diagnostic tool.

The utility of tumor antigens in the diagnosis of MPE has been extensively studied.
However, their relatively low sensitivities and specificities have raised doubt on their
reliability for definitive diagnosis. Nonetheless, some potential remains for these markers as
a possible indicative diagnostic tool. Carcinoembryonic antigen (CEA) is the most heavily
studied tumor marker in MPE diagnosis. Expression of this tumor-associated antigen is
elevated in the fetal colon and some types of cancers, particularly colon adenocarcinoma [5].
Carbohydrate antigen (CA) 15-3, a soluble form of MUC-1 protein, is a tumor-associated
antigen initially discovered as a biomarker for breast cancer [6]. CA 19-9 has some use
some use in monitoring disease status and treatment response in patients with pancreatic
cancer. It has also demonstrated some value in predicting unresectability of pancreatic
adenocarcinoma and estimation of survival postsurgery [7]. CA 125 has some utility in the
diagnosis of ovarian tumors, with expression elevated in 80-85% of women with advanced
epithelial ovarian cancer and in 65% of patients with mucinous carcinoma of the ovary [8].
CYFRA 21-1, a soluble cytokeratin 19 fragment, is a useful marker in epithelial
malignancies and lung carcinomas in particular [9]. The human epidermal growth factor
receptor 2 (HER-2/neu) is overexpressed in a variety of cancer types, including breast,
ovarian, lung, gastric and oral cancers, and serves as an excellent therapeutic target [10].
Neuron specific enolase (NSE) is an enzyme encoded by the enolase 2 gene and is
overexpressed in neuroendocrine neoplasia, and particularly in small cell lung cancers [11].
While previously published literature suggests marginal usefulness of these tumor markers,
the present study seeks to determine the exact extent and utility of these diagnostic markers.
The goal of the present meta-analysis is to determine the overall diagnostic value of these
tumor markers singly and in combinations for malignant pleural effusions.

Search strategy and study selection

Two authors independently searched the National Library of Medicine’s Medline database
(using PubMed as the search engine) and Google Scholar to identify relevant studies up to
June 30, 2014. The search terms used were tumor marker, carcinoembryonic antigen,

carbohydrate antigen 15-3, carbohydrate antigen 19-9, carbohydrate antigen 125, fragment
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of cytokeratin 19/CYFRA 21-1, neuron specific enolase/NSE, malignant pleural effusion,
sensitivity and specificity, and accuracy. References of retrieved articles were also searched
manually. All searches were restricted to English language studies concerning human
subjects. Conference abstracts and letters to the editor were excluded due to the limited data
presented therein.

Studies were included in the meta-analysis when sensitivity and specificity for any of the
abovementioned markers tested in pleural fluid or serum were provided for the diagnosis of
MPE (see Figure 1). A lower limit of ten specimens was made to reduce selection bias from
very small studies. Studies with evidence of a possible overlap of study populations (e.g.
same authors, institutions, period of study) were discussed by AHN and EM. Only the best-
quality study was used for any overlapping data (i.e. same marker tested). Two reviewers
(AHN and EM) independently judged study eligibility while screening the citations.
Disagreements were resolved by consensus.

Assessment of Study Quality and Data extraction

The methodological quality of included studies was assessed using guidelines published by
the STARD initiative (standards for reporting diagnostic accuracy, maximum score 25) and
the QUADAS-2 tool (quality assessment for studies of diagnostic accuracy, judges low risk
versus at risk of bias) [12,13].

The final set of included articles was assessed independently by two reviewers (AHN and
EM). Study data extracted included authors, publication year, country, test methods, sample
population characteristics, sensitivity and specificity data, cut-off value and methodological
quality.

Statistical analyses

Previously published guidelines and methods on conducting meta-analyses of diagnostic test
evaluations were used [14-16]. Data were compiled using Microsoft Excel 14.4.1
(Microsoft Corporation, Redmond, WA) then transferred to SAS 9.4 ® software (SAS
Institute Inc., Cary, NC, USA) and R version x64 3.1.0 (R Foundation for Statistical
Computing, Vienna, Austria) to perform statistical analysis. The sensitivity, specificity,
positive likelihood ratio (PLR), negative likelihood ratio (NLR) and diagnostic odds ratio
(DOR) were calculated for each study. A test for heterogeneity in the INDOR was conducted
using previous guidelines [17]. Detection of an implicit cut-point effect and evidence of a
negative correlation between sensitivity and 1 — specificity was conducted by calculating the
Spearman rank correlation for each tumor marker. Heterogeneity and negative correlation
were used to determine the appropriate method of data pooling. A random effects model
using empirical Bayes methods as employed by the SAS/PROC NLMIXED procedure [18]
was used to calculate univariate pooled estimates for sensitivity and specificity and generate
hierarchical summary receiver-operator curves (HSROC). Presence of publication bias was
tested using funnel plots and Egger’s test.
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A total of 49 articles were included in the final analysis for diagnostic accuracy of malignant
pleural effusion using serum or pleural concentrations of CEA, CA 15-3, CA 19-9, CA 125,
CYFRA 21-1, and NSE. Diagnostic data of CEA in four studies and CA 15-3 in one study
were removed from the analysis due to an overlap in study populations. The remainder of
the data in these overlapping studies was kept if different markers and/or marker
combinations were assessed.

Study characteristics

Of the 49 studies assessed by the present meta-analysis, study design was as follows: 37
(75.5%) had a cross-sectional design, 33 (67.3%) were prospective, 25 (51.0%) collected
samples from consecutive patients, and 14 (28.6%) reported interpretation of tumor markers
blinded to the reference standard results. The average sample size for each tumor marker
was 140 patients (range 25 — 654). In all included studies, pleural malignancy was
confirmed by cytological study, pleural biopsy specimens or necropsy.

Determination of statistical pooling model

The tumor marker sensitivities and specificities for CEA as reported by each study are
summarized in Figure 2 (the other antigens are presented in Appendix Figure 1). Inspection
of these Forest plots shows visible heterogeneity in sensitivity, specificity, and InDOR
(evidenced by the number of confidence intervals not overlapping). Analysis for
heterogeneity in INDOR, conducted as described previously [17], demonstrated high Q
values and statistical significance for all antigens (Table 1), confirming heterogeneity in the
InDOR. Accordingly, the use of a SROC fixed effects model was concluded to be
inappropriate [16].

The Spearman rank correlation between sensitivity and specificity was used to determine the
presence of an implicit cut-point effect, with p < —0.6 as indicative of a cut-point effect [19].
The Spearman correlation for pleural CEA was -0.311 (-0.575, 0.011), indicating there is
no detectable implicit cut-point effect. A cut-point effect was determined to be present for
antigens CA 15-3, CA 19-9, CA 12-5, CYFRA, and NSE (Table 1). The Spearman rank
correlation was additionally used to search for evidence of a negative correlation between
sensitivity and 1- specificity. A strong negative correlation was not found in any of the
tumor markers, indicating the HSROC curve to be an appropriate method for fitting the data.

Data Pooling

Based on the presence of heterogeneity and lack of negative correlation in the data collected,
the random effects model was determined to be the most appropriate pooled estimator for
sensitivity and specificity [16]. The empirical Bayes method [18] was used in the present
study to calculate the pooled mean of sensitivity and specificity for each tumor marker
(Table 2). The HSROC for each tumor marker is presented with the confidence ellipse of
sensitivity and 1 — specificity (CEA, Figure 3; all other markers, Appendix Figure 2). The
HSROC curves present an overall summary of diagnostic performance for each tumor
marker. In all 49 studies included in the meta-analysis, sensitivity and specificity were
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reported based on a single optimal cut-off value for the marker tested, as selected by the
investigators of each study. A majority of the studies selected this cut-off value to maximize
specificity. The meta-analysis determined the overall sensitivity of each marker to be
markedly low: CEA, 54.9%; CA 15-3, 50.7%; CA 19-9 37.6%; CA 125, 0.575; CYFRA,
62.5%; NSE, 61.3%.

Additionally, the efficacy of tumor markers in combination were analyzed. The two
combinations with sufficient data to be analyzed were CEA with CA15-3 (HSROC: Figure
4a, Forrest plot: Appendix Figure 4a) and CEA with CA125 (HSROC: Figure 4b, Forrest
plot: Appendix Figure 4b). These were analyzed using the fixed effect model due to having
fewer studies than parameters in a mixed effect meta-analysis. The estimated sensitivity and
specificity for CEA with CA15-3 were 0.599 (95% CI: 0.535-0.664, standard error 0.033)
and 0.964 (95% CI: 0.946-0.982, standard error 0.009), respectively. The estimated
sensitivity and specificity for CEA with CA125 were 0.654 (95% CI: 0.560-0.738, standard
error 0.089) and 0.979 (95% CI: 0.947-0.992, standard error 0.015), respectively. This
improved, though not dramatically, the sensitivity and specificity of these markers alone.

Study quality and publication bias

The scores of the STARD and QUADAS-2 tests were used to assess study methodological
quality. Only 9 (22.5%) studies were found to have low risk of bias, according to
QUADAS-2 standards, with the remainder of the studies being at risk for bias (QUADAS-2
results for individual papers are reported in Appendix Table 1). With 25 as the maximum,
the average STARD quality score for the included studies was 13.06 (range 7 — 18).

Based on both Egger’s Test and DEEKS test, there is evidence that bias is present among the
studies for all markers (Table 1). The generated funnel plots are depicted in Appendix
Figure 3. These results indicate the presence of publication bias in the collected studies.

Discussion

The use of pleural tumor markers offers the potential for a cost-effective and minimally
invasive alternative in the diagnosis of MPE. While the presently investigated markers have
been repeatedly studied, a problem of insufficient overall diagnostic accuracy has
consistently been encountered. The overall specificity of all antigens investigated, with the
exception of NSE (CEA, CA 15-3, CA 19-9, and CA 125), was greater than 0.900.
However, the sensitivities of these antigens were markedly low (ranging from 0.376 to
0.625). This trade-off of sensitivity for maximizing specificity has serious clinical
implications for using these markers in the differential diagnosis between MPE and non-
MPE. While these tests would demonstrate a strong ability to rule in MPE, the high false
negative rates suggest these markers to be insufficient in the exclusion of non-MPE.

There are three general methods for conducting a systematic review of multiple diagnostic
studies: (1) the summary receiver operator curve fixed effect model [19], (2) random effects
using a bivariate normal approximation [20], and (3) the hierarchical summary receiver
operator curve (HSROC) random effects using either empirical Bayes methods [18] or the
full Bayesian [21]. When analysis of the natural logarithm of the diagnostic odds ratio [17]
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indicates heterogeneity to be present, fitting the SROC curve is contraindicated. In these
situations, the use of a random effects model to estimate the mean sensitivity and specificity
with their associated confidence intervals is recommended; using an HSROC can also be
explored. However, a strong negative correlation between sensitivity and 1 — specificity
indicates an HSROC should not be fitted. Analysis of the data collected indicated the use of
an HSROC curve. The HSROC is a fairly recent development in the assessment of
diagnostic studies and, to the knowledge of the authors, the present paper is the first to
implement such a statistical method for these cancer markers in the diagnosis of MPE. The
HSROC graph includes the pooled estimated mean of the sensitivity and specificity (and
95% confidence range represented by the ellipse) while treating sensitivity and 1 —
specificity as coming from a bivariate distribution and accounts for the correlation between
sensitivity and specificity (for additional statistical detail, see Appendix: Statistical
Methods). This allows for more between- and within-study variability than fixed-effect
approaches by allowing both test stringency and test accuracy to vary across studies [21].

To improve clinical applicability of these results, likelihood ratios, diagnostic odds ratios
(DOR), and area under the curve (AUC) were generated for each tumor marker (Table 2). A
likelihood ratio > 10 or < 0.1, in example, indicates a ten-fold shift in probability of a
condition’s presence before versus after the diagnostic test. The positive likelihood ratio of
CEA, CA 15-3 and CA 19-9 were the only likelihood ratios > 10, suggesting a positive test
result for these antigens would indicate a relative high chance of having MPE. This is
consistent with the high specificity. None of the negative likelihood ratios were of strong
indicative value, indicating the antigens individually unsuitable for ruling out MPE.

The present meta-analysis had some limitations. Inclusion of only published original
research articles written in English had a two-fold potential for bias. Firstly, this excluded
conference abstracts, letters to journal editors, and non-published data. This may inflate
estimated diagnostic value due to preferential publication of studies with favorable results.
Secondly, this limits the analysis to data presented in each publication. This precludes the
ability to test issues such as laboratory infrastructure, marker assay technology and
performance quality, and affect of patient selection and setting on study quality.
Additionally, incomplete presentation of study methodology is likely a large factor in the
assessed study quality scores by STARD and QUADAS-2. Bias was found to be present in
the studies collected. Traditionally, evaluation of publication bias is performed using
DEEKS test, suggesting bias to be present in three of the six markers. However, in his
original manuscript, Deeks states this test is low powered in the presence of heterogeneity
[22]. The Egger’s test was performed and found bias to be present in all six. Analysis was
not performed to determine source of bias. Likely, all of the above factors as well as widely
differing study quality contributed to the bias and heterogeneity encountered.

In conclusion, the tumor markers are of insufficient diagnostic accuracy, individually, to be
recommended for MPE diagnosis. While these markers are highly specific, the low
sensitivity of each marker limits the clinical diagnostic value. A number of studies have
investigated the possible diagnostic value of these tumor markers in various combinations,
showing improved accuracy [15,23]. Our analysis similarly showed improvement, albeit
minimal, in sensitivity and specificity when markers used in combination. Furthermore, the
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diagnostic value of these cancer markers in serum has not investigated nearly as extensively
as pleural concentrations. Both of these venues offers potential for improved diagnostic
value of these markers. Additionally, there has been growing interest in searching for novel
biomarkers using proteomic [24] or microRNA [25,26] methodologies. While further
investigation is required, tumor markers, in general, have strong potential to be included in
diagnostic algorithms prior to more invasive procedures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Forest plot of the sensitivities and specificities reported by each study for CEA. The
calculated pooled mean with corresponding confidence interval is also reported.

Trang Res. Author manuscript; available in PMC 2016 November 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Nguyen et al.

sensitivity

<
-

0.8

0.6

0.4

0.2

0.0

Page 11

Interpolated Region
Extrapolated Region

I I I |
0.0 0.2 0.4 0.6

1-specificity

Figure 3.

| I
0.8 1.0

HSROC curve for CEA. The area of each point represents sample size. The triangle
represents calculated pooled mean of sensitivity and specificity with the corresponding 95%

confidence interval ellipse enclosing this point.
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Figure 4.
Plots for (a) CEA with CA15-3 and (b) CEA with CA125. The calculated pooled mean of

sensitivity and specificity with the corresponding 95% confidence interval ellipse are
displayed. There were an insufficient number of studies available to generate a mixed curve.
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