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Diagnostic accuracy of cancer ratio for malignant pleural effusion:
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Background: Several studies have investigated the diagnostic accuracy of serum lactate dehydrogenase
(LDH) to pleural fluid adenosine deaminase ratio (cancer ratio, CR) for malignant pleural effusion (MPE),
but the results were various. Therefore, we performed this systematic review and meta-analysis to ascertain
the diagnostic accuracy of CR for MPE.

Methods: The PubMed and EMBASE databases were searched up to 7 June, 2019 to identify publications
concerning diagnostic accuracy of CR for MPE. The sensitivities and specificities of CR in included studies
were pooled with a bivariate model. A summary receiver operating characteristic (SROC) curve was used to
estimate the global diagnostic accuracy of CR. Quality of the included studies was assessed with the revised
tool for the quality assessment of diagnostic accuracy studies (QUADAS-2).

Results: Finally, five studies with 596 MPE patients and 863 benign pleural effusion (BPE) patients were
included in this systematic review and meta-analysis. The pooled sensitivity and specificity of CR were 0.97
(95% CI: 0.92-0.99) and 0.89 (0.69-0.97), respectively. The area under sSROC curve was 0.98 (95% CI: 0.97—
0.99). The major design weaknesses of the included studies were patients selection and partial verification
bias.

Conclusions: CR has high diagnostic accuracy for MPE. Considering the design weaknesses of available
studies, further studies with rigorous design are needed to further validate the findings of this meta-analysis.
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Introduction tool with high specificity; however, its sensitivity is only

around 0.6 (3), depends on the size and stage of primary

Pleural effusion (PE) is common in patients who tumor. Pleural biopsy is widely used for MPE diagnosis;

visiting the department of emergency, respiratory or however, it is an invasive tool with some complications

thoracic diseases (1). Etiologies of PE are various, with such as pain, subcutaneous emphysema and bleeding (2).

common causes of tuberculous pleural effusion (TPE),
parapneumonic effusion (PPE), malignant pleural effusion
(MPE), hear failure (HF) and others (2). The diagnosis of
MPE is usually made with PE cytology or thoracentesis
with pleural biopsy. Cytology is an inexpensive diagnostic
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In addition, its accuracy is greatly affected by the
experience of operator and observer.

Biomarkers in PE have been considered to be useful tools
for MPE diagnosis (4). Compared with biopsy and cytology,

biomarker has some advantages, including inexpensiveness,
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Figure 1 Flowchart depicting the study selection process.

mini-invasiveness and objective results. In 2016, Verma
et al. reported that serum lactate dehydrogenase (LDH)
to pleural fluid adenosine deaminase (ADA) ratio (cancer
ratio, CR) has high diagnostic accuracy for MPE (5).
Subsequently, several studies have been performed to
validate the findings of Verma et 4/, but the results were
various. Therefore, we performed this systematic review
and meta-analysis to ascertain the diagnostic accuracy of
CR for MPE.

Methods
Databases and search strategy

This systematic review and meta-analysis was performed
in accordance with the Preferred Reporting Items for a
Systematic Review and Meta-analysis of Diagnostic Test
Accuracy Studies (PRISMA-DTA) guideline (6). We
searched the PubMed and EMBASE databases to identify
eligible studies up to 7 June, 2019. The searched algorithm
in PubMed was: ((((("Lactate Dehydrogenase” OR LDH))
AND (ADA OR Adenosine Deaminase))) OR ("cancer
ratio"))) AND (pleural). We used a similar strategy in
searching EMBASE database. In addition, references listed
at the end of relevant reviews, eligible studies were manually
searched to identify potential studies.

Study selection

The searched literatures were imported into Endnote, a
reference management software, to remove duplicates. All
studies investigating the diagnostic accuracy of CR for MPE
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were included into this systematic review and meta-analysis.
The exclusion criteria were: (I) animal studies; (II) non-
English published studies; (III) studies with insufficient data
to construct a two by two table; (IV) conference abstracts.

Two reviewers independently screened titles and abstracts
of the retrieved studies. Disagreements were resolved with
consensus or full text reviewing.

Data extraction and quality assessment

‘Two reviewers independently extracted following data from
the eligible studies: name of the first author, publication year,
sample size, components of control, type of data collection
(prospective or retrospective), reference standard for MPE
diagnosis, sensitivity, specificity, area under ROC curve
(AUC) and corresponding threshold. We used sensitivity,
specificity and sample sizes of MPE and control to construct
a two by two table for further meta-analysis.

We used the revised tool for the QUADAS-2 to assess
the quality of eligible studies (7). Any disagreements in
data extraction and quality assessment were resolved with

consensus.

Statistical analysis

We used a bivariate model to pool sensitivities and
specificities of the eligible studies (8). A sSROC curve was
constructed to determine the overall diagnostic accuracy
of CR (9). Heterogeneity across all eligible studies was
estimated with I’ (10). We performed this meta-analysis
with Stata 12.0, as recommended by Wang et a/. (11). P
value less than 0.05 was statistically significant (12).

Results
Study selection process and summary of eligible studies

Figure 1 is a flowchart depicting the study selection process.
Finally, five studies with 596 MPEs and 863 BPEs were
included (5). Characteristics of the eligible studies were
summarized in Table 1. Two studies were from Singapore
(5,13) and the remaining 3 studies were from China (14),
Egypt (15) and Poland (16). Sample sizes of the eligible
studies ranged from 60 to 987. All of the eligible studies,
except one (13), set TPE and PPE as control. Prospective
data collection was seen in two studies (13,14). Biopsy was
used as reference standard in all studies and cytology was
also used in three studies (5,13,14).
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Table 1 Summary of eligible studies
Author Year Country N Component of control Data collection Reference
Verma (5) 2016 Singapore 154 TPE (n=40), PPE (n=14) Retrospective Cytology, biopsy
Verma (13) 2016 Singapore 118 TPE (n=34) Prospective Cytology, biopsy
Zhang (14) 2016 China 987 TPE (n=374), PPE (n=295) Prospective Cytology, biopsy
Elmahalawy (15) 2017 Egypt 60 TPE (n=20), PPE (n=20) Unknown Biopsy
Korczynski (16) 2018 Poland 140 TPE (n=37), PPE (n=29) Retrospective Biopsy
TPE, tuberculous pleural effusion; PPE, parapneumonic effusion.
Table 2 Major findings of eligible studies
Author AUC Cut-off Sensitivity Specificity TP FP FN TN
Verma (5) 0.81 20 0.98 0.94 98 3 2 51
Verma (13) 0.81 20 0.95 0.85 80 5 4 29
Zhang (14) 0.84 10.6 0.94 0.73 299 183 19 486
Elmahalawy (15) 1.00 20 1.00 1.00 20 0 0 40
Korczynski (16) 0.83 16.4 0.95 0.68 70 21 4 45

AUC, area under curve; TP, true positive; FP, false positive; TN, true negative; FN, false negative.

Table 3 Quality assessment of eligible studies

Risk of bias Applicability concerns
Study
Patients selection Index test Reference standard Follow and timing Patients selection Index test Reference standard

Verma (5) High Unknown Unknown High Low Low Low
Verma (13) High Unknown Unknown Low High Low Low
Zhang (14) Low Unknown Unknown Low Low Low Low
Elmahalawy(15) Unknown High Unknown Low Low Low Low
Korczynski (16) High Unknown Unknown Low Low Low Low

Design quality and major findings of eligible studies

Table 2 lists major findings of eligible studies. Four of five
eligible studies reported that the AUC of CR is around 0.80,
while one study with small sample size (n=60) reported
that the AUC of CR is 1.00. Cut-off in three studies were
20 (5,13,15), and the remaining two were 16.4 (16) and
10.6 (14). Sensitivities in all eligible studies was higher than
0.94, and specificity ranged from 0.60 to 1.00.

Table 3 lists the quality of eligible studies. Because all
of the eligible studies were not reported in accordance
with the Standards for Reporting of Diagnostic Accuracy
(STARD) guideline (17), some domains of QUADAS-2
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tool were labeled as unknown. The patients selection bias
domain in three studies was labeled as high because of
retrospective design (5,16) or only patients with lymphocytic
predominant exudative pleural effusion were included (13).
All except one of the eligible studies did not report whether
CR was determined without information of final diagnosis;
therefore, the index text domain of these studies was labeled
as unknown. The reference standard domain of all eligible
studies was labeled as unknown because the authors did not
report whether the reference standard (biopsy and cytology)
was performed in all participants (partial verification bias).
Following and timing domain of one study was labeled as
high because patients without final diagnosis were excluded
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Figure 2 sSROC curve for CR. sROC, summary receiver operating

characteristic; CR, cancer ratio.

from final analysis (5).

Meta-analysis

The pooled sensitivity, specificity, positive likelihood ratio
(PLR), negative likelihood ratio (NLR) and diagnostic odds
ratio (DOR) of CR for MPE were 0.97 (95% CI: 0.92-0.99),
0.89 (95% CI: 0.69-0.97), 8.64 (95% CI: 2.78-26.90), 0.04
(95% CI: 0.02-0.10) and 228.75 (95% CI: 32.73-1598.59),
respectively. Significantly heterogeneity was observed across
all included studies (I°=89.22, 95% CI: 80.21-98.23).

Figure 2 is a sSROC curve for CR. The area under sSROC
curve was 0.98 (95% CI: 0.97-0.99).

Discussion

To the best of our knowledge, this is the first systematic
review and meta-analysis estimating the diagnostic accuracy
of CR for MPE. The major findings of this study were: (I)
to date, five studies with 596 MPEs and 863 controls have
investigated the diagnostic accuracy of CR for MPE; (II)
the pooled sensitivity and specificity of CR were 0.97 (95%
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CI: 0.92-0.99) and 0.89 (95% CI: 0.69-0.97), respectively;
(III) the major design weaknesses of included studies were
patients selection bias and potential partial verification bias.
Taken together, the current evidence supports that CR has
extremely high diagnostic accuracy for MPE.

According to the Light’s criteria (18), PE can be
categorized into transudate and exudate. MPE is a common
cause of exudate. The other two common causes of exudate
are TPE and PPE. Previous studies indicated that ADA in
PE has high diagnostic accuracy for TPE (19). In addition,
PPE patients have significantly higher PE ADA level than
MPE (20). Therefore, low PE ADA level suggests high
probability of MPE. On the other hand, previous studies
also reported that LDH level in serum, rather than PE,
is significantly higher in MPE than that in TPE and PPE
(21,22), indicating that high serum LDH is associated with
high probability of MPE. Therefore, serum LDH: PE ADA
ratio represents a potential index for MPE diagnosis.

Sensitivity and specificity are two basic metrics of a
diagnostic tool (23). This meta-analysis found that the
sensitivity and specificity of CR were 0.97 and 0.89,
respectively, indicating that CR can confirm 97% of MPE
rule out 89% of non-MPE. The major limitation of sensitivity
and specificity is that they only reflect the diagnostic accuracy
of a tool at a certain threshold. Therefore, they are not a
global measure of test efficiency (24). By contrast, area
under sROC curve is not threshold dependent and thus
usually used as a global measure of test efficiency (12).
Area under sROC curve ranges from 0.5 to 1.0, with a
higher value indicating higher accuracy (9). We found
that the area under sSROC curve was 0.98, indicating that
CR has extremely high diagnostic accuracy for MPE.
PLR and NLR are another two clinical meaningful
indicators of a diagnostic tool. Likelihood ratios above
10 and below 0.1 are strong indicators of ruling in or ruling
out the target disease in study cohort (25). We found that
the PLR and NLR of CR were 8.64 and 0.04, respectively,
indicating that positive CR is insufficient to rule in MPE
but negative CR is sufficient to rule out MPE.

Some tumor makers in PE have been reported to be
useful diagnostic tools for MPE, such as neuron-specific
enolase (NSE), carcinoembryonic antigen (CEA), cancer
antigen (CA) 15-3, CA 19-9, CA 125, cytokeratin fragment
19 (CYFRA 21-1). Previous meta-analyses have showed
that the diagnostic accuracy of these tumor markers
is moderate, with an area under sROC curve less than
0.90 (4,26-30). We found that the area under sROC curve
of CR was 0.98, suggesting that the diagnostic accuracy of
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CR is higher than traditional tumor markers.

We assessed the quality of eligible studies and found
that the available studies had some design weaknesses. The
major design weakness of available studies was patients
selection bias. Some of the eligible studies did not report
whether the participants were consecutively enrolled.
Therefore, the representativeness of study cohort is
questionable. Indeed, all of the included studies set TPE
and PPE as controls and other etiologies of exudate PE,
such as chylothorax, chemical pleurisy or connective tissue
disease, were not included. Future studies with more types
of control should be performed to rigorously evaluate the
diagnostic accuracy of CR.

Take together, our systematic review and meta-analysis
indicates that CR has extremely high diagnostic accuracy
for MPE. Given the design weaknesses of available studies,
further studies with rigorous design are needed to validate
the findings of this meta-analysis.
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