
Abstract. Background: The published sensitivity of
cytological examination for malignant pleural effusions
(MPE) ranges between 50% and 71%. The Epi proLung® BL
Reflex Assay (Epigenomics AG, Berlin, Germany) has been
reported as being highly sensitive and specific for lung
cancer using bronchial aspirates. We hypothesize the assay
to be of use in the detection of MPE. Materials and Methods:
To test our hypothesis, we performed a retrospective cohort
study on pleural effusion specimens of 1,270 patients (472
cases and 798 controls). The assay is based on quantification
of methylated Short Stature Homeobox gene two (SHOX2)
DNA in the specimen measured via multiplex real-time
Polymerase Chain Reaction (PCR) on bisulfite-converted
DNA. Results: Surprisingly, the assay detects metastases of
lung cancer, as well as metastases of other malignant
tumours. With a re-defined cut-off criterion, the test achieved
a sensitivity of 39.5% with a specificity of 96.2%.
Conclusion: This assay is able to detect MPE while not
limited to the detection of lung cancer.

Although epidemiological studies are not available, the
annual incidence of pleural effusion in the 27 European
Union Member States (EU27) is estimated to be more than
1,600,000, based on the observed incidence in a well-defined
region in central Bohemia and EU27 demographic data (1,
2). Each year, more than 1,360,000 patients are subjected to
thoracocentesis in the United States, even, if only the leading
causes of pleural effusion are included (3). The reported
share of patients with a malignant pleural effusion (MPE) is
25% to 45% (4, 5), highly depending on the observed
population and study design, but nevertheless representing a

common problem. 15% of patients with a malignant tumour
in a post-mortem series presented pleural effusion (6). The
high probability of a malignant cause of pleural effusion
necessitates thoracocentesis and detailed cytological analysis
in every case. Non-malignant aetiologies of pleural effusion
include congestive heart failure, infection, pulmonary
embolus or infarction, cirrhosis and collagen disease (4).
Malignant tumours presenting with MPE include cancer of
the lung (approximately one third of the MPE), breast, ovary,
gastrointestinal tract, mesothelioma and lymphoma (4, 7). In
the vast majority of cases, MPE is a sign of metastasized
cancer, meaning that a curative therapy is no longer
reasonable. This necessitates the accurate diagnosis of MPE
and avoidance of invasive diagnostic procedures in order to
prevent further stress for the patient. 

Pleural fluid cytology for the diagnosis of MPE is the
standard procedure, with a high specificity (97% to 100%)
but limited sensitivity (50% to 71%) (5). In addition, some
pleural fluid specimens cannot be diagnosed cytologically as
being definite tumour-positive or -negative (8), leading to an
equivocal result in 5.8% of cases in a previous study from
our Department (5). Thus, there is a need for additional
methods, preferentially on the same pleural fluid, again to
prevent repeated diagnostic efforts and harm of the patient.
There are numerous different strategies to enhance the
diagnostic yield of cytology (9, 10). These strategies include
morphological, DNA, RNA, methylation and protein
analyses (including immunocytochemistry), electron
microscopy, analysis of the argyrophilic nucleolar organizer
regions (AgNOR), flow cytometry, image cytometry,
fluorescence in situ hybridization (FISH) and polymerase
chain reaction (PCR)-based assays.

Aberrant DNA methylation plays an important role in
carcinogenesis (11) and is purported to be a valuable cancer
biomarker (12, 13). Epigenetic cancer biomarkers are
independent of classical morphology and thus exhibit great
potential to overcome the limitations of cytology. The
usefulness of epigenetic cancer biomarkers has been shown
for body fluids, such as bronchial aspirate (14), sputum (15,
16), plasma (17) and serum (18). Short Stature Homeobox
gene two (SHOX2) DNA methylation in particular has been
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shown to occur at a high prevalence (96%) in carcinomas of
the lung, especially in squamous cell carcinomas and small
cell carcinomas, compared to matched morphologically
normal adjacent tissues from the same patients (19). In
addition, SHOX2 DNA methylation has been proven to be a
useful biomarker in bronchial aspirates to detect lung cancer,
even subsequent to tumour-negative or equivocal cytology.
The ability of SHOX2 methylation was successfully tested
and validated in two case-control studies, including 523 and
250 patient samples, respectively, with high sensitivity (78%)
and specificity (96%) (20, 21). This led to the development
of the Epi proLung® BL Reflex Assay (Epigenomics AG,
Berlin, Germany), an in vitro diagnostic test kit to aid
pathologists in the diagnosis of lung cancer. SHOX2 encodes
for a homeo-domain-transcription factor and has been
identified as highly homologous to the short stature
homeobox gene SHOX. Both genes are involved in
skeletogenesis and heart development (22-24).

The objective of our current study was to analyze the
diagnostic value of testing SHOX2 DNA methylation in a
retrospective cohort of pleural effusions sent to the
Department of cytopathology. Furthermore, we wanted to
confirm if aberrant SHOX2 DNA methylation is specific to
lung carcinoma, as suspected in recent studies (19-21, 25),
or if the SHOX2 DNA methylation marker may also be of
use to identify other tumour entities.

Materials and Methods

Study design. The study was a retrospective cohort study, and the
pleural effusions were collected before the examination started.
The specimens were examined blinded for the reference standard,
and the reference standard was obtained blinded for the
examination data. The study was approved by the Local Ethics
Committee (#3383).

Study inclusion criteria. First-time pleural effusion samples of 1,617
patients were submitted to the Department of cytopathology
between January 2010 and August 2011. Only specimens from
hospitals submitting more than 20 specimens during the mentioned
period were included.

Cytological diagnosis. The submitted native pleural effusion fluid
(usually about 50 ml) was processed according to standard laboratory
protocols. In brief, the specimens were centrifuged at 670 ×g for 5 min.
The supernatant was transferred to a new container. Eight smears were
prepared with aliquots of the resuspended pellet. Three of them were
stained according with May-Grünwald-Giemsa. The other five smears
were fixated by the Delaunay method and stained according to
Papanicolaou. A final cytological diagnosis was made by experienced
cytopathologists, including diagnostic immunocytochemistry, DNA
image cytometry or AgNOR analysis, when necessary.

Sample preparation. Remaining material from the pellet was
preserved in Saccomanos fixative [50% (v/v) ethanol, 2% (w/v)
polyethylene glycol 1,500, and 60 mg/l rifampicin] and stored at

4˚C until further use. DNA extraction and bisulfite conversion were
performed with 80 μl of the fixed sample using the Epi proLung®

BL DNA Preparation Kit (Epigenomics AG). The samples were
prepared in groups of 22 samples, together with positive and
negative controls from the Epi proLung® BL Work Flow Control
Kit (Epigenomics AG).

Real-time PCR. The real-time PCR was performed using the Epi
proLung® BL real-time PCR Kit (Epigenomics AG), and a Applied
Biosystems® 7500 Fast real-time PCR instrument (Life
Technologies Corporation, Carlsbad, USA). The Epi proLung® BL
real-time PCR Kit was designed to detect lung cancer in bronchial
lavage specimens. The PCR is a multiplex real-time PCR with two
targets. The first target is a methylation-sensitive sequence of
SHOX2. The second target is a methylation independent sequence
of the beta-actin gene (ACTB). According to the PCRkit manual, the
PCR was performed in triplets of each sample, positive control,
negative control and calibrator provided by the work flow kit. A
PCR run was valid if the following criteria were met: two out of
three replicates of the negative control with a cycle threshold (Ct)
value Ct(SHOX2)≥38 and a Ct(ACTB) of between 28 and 37; all
replicates of the positive control with a Ct(SHOX2)≤37 and a
Ct(ACTB)≤31; two or more of the calibrator replicates with
Ct(ACTB)≤32 and a ΔCtCal [=Ct(SHOX2)-Ct(ACTB)] in the range of
–2.6 and –0.6. The measurement of a sample was valid if the PCR
run was valid and if more than one of the three replicates had a
Ct(ACTB) of 29 or less.

Data and statistical analysis. For each valid sample, a relative
methylation value was determined using the ΔΔCt method (26) in
which the frequency of methylation is inversely proportional to the
ΔΔCt value and can be approximated using the formula:
Methylation (%)=100%/2ΔΔCt. According to the Epi proLung® BL
kit manual, a ΔΔCt equal or below 9.5 would define the sample as
being SHOX2 methylation-positive and therefore as lung cancer-
positive. The cut-off had been determined for bronchial lavage
samples (20). Examining pleural effusions, we reviewed this cut-
off and used the receiver operating characteristic (ROC) to
determine an optimal cut-off for pleural effusions. Invalid measured
samples and samples with indistinct reference standard were
excluded from this analysis. All statistical data were calculated
using R (version 3.0.1) (27). If not otherwise stated, significance
was calculated using the “Pearson’s Chi-square Test for count data”
without the Yates’ continuity correction. The level of significance
was set at p=0.05. In cases of multiple testing, the individual level
of significance for each test was adjusted using the Bonferroni
correction. The calculation of the ROC, the 95% confidence
interval (CI) for the ROC and the area under the ROC curve (AUC)
was carried out using the R package “pROC” (version 1.5.4) (28).
Contingency tables were used to analyse the categorical data
provided by both index tests and reference standard to determine
the sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) of cytology and SHOX2
methylation. 95% Confidence intervals (CI) are given, using the R
package “bdpv” (version 1.0) (29).

Reference standard. Clinical follow-up was obtained by review of
the patients’ medical files. A reference standard (malignant pleural
tumour present/absent) was compiled for each patient. Special
emphasis was placed on the final clinical decision regarding the
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underlying cause of the pleural effusion, existence of a malignant
tumour from the patients’ history (confirmed by histology or
adequate tumour therapy) and tumour exclusion by medical imaging.

Results

The flow of the patients through the study is presented in a
Standards for Reporting of Diagnostic Accuracy (STARD)
diagram (Figure 1) (30). Pleural effusion samples of 1,617
patients were collected. Out of these, 172 specimens were
excluded from the study either because the material was not
sufficient for DNA extraction (no visible pellet after

centrifugation), or because the follow-up data were
inaccessible due to missing patient’s medical files or rejection
of the hospital’s participation in the study. In the case of 175
patients with tumours, the reference standard could not be
definitively determined because of comorbidity. Therefore,
the follow-up reference standard was evaluated regarding
1,270 out of the total of 1,445 patients. The clinical
characteristics of the 1,270 patients are presented in Table I.

All 1,445 pleural effusions were analysed using the Epi
proLung® BL Reflex Assay. A valid measurement (according
to the assay’s manual) was achieved for 802 specimens
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Figure 1. The figure presents the data of our study on pleural effusion (PE) in a flow chart according to the STARD initiative (30).



(55.5%), leaving 643 specimens (44.5%) with invalid
measurements. The Ct(ACTB) criterion was the most frequent
reason for invalid measurements. The reference standard was
evaluable for 719 out of the 802 specimens with valid
measurements, and for 551 out of the 643 of those with invalid
measurements. Of the 1,270 specimens with an evaluable
reference standard, the 719 patients with valid test results were
compared to the 551 with invalid test results for the
parameters gender, follow-up result, cytological examination
result and age. Both groups were not significantly different in
their distribution between the sexes (p=0.80), their follow-up
result (p=0.30), cytological examination result (p=0.63), or in
the distribution of their age (p=0.02) (acceptable level of
significance, p<0.0125 according to Bonferroni correction).

The next step was comparing the 719 valid SHOX2
methylation measurements with the corresponding follow-up
diagnoses. The reference standard defined 276 of these as
positive and 443 as negative. With the cut-off criterion of
ΔΔCt≤9.5 as stated by the assay, 138 of the 276 positive
samples had a correct positive test result (sensitivity=50.0%,
95% CI=43.9%-56.1%). Out of the 443 negative samples,
there were 373 with a correct negative test result
(specificity=84.2%, 95% CI=80.5%-87.5%). The cut-off
criterion of the assay had been determined for bronchial
aspirates (20, 21). In order to adjust the cut-off for use with
pleural effusions, the cut-off criterion was optimized by
analysing the test with its receiver operating characteristic
(ROC) curve. The area under the ROC curve (AUC) was
0.72 (95% CI=0.68-0.76) and the new cut-off determined as
an optimization between sensitivity and specificity was
therefore ΔΔCt≤7.5. With this cut-off, the test achieved a
sensitivity of 39.5% (109/276) (95% CI=33.7%-45.5%) and
a specificity of 96.2% (426/443) (95% CI=93.9%-97.7%).

The cytological examination of these specimens achieved
52.5% (145/276) (95% CI=46.5%-58.6%) sensitivity and
99.8% (442/443) (95% CI=98.7%-100.0%) specificity. A
combined evaluation of the cytological examination and the
SHOX2 assay was carried out as follows: All cytological
tumour-positive diagnoses were counted as positive, and no
additional SHOX2 assay was performed. All tumour-negative
and tumour-suspicious cytological diagnoses were followed
by an additional SHOX2 assay. This led to 58.0% (160/276)
(95% CI=51.9%-63.9%) sensitivity and 96.2% (426/443)
(95% CI=93.9%-97.7%) specificity. These data are presented
in Table II together with the positive and negative predictive
value (PPV, NPV) of these tests. With a cut-off of ΔΔCt≤3.5,
the sensitivity was 17.8% (49/276) (95% CI=13.4%-22.8%)
without any false-positive results (specificity=100%
(443/443) (95% CI=99.2%-100.0%).

In addition to lung carcinomas which were identified as
positive, the SHOX2 assay also detected cancer of other
origins, no matter which of the presented cut-off values were
used. Table III presents the sensitivity to different malignant
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Table I. Clinical characteristics of the patient population. The table
presents the data of 1,270 patients with evaluable reference standard.

Benign pleural Malignant pleural 
effusiona (n=798) effusiona (n=472)

Female Male Female Male
Frequency 333 465 240 232

Age, years
Average 73.4 70.0 67.3 67.7
Standard deviation 15.6 14.4 13.1 11.7
Median 77 73 69 70
Range 4-97 2-96 20-96 3-90

Benign conditionb

Infectious diseasec 171 255 19 33
Congestive heart failure 260 301 26 17
Gastrointestinal diseased 14 35 4 5
Trauma/haemothorax 18 21 1
Renal failure 99 147 21 26
Post-surgery 31 31 5 7
Collagen vascular diseasee 8 8 2 2
Otherf 113 143 39 61

Malignant conditiong

Lung cancer 1 4 71 125
Breast cancer 14 1 101
Gastrointestinal cancerh 6 10 30 49
Lymphoma/leukaemiai 10 4 21 21
Mesothelioma 2 9
Otherj 13 31 44 67

Cancer therapyk

Surgery 29 34 114 81
Radiotherapy 11 7 80 66
Chemotherapy 17 16 160 150
Pleurodesis 48 44
Stem cell therapy 1 1 8

Unless otherwise stated, the data are presented as frequencies.
aAccording to reference standard criteria. bComorbidities are frequent.
cPneumonia (n=331); empyema (n=38); mediastinitis (n=1); pleuritis
(n=35); sepsis (n=60); tuberculosis (n=13). dLiver cirrhosis (n=46);
pancreatitis (n=12). eLupus erythematosus (n=7); rheumatoid arthritis
(n=13). fAmyloidosis (n=1); sarcoidosis (n=6); chronic obstructive
pulmonary disease (n=199); emphysema (n=24); myocardial infarction
(n=22); cardiac arrhythmia (n=104). gSome patients developed more
than one tumour. hCholangiocarcinoma (n=4); colorectal carcinoma
(n=38); gastric carcinoma (n=20); pancreatic carcinoma (n=21);
oesophageal carcinoma (n=12). iAcute myeloid leukaemia (n=4);
chronic myelogenous leukaemia (n=7); Hodgkin’s lymphoma (n=3);
myelodysplastic syndrome (n=6); precursor and mature B- and T-cell
neoplasms (n=35); unclassified lymphoma (n=1). jCarcinoma (n=6) and
melanoma (n=2) of the skin; carcinoma of the oropharynx (n=6), larynx
(n=6), salivary gland (n=2), thyroid (n=4), vulva (n=2), uterine cervix
(n=2), endometrium (n=1), ovary (n=23), prostate (n=28), urinary
system (n=23), kidney (n=17); hepatocellular carcinoma (n=7); primary
peritoneal carcinoma (n=1); Kaposi sarcoma (n=2); rhabdomyosarcoma
(n=1); synovial sarcoma (n=1); extraskeletal Ewing’s sarcoma (n=1);
uterine sarcoma NOS (n=1); medulloblastoma (n=1); paraganglioma
(n=1); cancer of unknown primary (n=17). kRepeated therapies are only
mentioned once.



tumour entities as related to the cut-off of ΔΔCt≤7.5. Some
patients (n=35) had more than one malignant tumour,
possibly metastasized to the pleural cavity, hence they were
excluded from subsequent evaluation.

The frequency of detected lung cancer was not
significantly different from the frequency of detected
malignant tumours of other origin (p=0.85).

Of the 17 patients with a false-positive SHOX2 result, three
had a malignant tumour (Hodgkin lymphoma, basalioma and
salivary gland carcinoma) in their history besides benign
pleural effusion according to the follow-up. All three of them
died within 15 days after we received their specimens. Two
more of the 17 patients died within 18 days after we received
their specimens. The remaining 12 patients did not exhibit
development of a malignant tumour during the follow-up
period which differs between 2 and 18 months. The 17
patients had the following spectrum of relevant benign
diseases (sorted by frequency): congestive heart failure (n=7),
cardiac congestion (n=7), advanced renal disease (n=3),
pneumonia (n=3), sepsis (n=3) and post myocardial infarction
(n=2). These diseases were also present in the group of the
patients who were SHOX2-negative.

Discussion

The performance of the SHOX2 methylation assay when used
for its intended use on bronchial aspirates was 81% (95%
CI=71%-89%) sensitivity and 95% (95% CI=88%-99%)
specificity (20). As expected, the test performance on pleural
effusions with the same cut-off criterion was different: its
sensitivity was 50.0% (95% CI=43.9%-56.1%) and its
specificity was 84.2% (95% CI=80.5%-87.5%). For both
studies, only the valid measured specimens were evaluated. The
most probable reason for these highly different results is the
difference in the tested materials themselves: pleural effusion
fluid is a very different source of analyte from bronchial lavage,
especially in regard to its composition. Pleural effusion is a
serous fluid, seldom mucoid, in most cases sterile, frequently
with a haemorrhagic component and usually contains

mesothelial cells. In contrast, bronchial aspirates are aspirated
mucoid fluids, often mixed with rinsing fluids (lavage),
frequently with bacterial and macrophagial background, rarely
with a haemorrhagic component and usually contain epithelial
cells. In contrast to the recommendations of the user’s-manual
for the Epi proLung® test, the Sacomannos-fixed material used
in this study was stored at 4˚C for a maximum of two years.
However, this should not be of great influence as the
Saccomannos-fixed material used for the previous studies with
this test on bronchial lavage was stored at room temperature for
12 years (20). The AUC regarding this study was 0.72 and as
such between the value of 0.94 achieved by the SHOX2
methylation assay on bronchial aspirates (20) and the that of
0.63 evaluated with methylation-sensitive high resolution
melting analysis of 97 non-small cell lung cancer samples and
corresponding normal lung tissue (31).

The cut-off criterion of the SHOX2 methylation assay
established for the diagnosis of bronchial lavage is not
directly transferable to the diagnosis of pleural effusions as
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Table II. Sensitivity and specificity of the short stature homeobox gene-two (SHOX2) methylation assay and the cytological examination. The table
shows the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for the examination of 719 valid measured
specimens using SHOX2 methylation assay, cytological examination and a combination of cytological examination and the SHOX2 assay. The data
are presented as the percentage (frequency) (95% CI).

SHOX2 assay Cytological examination Cytology+SHOX2 
assay (ΔΔCt≤7.5)

(ΔΔCt≤9.5) (ΔΔCt≤7.5)

Sensitivity 50.0% (138/276) (43.9%-56.1%) 39.5% (109/276) (33.7%-45.5%) 52.5% (145/276) (46.6%-58.4%) 58.0% (160/276) (51.9%-63.9%)
Specificity 84.2% (373/443) (80.5%-87.5%) 96.2% (426/443) (93.9%-97.7%) 99.8% (442/443) (98.7%-100.0%) 96.2% (426/443) (93.9%-97.7%)
PPV 66.3% (138/208) (60.7%-71.6%) 86.5% (109/126) (79.7%-91.3%) 99.3% (145/146) (95.3%-99.9%) 90.4% (160/177) (85.4%-93.8%)
NPV 73.0% (373/511) (70.5%-75.4%) 71.8% (426/593) (69.8%-73.8%) 77.1% (442/573) (74.9-79.3%) 78.6% (426/542) (76.2%-80.9%)

Table III. Performance of the short stature homeobox gene-two (SHOX2)
methylation assay for different types of malignant tumours. The
frequency and percentage of SHOX2-positive and  -negative results for
different tumour types, with a cutoff of ΔΔCt≤7.5, and the frequency of
these tumour types are shown. Only patients with positive reference
standards and only one known cancer origin were evaluated.

SHOX2 Frequency

Positive Negative

Lung cancer 44 (40%) 67 (60%) 111
Breast cancer 16 (55%) 13 (45%) 29
Mesothelioma 4 (67%) 2 (33%) 6
Lymphoma/leukaemia 6 (26%) 17 (74%) 23
Gastrointestinal cancer 11 (37%) 19 (63%) 30
Other 13 (31%) 29 (69%) 42

Total 94 (39%) 147 (61%) 241



shown above. Therefore, two new cut-off criteria were
considered. These criteria were the ΔΔCt≤7.5 criterion,
which provides an optimum balance of sensitivity and
specificity, and the ΔΔCt≤3.5 criterion, with a very high
specificity at the expense of sensitivity.

The SHOX2 methylation assay was able to achieve a valid
measurement in 719 cases out of 1,270 specimens with
evaluable reference standard. Consequently, 43.4%
(551/1,270) measurements were declared invalid. This
matches the validation study by Dietrich and co-workers on
bronchial aspirates, who had 38.4% (96/250) invalid results,
most probably due to DNA degradation of the archival
specimens, applying the validity criteria provided by the
assay (20). The valid and invalid results in the presented
study are not significantly different in the distribution of the
follow-up result, cytological diagnosis, sex and age of the
patients. Accordingly, we conclude that the above-mentioned
crucial parameters do not influence the consideration of
measurement of a specimen as being valid or invalid.

Schmidt and co-workers measured SHOX2 DNA
methylation on 523 bronchial aspirates from 281 lung cancer
patients and 242 controls, and stated that increased SHOX2
methylation is highly specific for the detection of lung cancer,
and that this specificity is increased by the origin of their
material (21). Kneip and co-workers investigated SHOX2
DNA methylation as a biomarker for the detection of
malignant lung disease in plasma of patients with lung cancer
(25). Using the same assay, they achieved a sensitivity of 60%
(95% CI=53-67%) and a specificity of 90% (95% CI=84-
94%). Their collective consisted of 188 lung tumour cases
and 155 controls. Of the controls, 151 were samples from
healthy individuals or patients with a benign lung disease, and
the remaining four samples were from patients who had
carcinoma of the prostate. In contrast to our study on pleural
effusions, patients with other types of malignant tumours
were not included. Our results on pleural effusions
demonstrate that the SHOX2 methylation marker is able to
detect lung cancer and other tumour types. Furthermore, the
detection rates regarding lung cancer and tumours of other
origin do not significantly differ. Therefore, we conclude that
the ability of the SHOX2 methylation marker when used on
pleural effusions is not limited to the detection of lung cancer.

Comparing the results of the cytological examination to
the results of the SHOX2 methylation assay, the cytological
examination provides higher sensitivity and higher
specificity. Therefore, the SHOX2 methylation assay is not
suitable for replacing the cytological examination. The
evaluated combination of both methods is also not advisable
since it has an increased sensitivity at the cost of reduced
specificity. Using the stricter cut-off (ΔΔCt≤3.5) for the
combination of both methods would not lead to any increase
in sensitivity nor in specificity. Nevertheless, the assay could
be of use. The cytological examination requires a network of

very well-trained pathologists. This infrastructure may not
be established in every region. The SHOX2 methylation
assay is a PCR-based method, and can as such be up-scaled
to a high-throughput method. As a high-throughput method,
its use could be centralized until a network of pathologists
is established.

Further applicability of the SHOX2 methylation assay for
pleural effusions, using the ΔΔCt≤3.5 criterion to provide a
sensitivity of 17.8% with a specificity of 100%, could be the
combination with other methylation-based tumour markers to
enhance the sensitivitiy of detecting MPE. Admittedly 17.8%
sensitivity is very low, but in order to maintain high specificity,
it is crucial that all of the combined methods provide high
specificity. These other markers could, for example, be some
of those examined by Brock et al. (32). They achieved 67%
sensitivity (100% specificity) on a prospective cohort of 31
patients with pleural effusions applying methylation-specific
PCR with a marker panel of eight different genes [retinoic acid
receptor-beta (RARB), adenomatous polyposis coli (APC),
breast cancer 1 early onset (BRCA1), methylguanine-DNA
methyltransferase (MGMT), cellular retinol-binding protein 1
(CRBP1), fragile histidine triad (FHIT), ras association
domain family member 1 (RASSF1A) and cyclin–dependent
kinase inhibitor 2A (p16)].

Conclusion

The SHOX2 DNA methylation assay is a promising method
for the detection of a malignant cause of pleural effusion.
The lung cancer specificity reported for bronchial aspirates,
however, is not confirmed for pleural effusions.
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