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Abstract: Effusions or body cavity fluids are amongst the
most commonly submitted samples to the cytology
laboratory. Knowledge of proper collection, storage, preservation and processing techniques is essential to
ensure proper handling and successful analysis of the
sample. This article describes how the effusions should
be collected and proper conditions for submission. The
different processing techniques to extract the cellular
material and prepare slides satisfactory for microscopic
evaluation are described such as direct smears, cytospins, liquid based preparations and cell blocks. The article further elaborates on handling the specimens for
additional ancillary testing such as immunostaining and
molecular tests, including predictive ones, as well as
future research approaches.
Keywords: body cavity fluids, effusions, FISH, immunostaining, molecular, processing, storage, techniques.

Introduction
The serosal cavities are normally lined with a single layer
of small mesothelial cells and contain a scant amount of
fluid for lubrication. Serous effusions are pathologic body
fluids collected from the serosal cavities such as the
pleural, peritoneal and pericardial cavities that have
accumulated due to a wide range of underlying diseases
both benign and malignant. Examination of the exfoliated and exudated cells can shed a light on many conditions besides the diagnosis of cancer such as
inflammatory and autoimmune conditions of the serous
membranes, as well as infections. Serous effusions and
pelvic washes are among the most commonly encountered specimens in the cytology laboratory. Fluids can be
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collected by inserting a wide-bore needle through the
body wall into the fluid cavity and aspirating the fluid.
Pelvic and peritoneal washes are collected intra-operatively by flushing the peritoneal wall by a small amount
of balanced salt solution and collecting the fluid. The
proper collection, storage and processing of such fluids
can make the difference between an accurate and definitive diagnosis versus an uninterpretable specimen.
This article provides a review of the literature and the
recommendations of the authors regarding the pre-analytical phase of body fluids for the cytology laboratory
including the collection and handling, laboratory triage
of specimen, specimen processing for routine examination and for ancillary testing. A literature search utilizing
the Ovid Medline and PubMed search engines was performed using the following words singly and in combination: cytology, effusion, pleural fluids, peritoneal fluids,
pericardial fluids, storage, technique, processing, smears,
cell block, immunostaining, molecular, and FISH. A total
of 659 records and 2 text books were identified. Duplicate
and irrelevant records were excluded resulting in 93 relevant records.

Fluid collection
The clinicians throughout the health care facility should
be properly educated on the preferred methods for
the collection of fluids and their transfer to the laboratory.
An instruction manual periodically updated by
the laboratory should be available as a reference. The
idea is to have the fresh fluid collected and transferred to
the laboratory without degeneration or compromise of the
cellular viability. Fluids are natural cell suspensions and a
fresh fluid, i. e. collected in its natural state and without
added preservatives is best suited for cytological processing and further triage for additional testing [1].
Body fluids are usually divided among several
laboratories for testing depending on the clinical differential diagnosis. In general a portion of the fluid is submitted to the cytology laboratory for morphological
analysis of cells, identification of malignancies and
when appropriate performing additional ancillary tests.
Additional aliquots may be submitted to the hematology
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laboratory for cell count (lymphocytes and other inflammatory cells) or for flow cytometry in cases suspected of
lymphoma; chemistry for establishing characteristics of
the fluid such as pH, albumin levels, etc. to classify the
fluid as a transudate versus an exudate or for serological
testing especially in the setting of autoimmune diseases;
and microbiology testing and cultures, etc.
Body cavity fluids also have higher concentration of
thrombin and fibrinogen than blood. Consequently in
aspirated bloody fluids the thrombin can act on the fibrinogen and convert it to fibrin which tend to entrap the
diagnostic cells. This clotting tendency can be counteracted by using pre-heparinized glass bottles using 3 units
of heparin per 1 mL of the bottle capacity. Currently,
blood collection bags are used instead and pre-heparinized hypodermic needles can be used to prevent clotting
during aspiration. It is important to know that heparin
added after the collection of a fluid in a glass bottle will
not inhibit clotting [1, 2]. However, many laboratories
may not require the use of anticoagulant and prefer the
fluid in its natural state [3]. While the addition of heparin
does not impact the morphologic features it can negatively affect other findings e. g. causes lower pH [4].
Individual laboratories have their unique requirements
for the containers that would be accepted by the laboratory
e. g. glass versus plastic. A minimum volume of approximately 100 mL is recommended to ensure adequacy of
sample for proper cytological processing and evaluation.
Studies evaluating minimum fluid volume required indicated that at least 60 mL of fluid is necessary for adequate
cytological diagnosis of malignancy in pericardial effusions
[5] and a minimum of 75 mL for pleural fluids [6].

Key facts
1.
2.

3.

Fresh fluids are natural cell suspension.
Adding few drops of heparin may inhibit clotting of
bloody samples and does not interfere with cytological diagnosis but may interfere with other tests.
A minimum of approximately 100 mL is recommended for adequate evaluation

Fluid preservation
The natural fluid is rich in its own proteins that serve as
nutrient for the cells while in storage and the fresh status
allows for better cell spread and adhesion on the microscopic glass slides [1]. It is recommended that fresh fluids
are refrigerated at 4 °C until processing. Studies evaluated
the effect of storage on fluid morphology, immunostaining

(IMS) and serologic markers. Guzman et al evaluated the
number of cells, morphology and IMS with HEA-125 from
day 0 to day 4 in fluids collected in EDTA-coated tubes
and stored either at 4 °C or room temperature and found
that IMS staining was consistent until day 4, however the
storage had a negative effect on some lymphocyte markers
[7, 8]. Similarly, Masosca et al evaluated aliquots of fluids
refrigerated at 4 °C between day 0 and day 14 and reported
that both the morphology, IMS profiles and amplifiable
DNA were preserved [9]. Antonangelo et al. evaluated the
effect of storage at either 4 °C or –20 °C on the determination of adenosine deaminase in suspected tuberculous
effusions and found that the enzyme could be measured
from either conditions up to 28 days of storage without
significant change [10].
While it is ideal to send the fluid fresh, rare situations
such as shipping to a centralized laboratory may necessitate preservation. Because fluids are rich in nutrients,
there is no need to add solutions such as normal saline.
However in specimens such as pelvic and gutter washes,
it is recommended to collect them in a small volume of
balanced electrolyte solution (BES) also known as physiological solution. BES is sterile and pyrogen free and
therefore can be used in vivo or in vitro. It should be
noted however that balanced salt solution (BSS) is not
pyrogen free and therefore should only be used in vitro.
BSS is more expensive, sold in small amounts and would
only be required if cell cultures will be pursued [1]. For
cytological evaluation an aliquot of the fluid can be submitted in alcohol based collection media. The specimen
can be added to an equal volume of alcohol based collection media that is specified by the laboratory. Currently,
two such media are commercially available and commonly used for liquid based preparations (LBP);
CytoLyt™ a methanol based media used for ThinPrep™
(TP; Hologic, Marlborough, Mass., USA)) and CytoRich™
an ethanol based media for SurePath (SP; BD. TRiPath,
Burlinglton, N.C., USA). Other alcohol based preservatives such as Saccomanno can also be used. It is important to realize however, that once fixed, these specimens
cannot be used to prepare direct smears and no air dried
preps regardless of the technique used can be prepared
with acceptable Romanowsky stain results.

Key facts
1.
2.
3.

Fluids are rich in nutrients
When needed BES and BSS are suitable as collecting
media
Can collect in specified alcohol based solutions for LBP
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Laboratory processing
Once the specimen is received in the laboratory, it is
entered in the laboratory data system and provided an
accession number. The fluid is grossly evaluated and the
volume and gross characteristics are documented, e. g.
color, clarity and any unusual features such as viscosity.
The fluid is then shaken to ensure equal distribution of
cells and aliquots are collected in 50 mL tubes for centrifugation and further processing depending on the techniques used by the laboratories. Effusions are unique
specimens and can vary widely in their cellularity, protein or blood and clot content and consequently a wide
range of techniques to process fluids have been described
in the literature. To harvest the cells, the fluid is usually
concentrated first. In the past prior to the introduction of
centrifugation and LBP, the fluids were filtered and the
cells were captured on the filter surface and stained
along with the filter and then mounted on a slide for
examination (Millipore or Nuclepore). This method is
rarely used now and instead the fluids are centrifuged
and additional preps are performed from the cell pellet. A
variety of methods have been described to handle bloody
fluids including flotation technique, blood hemolysis
before sample preparation e. g. Saponin technique [1] or
after sample preparation and even after the slide is prepared e. g. rehydration of air-dried smears with normal
saline [11].
The easiest and most efficient and cost effective
method is preparing a direct smear from a drop of the
sediment. Many laboratories also include a concentration
technique to harvest the cells such as cytospins, Millipore
filters and LBP as well as a cell block (CB). These preps
can be either air dried and stained by the Romanowsky
stain, or ethanol fixed and stained by the Papanicolaou
method. Many studies evaluated these processing techniques seeking to find the best methodology and combination. Based on these studies, it is recommended to use a
combination of techniques such as air dried and fixed
smears along with a concentration method to achieve
highest sensitivity [12, 13]. Starr and Sherman evaluated
the performance of 5 different preparation techniques in
the diagnosis of 108 malignant effusions. Malignant cells
were detected in 68 % of the ethanol fixed Papanicolaou
stained smears, 68 % of the air dried Romanowsky
stained smears, 83 % of the cytospins and 85 % of the
CB and Millipore filters. Cancer cells were detected in
90 % of cases when a combination of one fixed, one air
dried and one of the three concentration techniques were
used. Of interest is their finding that 5 of the 30
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hematologic neoplasms would have been missed if the
combination did not include a CB [12].
Recently LBP emerged as a methodology that provides numerous advantages. TP is based on sample filtration (Figure 1) while SP is based on sedimentation
through a Ficoll gradient tube. The methodology is automated and the preps produce thin-layer with minimal cell
overlap and reduced contamination by blood or other
obscuring factors. A single prep is considered representative of the sample thus eliminating the need for preparing
several slides. In the first author’s experience additional
slides prepared from the same vial for teaching or
research are usually reproducible and consistent with
the original slide [14]. It is recommended that a cell
block is prepared in conjunction with LBP (reports for
TP) this is particularly important because fluids may
contain large fragments that may not pass through the
filter and are only noticed on the CB [15]. Other reports
echoed similar findings in transbronchial aspirates and
washes [16–18]. This has also been the first author’s
experience especially in hemorrhagic effusions. Data is
not sufficient to comment on the SP method.

Key facts
1.

Need to check for the special processing technique
used by your laboratory
2. Specimen is subjected to vigorous shaking to redistribute the cells, centrifugation or other enriching
process and cell deposition on the slides according
to selected method.
3. Slides are prepared in various ways: Direct smears,
filters, cytospins, or LBPs
4. Slides may be air dried and stained with Romanowsky
stain or fixed and stained with Papanicolaou stain.
However LBP are always fixed.
5. Cell block is frequently prepared as a complement in
many laboratories

To screen or not to screen
Prior to further processing, many laboratories screen the
fluid by preparing a toluidine blue test (wet film) which
involves placing a drop of the fluid sediment and a drop
of toluidine blue dye on a slide, mixing the two drops
with the corner of a coverslip and covering the slide by
the cover slip. The slide can be immediately screened by
the cytotechnologists to assess the cellularity and the
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Cytology: Liquid-based preparation(LBP)

STEP 1:
Dispersion of the sample

STEP 2:
Filtration and
collection of the cells
onto a membrane

STEP 3:
Cell transfer to a
glass microscope slide

Figure 1: In ThinPrep, one example of LBP, the sample is gently agitated to disperse mucus and other debris and promote random
distribution of cells (step 1). A vacuum is then applied to force the broken erythrocytes and debris to pass through a polycarbonate thin filter
attached to the end of the cylinder while the cells of interest adhere to the surface of the filter (step 2). The cylinder is finally removed,
inverted and pressed against a slide while a gently positive air pressure is applied to ensure transfer and adherence of cells to the slide.

presence of malignant cells. Based on the results, the
cellularity can be adjusted e. g. low cellular specimens
can be concentrated while highly cellular specimens can
be diluted to ensure proper assessment. In addition,
many laboratories will hold the malignant cases to be
stained at the end before cleaning the staining circuit
thus avoid cross contamination of other slides. This is
based on the notion that clusters of malignant cells particularly in the super positive fluids can shed in the
staining solutions and deposit on other slides [3, 19]
(Figure 2). While this represents an additional step, it is
well worth it in the authors experience particularly when
using direct smears. Laboratories using liquid based
preparations tend to consider this step unnecessary.
However, in the first author’s experience, while contamination from super positive highly cellular cases is very
rare with LBP, doing wet film is still well worth the
trouble since such incident can pose serious diagnostic
problems and bring the entire laboratory to a halt while
cleaning the staining circuit. Additional individual specimen triage for immediate interpretation and recommendations for further processing can be done on wet film or
air dried Romanowsky stained smears. However, it was
shown that such process may not provide practical

advantage in the turnaround time or diagnostic accuracy
particularly in light of the resources used [20, 21].

Key facts
1.

Wet film is used to screen for:
a. Cellularity-adjust for processing
b. Super positive cases-stain at the end to prevent
contamination

Cell blocks
The cell block is a process in which the cellular pellet in
its entirety can be fixed and embedded in paraffin blocks
from which 4–5 µm sections are cut and stained with
hematoxylin and eosin (H&E) or additional stains as the
case requires e. g. special stains for microorganisms, IMS
to classify malignant cases etc.
A variety of techniques have been described for cell
blocks but the main principle is the same. The fluid is
centrifuged, the supernatant is discarded and the pellet is
fixed in situ and removed en bloc to a cassette that will
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Figure 2: Example of contamination caused by a positive pleural
effusion. Upon comparison of all cases it was determined that
malignant clusters in B and C are due to contamination.
(A) A direct smear prepared from a fluid with metastatic breast
carcinoma was erroneously stained in the same circuit with other
non-gynecologic specimens. (B) Slide from a negative pancreatic
FNA contained a cluster of adenocarcinoma at the periphery. (C)
Slide from a negative thyroid FNA contained a similar cluster of
malignant cells.

be formalin fixed and paraffin embedded (FFPE) and
processed as any histology specimen. Pellets can be
clotted through the thrombin clot technique by adding 4
drops of fresh plasma and 1–2 drops of thrombin, mix
well and allow to clot for 1–5 min [1]. The pellet can also
be solidified by adding a gelling agent such as melted
agar or HistoGel [22, 23] and allowing it to cool at room
temperature. For both these techniques, the pellet can
still be fragile and so many labs resort to wrapping it in
tea bags or tissue wrappings prior to placing it in the
cassette to avoid loss of tissue (Figure 3). The Shandon
Cytoblock system [24] offers an alternative cell block
preparation that eliminates the need for pellet wrapping.
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Hologic Cellient system is an alternative fully automated
cell block preparation that is currently available [25].
Although the cell block methodology was described
and practiced as early as the introduction of the cervical
smears, there is still controversy on the necessity to use
it. Some consider that the routine use of CB is not cost
effective as the detection of few malignant cases that
could be missed do not justify the cost involved. They
recommend that it can be done on selective cases as
needed after the slide review [26]. This however would
delay the diagnosis by at least 24 h since the CB will
require formalin fixation for several hours in addition to
the time needed for further processing in the histology
laboratory. Others also argue that additional cytospins
are more cost effective, can be prepared faster and can
be used for ancillary testing. Starr et al. evaluated the
comparable cost of the different cytological techniques
accounting for the cost of disposables, preparation,
staining and screening. They reported that the material
cost of cytospins when the slides sold by the manufacturer were used exceeded the cost of CB. However, the
cost was comparable if regular slides were used for the
cytospins [12]. On the other hand, there are many advocates for the use of CB routinely in conjunction with
smears or other preps. Several reports recommended
the use of CB to enhance the diagnostic accuracy. As
previously mentioned, its use in combination with
smears improved the detection of cancer cells in the
malignant fluids from 66 % and 68 % for fixed and air
dried smears respectively to 90 % [12]. Also as previously mentioned it is highly recommended to use CB
in conjunction with LBP [15]. The CB is particularly
valuable in providing a high concentration of cells in a
small area of the slide, a histologic correlate of the
cytology material and sometimes shed the light on the
architecture of micro-fragments, additional slides for
further ancillary testing to classify malignant cases and
even molecular testing, and archival material for future
use [27, 28].

Key facts
1.

Cell block is prepared by solidifying a pellet either by
forming a thrombin clot or adding a gelling agent
2. It allows for the presentation of a large number of
cells concentrated on a small area of the slide
3. Provides a histological correlate to the cytology sample and better visualization of micro-fragments
4. Provides additional slides for ancillary testing
5. Can be easily archived for future testing or research
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Figure 3: Cytology: cell block technique.
Preparing a cell block requires centrifugation of the sample aliquot to concentrate the cells. The supernatant is then discarded and the cell
pellet is solidified either by using the thrombin clot technique or by adding a gelling agent. The solidified pellet is put in a cassette lined by
a either a sponge or tissue paper, closed and fixed in neutral formalin for several hours. The fixed pellet is then embedded in paraffin and
sectioned at 4–5 µm slices that are deposited on glass slides and stained by H& E or other IMS.

Preparations for ancillary testing
Immunostaining (IMS)
Different preps and conditions have been tested particularly for IMS use. While there are advocates on both side
i. e. use of smears/cytospins versus CB, there is a general
agreement that when properly prepared and validated all
techniques produce satisfactory results. Ueda evaluated
the immunoreactivity in reactive and malignant effusion
samples to a panel of IMS using ethanol fixed smears,

ethanol fixed CBs, and formalin-fixed CBs and reported
that the immunoreactivity of both CB types were significantly lower than that of the ethanol fixed smears [29].
Fetch et al. evaluated immunoreactivity using three commonly utilized preparations: air dried cytospins post
fixed in ethanol, FFPE CBs prepared by the thrombin
clot method, and TP. They reported that cytospins and
TP performed in a similar manner. Those preps tended to
have a high background staining encountered in 66 % of
cases, most evident in three-dimensional cell clusters.
They also noted difficulty in interpreting membranous
stains. The CB provided the best milieu with high
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background staining in only 17 % of cases and the results
were closely similar to those reported in the surgical
pathology literature [30].
Shidham et al first evaluated the impact of different
smear fixation methods on the immunoreactivity for
anticytokeratin AE1/AE3 using scrapes from fresh specimens and compared the results with the correlating
paraffin embedded tissue sections (FETS). The fixation
methods included: smears directly fixed in 95 % ethanol, air dried then rehydrated in saline or directly fixed
without rehydration by one of three fixatives (alcoholic
formalin, 95 % ethanol with 5 % acetic acid or 95 %
ethanol) and found that air-dried, saline rehydrated
smears post fixed in alcoholic formalin had both higher
intensity and proportion scores compared to those without rehydration and had comparable immunoreactivity
to those with wet fixed smears and FETS [31]. In an
extended study, they evaluated scrapes prepared from
34 fresh specimens fixed with the above methods and
stained with a larger panel. The immunoreactivity was
compared with that seen on the correlating PETS. Again
their results showed that except for vimentin, all IM
stains showed the best results when either directly
fixed in 95 % ethanol or air-dried-rehydrated and post
fixed in alcoholic formalin [32]. Additional studies confirmed success using direct smears air dried and post
fixed in formalin [33, 34].
Gong et al. evaluated the immunoreactivity on TP
versus CB and reported that both techniques performed
equally, except for nuclear stains (Ki67, PCNA and p53),
where both the frequency and intensity were significantly
reduced on TP compared to CB [35]. Jing et al evaluated
the cellular morphology as well as frequency and intensity of IMS in CB prepared directly by thrombin clot,
HistoGel, or fixed in CytoLyt (methanol based) then prepared by HistoGel. They concluded that methanol prefixation did not negatively impact the morphology or IMS
and all cell blocks performed equally. The background
staining was highest in the HistoGel CBs and least in the
CytoLyt collected samples [36].

Key facts
1.
2.
3.

IMS can be successfully employed on all types of
preparations.
Cell blocks are easiest to validate and assess
Specimens collected in alcohol based media are
usually not affected but individual antibodies should
be first validated since some have been reported to
have reduced signaling
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Other ancillary testing
In addition to IHC, a wide range of analyses may be
applied to serous effusions, including diagnostic assays
and predictive tests, as well as research approaches
which may yet find future application within the first
two categories. These assays are based on analysis of
both the effusion supernatant and the cells pellets. The
last author’s lab requests clinicians to submit fresh nonfixed specimens of maximal volume immediately after
tapping, thereby guaranteeing high-quality material for
these analyses.
Effusion supernatants may be analyzed in the fresh
state, the more common situation in the diagnostic setting, or following freezing at –80 °C. As discussed above,
agents which prevent coagulation may be used, particularly when dealing with hemorrhagic effusions, but are
generally not needed for non-sanguineous specimens.
The oldest approach assessing the liquid fraction of
the effusion is the measurement of tumor markers, e. g.
CA 125, CA 19–9, CA 15–3 and the cytokeratin fragment
CYFRA 21–1 as evidence of malignancy using ELISAbased techniques [37]. More recently, markers whose
measurement may be more tumor-specific have been
identified, such as mesothelin and hyaluronan in the
diagnosis of malignant mesothelioma [38].
Other authors have studied effusion supernatants for
microRNA (miRNA) signatures that allow for the differentiation of benign from malignant effusions. miRNAs are
short non-coding RNAs which negatively or positively
regulate gene expression in physiological and pathological conditions by binding to the 3′-UTR of their target
mRNA, thereby inhibiting target gene translation into
proteins. Effusion supernatants from lung, gastric and
ovarian carcinoma have been shown to differ from
benign specimens [39–41]. The latter study, in which
miRNA content was analyzed in exosomes, small secreted
vesicles involved in tumor signaling, was performed on
archived material frozen at –80 °C, including specimens
stored for over 10 years [40].
Long-term freezing of effusion supernatants also preserves the metabolic profile of tumor cells, as a recent
comparative analysis of ovarian carcinoma, breast carcinoma and malignant mesothelioma specimens demonstrated [42].
Another diagnostic approach utilizing effusion supernatants is through analysis of secreted DNA fragments, as
shown for CCNE1, encoding cyclin E. Archival material
was used in this study too [43]. Analysis of the mRNA
levels of BIRC5, encoding the anti-apoptotic marker
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Survivin, by qPCR, showed overexpression of this mRNA
in supernatants from malignant compared to benign effusions [44].
As discussed above, cells in effusions may be preserved and analyzed in different forms, including smears,
cytospins and cell blocks. This is true for both immunohistochemistry and molecular analyses.
FISH was successfully applied to fresh effusions using
protocols including fixation in Carnoy’s solution (methanol: acetic acid, 3:1 ratio) to detect malignancy-associated
aberrations in chromosomes 11 and 17 [45] or 7, 11 and 17
[46]. The same solution was applied in analysis of
CDKN2A, the gene coding for p16 at chromosome 9p21,
which is deleted in different cancers, including malignant
mesothelioma [47, 48]. De-staining of Diff-Quik-stained
slides was applied in another study in which changes in
chromosomes 7 and 9 were assessed [49].
The commercial FISH test UroVysionTM, which
includes probes for chromosomes 3, 7 and 17, as well as
chromosome 9p21, was applied to effusion specimens
fixed in CytoLyt® solution and re-suspended in methanol-based fixative [50]. Changes in the same chromosomes were assessed in another study, in which smears
fixed in Delaunay solution, containing ethanol and acetone, and PAP-stained smears were used [51].
FISH, chromogenic ISH (CISH) or silver ISH (SISH)
are also applied to assessment of HER2 status. Studies
investigating HER2 status successfully used cytospins,
including air-dried specimens frozen at –80 °C [52] or –
20 °C [53] prior to analysis, specimens fixed in Carnoy’s
solution [54] and cell blocks [55]. FISH analysis of pleural
effusion specimens fixed in Carnoy’s solution was also
performed in a study of TTF1 in lung carcinoma [56].
Colorimetric ISH has been applied to cell block sections
in analyses of expression of cancer-associated mRNAs,
e. g. angiogenic molecules, transcription factors of the
ETS family and the epithelial-to-mesenchymal transition
(EMT) mediator Snail1 [57–59].
PCR has been widely applied to analysis of serous
effusions in the routine laboratory setting and in
research.
PCR-based methodology has been widely used in
testing of epidermal growth factor (EGFR) mutation status
in advanced non-small cell lung carcinoma (NSCLC).
Analyses have been successfully performed on both
cells directly isolated from fresh effusion specimens [60]
or on material frozen at –80 °C [61]. Both cell blocks and
archival smears were used for assessment of EGFR mutation status in 2 other studies [62, 63], while cell blocks
were used exclusively in the report by Yeo et al. [64]. Both
cell blocks and supernatants from pleural effusion

specimens, as well as plasma and tissue specimens,
were studied in another report [65]. New generation
sequencing (NGS) was already shown to be highly sensitive in assessment of EGFR mutation status [66] and is
likely to assume a central role in this setting in the future.
The latter study was performed on methanol-fixed PAPstained smears.
Cytological lung carcinoma specimens frozen at –80 °C
were informative for fusion between the echinoderm microtubule-associated protein-like 4 (EML4) and the anaplastic
lymphoma kinase (ALK) genes [67]. Specimens were mixed
with a buffer preventing RNA degradation before freezing
in the latter study. RNA was directly isolated from pleural
effusion cell pellets in another study in which tumors with
wild-type EGFR were analyzed for EML4-ALK fusion gene
by RT-PCR [68].
In a recent study of RET rearrangements, another
molecular event in NSCLC, cell pellets frozen in
RNAlaterTM were used [69].
Freezing of cell pellets at –80 °C or in liquid nitrogen
prior to PCR analysis has been used by several groups,
i. e. in analysis of effusions for prepro-gastrin releasing
peptide (prepro-GRP) in small cell lung carcinoma [70],
hMAM and hMAMB, coding for the breast carcinoma
markers mammaglobin and mammaglobin B [71], and in
analysis of different epithelial markers, including CLDN1,
CLDN4, CLDN18, CEA, EPCAM, CK19, CK20, MUC1 and
MUC16 using quantitative PCR (qPCR) [72].
The last author’s group freezes effusion cell pellets
at –70 °C in equal amounts of RPMI 1640 medium containing 50 % fetal calf serum and 20 % dimethylsulfoxide, retaining cell viability and high DNA, RNA and
protein quality over long periods of time. This material
has been extensively used for both gene expression array
analyses of different cancers affecting the serosal cavities [73–75] and validation studies of the array data
using qPCR [76–82].
Cells from effusions may also be cultured prior to
molecular analysis, as performed in a study of the melanoma-associated antigen (MAGE) family genes MAGE1
and MAGE3 and the related genes BAGE and GAGE1-2 in
ovarian carcinoma [83].
Effusion specimens studied for DNA methylation
have been frozen at –80 °C prior to analysis in the majority of studies [84–87], although freezing at –20 °C has
also been used [88]. Studies of effusion specimens applying proteomics used fresh samples, as well as samples
frozen at –20 °C or –80 °C [89–93].
In Conclusion it is important to remember that effusions lend themselves to a wide range of diagnostic and
molecular testing. It is best to submit the fluids fresh and
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fast to the laboratory which allows proper triage of the
sample.

Key facts
1.

Both effusion supernatants and cell pellets may have
a diagnostic, predictive and prognostic relevance
2. Both cell blocks and fresh-frozen material may be
used in most analyses
3. All molecular methods may be applied to effusion
specimens with robust results, provided specimens
are rapidly and adequately handled
4. Fixation, if any, depends on the molecular test applied
Author contributions: All the authors have accepted
responsibility for the entire content of this submitted
manuscript and approved submission.
Research funding: None declared.
Employment or leadership: None declared.
Honorarium: None declared.
Competing interests: The funding organization(s) played
no role in the study design; in the collection, analysis,
and interpretation of data; in the writing of the report; or
in the decision to submit the report for publication.

References
1. Gill GW. Cytopreparation: principles & practice, Rosenthal D,
editor. London: Springer, 2013.
2. Roffe BD, Wagner FH, Derewicz HJ, Gill GW. Heparinized bottles
for the collection of body cavity fluids in cytopathology. Am J
Hosp Pharm 1979;36:211–14.
3. Naylor B. Pleural, peritoneal and pericardial fluids. In: Boibbo M,
editor. Comprehensive cytopathology. Philadelphia: WB
Saunders, 2008:515–77.
4. Bou-Khalil PK, Jamaleddine GW, Debek AH, El-Khatib MF. Use of
heparinized versus non-heparinized syringes for measurements
of the pleural fluid pH. Respiration 2007;74:659–62.
5. Rooper LM, Ali SZ, Olson MTA Minimum volume of more
than 60 mL is necessary for adequate cytologic diagnosis
of malignant pericardial effusions. Am J Clin Path
2016;145:101–6.
6. Rooper LM, Ali SZ, Olson MT. A minimum fluid volume of 75 mL is
needed to ensure adequacy in a pleural effusion: a retrospective
analysis of 2540 cases. Cancer Cytopathol 2014;122:657–65.
7. Guzman J, Arbogast S, Bross KJ, Finke R, Costabel U. Effect of
storage time of pleural effusions on immunocytochemical cell
surface analysis of tumor cells. Anal Quant Cytol Histol
1992;14:203–9.
8. Guzman J, Arbogast S, Bross KJ, Finke R, Costabel U. Effect of
storage time on the analysis of lymphocyte subpopulations in
pleural effusions. Acta Cytol 1993;37:267–71.

53

9. Manosca F, Schinstine M, Fetsch PA, Sorbara L, Maria Wilder A,
Brosky K, et al. Diagnostic effects of prolonged storage on fresh
effusion samples. Diagn Cytopathol 2007;35:6–11.
10. Antonangelo L, Vargas FS, Almeida LP, Acencio MM, Gomes FD,
Sales RK, et al. Influence of storage time and temperature on
pleural fluid adenosine deaminase determination. Respirology
2006;11:488–92.
11. Ng WF, Choi FB, Cheung LL, Wu C, Leung CF, Ng CS. Rehydration
of air-dried smears with normal saline. Application in fluid
cytology. Acta Cytol 1994;38:56–64.
12. Starr RL, Sherman ME. The value of multiple preparations
in the diagnosis of malignant pleural effusions. A cost-benefit
analysis. Acta Cytol 1991;35:533–7.
13. Venrick MG, Sidawy MK. Cytologic evaluation of serous
effusions. Processing techniques and optimal number of
smears for routine preparation. Am J Clin Path 1993;99:182–6.
14. Michael CW, Bedrossian CC. The implementation of
liquid-based cytology for lung and pleural-based diseases.
Acta Cytol 2014;58:563–73.
15. Curry JL, Wojcik EM. Malignant pericardial effusion with metastatic
squamous-cell carcinoma: discordance between ThinPrep and
cell-block cytopreparation. Diagn Cytopathol 2003;29:270.
16. Collins GR, Thomas J, Joshi N, Zhang S. The diagnostic value
of cell block as an adjunct to liquid-based cytology of bronchial
washing specimens in the diagnosis and subclassification of
pulmonary neoplasms. Cancer Cytopathol 2012;120:134–41.
17. Gauchotte G, Vignaud JM, Menard O, Wissler MP, Martinet Y,
Siat J, et al. A combination of smears and cell block
preparations provides high diagnostic accuracy for
endobronchial ultrasound-guided transbronchial needle
aspiration. Virchows Arch 2012;461:505–12.
18. Wallace WA, Monaghan HM, Salter DM, Gibbons MA,
Skwarski KM. Endobronchial ultrasound-guided fine-needle
aspiration and liquid-based thin-layer cytology. J Clin Pathol
2007;60:388–91.
19. Arabi H, Yousef N, Han L, Bandyopadhyay S, Feng J,
Al-Abbadi M. Accuracy and added value of triage beyond
segregating potentially neoplastic effusions in immediate wet
preparation. Acta Cytol 2009;53:71–6.
20. Erkilic S, Kocer NE. Diagnostic accuracy of toluidine blue-stained
wet films in effusion cytology. Acta Cytol 2006;50:407–9.
21. Filie AC, Copel C, Wilder AM, Abati A. Individual specimen triage
of effusion samples: an improvement in the standard of practice,
or a waste of resources? Diagn Cytopathol 2000;22:7–10.
22. Varsegi GM, Shidham V. Cell block preparation [using Histogel]
from cytology specimen with predominance of individually
scattered cells. J Vis Ex 2009;29:e1316. http://www.jove.com/
index/Details.stp?ID=1316. last opened 3/8/2016.
23. Scientific TSR-A. Histogel: instructions for use. 92957066
R11/08. 2012.
24. Corporation TE. Shandon Cytoblock cell block preparation
system. 2012.
25. Hologic I. 2010.
26. Jonasson JG, Ducatman BS, Wang HH. The cell block for body
cavity fluids: do the results justify the cost? Mod Pathol
1990;3:667–70.
27. Nathan NA, Narayan E, Smith MM, Horn MJ. Cell block cytology.
Improved preparation and its efficacy in diagnostic cytology. Am
J Clin Path 2000;114:599–606.

54

Michael and Davidson: Pre-analytical issues in effusion cytology

28. Kulkarni MB, Desai SB, Ajit D, Chinoy RF. Utility of the
thromboplastin-plasma cell-block technique for fine-needle
aspiration and serous effusions. Diagn Cytopathol 2009;37:86–90.
29. Ueda J, Iwata T, Ono M, Takahashi M. Comparison of three
cytologic preparation methods and immunocytochemistries to
distinguish adenocarcinoma cells from reactive mesothelial
cells in serous effusion. Diagn Cytopathol 2006;34:6–10.
30. Fetsch PA, Simsir A, Brosky K, Abati A. Comparison of three
commonly used cytologic preparations in effusion
immunocytochemistry. Diagn Cytopathol 2002;26:61–6.
31. Shidham VB, Lindholm PF, Kajdacsy-Balla A, Chang CC,
Komorowski R. Methods of cytologic smear preparation and
fixation. Effect on the immunoreactivity of commonly used
anticytokeratin antibody AE1/AE3. Acta Cytol 2000;44:1015–22.
32. Shidham VB, Chang CC, Rao RN, Komorowski R, Chivukula M.
Immunostaining of cytology smears: a comparative study to
identify the most suitable method of smear preparation and
fixation with reference to commonly used immunomarkers.
Diagn Cytopathol 2003;29:217–21.
33. Knoepp SM, Placido J, Fields KL, Thomas D, Roh MH. The
application of immunocytochemistry to direct smears in the
diagnosis of effusions. Diagn Cytopathol 2013;41:425–30.
34. Roh MH, Schmidt L, Placido J, Farmen S, Fields KL, Courey AJ,
et al. The application and diagnostic utility of immunocytochemistry on direct smears in the diagnosis of pulmonary
adenocarcinoma and squamous cell carcinoma. Diagn
Cytopathol 2012;40:949–55.
35. Gong Y, Sun X, Michael CW, Attal S, Williamson BA, Bedrossian
CW. Immunocytochemistry of serous effusion specimens: a
comparison of ThinPrep vs cell block. Diagn Cytopathol
2003;28:1–5.
36. Jing X, Michael CW, Theoharis CG. The use of immunocytochemical
study in the cytologic diagnosis of melanoma: evaluation of three
antibodies. Diagn Cytopathol 2013;41:126–30.
37. Liang QL, Shi HZ, Qin XJ, Liang XD, Jiang J, Yang HB. Diagnostic
accuracy of tumour markers for malignant pleural effusion: a
meta-analysis. Thorax 2008;63:35–41.
38. Hjerpe A, Ascoli V, Bedrossian CW, Boon ME, Creaney J,
Davidson B, et al. Guidelines for the cytopathologic diagnosis of
epithelioid and mixed-type malignant mesothelioma.
Complementary statement from the International Mesothelioma
Interest Group, also endorsed by the International Academy of
Cytology and the Papanicolaou Society of Cytopathology. Acta
Cytol 2015;59:2–16.
39. Han HS, Yun J, Lim SN, Han JH, Lee KH, Kim ST, et al.
Downregulation of cell-free miR-198 as a diagnostic biomarker
for lung adenocarcinoma-associated malignant pleural effusion.
Int J Cancer 2013;133:645–52.
40. Vaksman O, Trope C, Davidson B, Reich R. Exosome-derived
miRNAs and ovarian carcinoma progression. Carcinogenesis
2014;35:2113–20.
41. Xie L, Chen X, Wang L, Qian X, Wang T, Wei J, et al. Cell-free
miRNAs may indicate diagnosis and docetaxel sensitivity of
tumor cells in malignant effusions. BMC cancer 2010;10:591.
42. Vettukattil R, Hetland TE, Florenes VA, Kaern J, Davidson B,
Bathen TF. Proton magnetic resonance metabolomic
characterization of ovarian serous carcinoma effusions:
chemotherapy-related effects and comparison with malignant
mesothelioma and breast carcinoma. Hum Pathol
2013;44:1859–66.

43. Salani R, Davidson B, Fiegl M, Marth C, Muller-Holzner E,
Gastl G, et al. Measurement of cyclin E genomic copy number
and strand length in cell-free DNA distinguish malignant versus
benign effusions. Clin Cancer Res 2007;13:5805–9.
44. Wang T, Qian X, Wang Z, Wang L, Yu L, Ding Y, et al.
Detection of cell-free BIRC5 mRNA in effusions and its potential
diagnostic value for differentiating malignant and benign
effusions. Int J Cancer 2009;125:1921–5.
45. Rosolen DC, Kulikowski LD, Bottura G, Nascimento AM,
Acencio M, Teixeira L, et al. Efficacy of two fluorescence in situ
hybridization (FISH) probes for diagnosing malignant pleural
effusions. Lung Cancer 2013;80:284–8.
46. Han J, Cao S, Zhang K, Zhao G, Xin Y, Dong Q, et al.
Fluorescence in situ hybridization as adjunct to cytology
improves the diagnosis and directs estimation of prognosis of
malignant pleural effusions. J Cardiothorac Surg 2012;7:121.
47. Illei PB, Ladanyi M, Rusch VW, Zakowski MF. The use of CDKN2A
deletion as a diagnostic marker for malignant mesothelioma in
body cavity effusions. Cancer 2003;99:51–6.
48. Matsumoto S, Nabeshima K, Kamei T, Hiroshima K, Kawahara K,
Hata S, et al. Morphology of 9p21 homozygous deletion-positive
pleural mesothelioma cells analyzed using fluorescence in situ
hybridization and virtual microscope system in effusion
cytology. Cancer Cytopathol 2013;121:415–22.
49. Shin HJ, Shin DM, Tarco E, Sneige N. Detection of numerical
aberrations of chromosomes 7 and 9 in cytologic specimens of
pleural malignant mesothelioma. Cancer 2003;99:233–9.
50. Flores-Staino C, Darai-Ramqvist E, Dobra K, Hjerpe A.
Adaptation of a commercial fluorescent in situ hybridization test
to the diagnosis of malignant cells in effusions. Lung Cancer
2010;68:39–43.
51. Savic S, Franco N, Grilli B, Barascud Ade V, Herzog M, Bode B,
et al. Fluorescence in situ hybridization in the definitive
diagnosis of malignant mesothelioma in effusion cytology.
Chest 2010;138:137–44.
52. Schluter B, Gerhards R, Strumberg D, Voigtmann R. Combined
detection of Her2/neu gene amplification and protein
overexpression in effusions from patients with breast and
ovarian cancer. J Cancer Res Clin Oncol 2010;136:1389–400.
53. Bozzetti C, Negri FV, Lagrasta CA, Crafa P, Bassano C,
Tamagnini I, et al. Comparison of HER2 status in primary and
paired metastatic sites of gastric carcinoma. Br J Cancer
2011;104:1372–6.
54. Arihiro K, Oda M, Ogawa K, Tominaga K, Kaneko Y, Shimizu T,
et al. Discordant HER2 status between primary breast carcinoma
and recurrent/metastatic tumors using fluorescence in situ
hybridization on cytological samples. Jp J Clin Oncol
2013;43:55–62.
55. Shabaik A, Lin G, Peterson M, Hasteh F, Tipps A, Datnow B,
et al. Reliability of Her2/neu, estrogen receptor, and
progesterone receptor testing by immunohistochemistry on cell
block of FNA and serous effusions from patients with primary
and metastatic breast carcinoma. Diagn Cytopathol
2011;39:328–32.
56. Li X, Wan L, Shen H, Geng J, Nie J, Wang G, et al. Thyroid
transcription factor-1 amplification and expressions in lung
adenocarcinoma tissues and pleural effusions predict
patient survival and prognosis. J Thorac Oncol
2012;7:76–84.

Michael and Davidson: Pre-analytical issues in effusion cytology

57. Davidson B, Goldberg I, Tell L, Vigdorchik S, Baekelandt M,
Berner A, et al. The clinical role of the PEA3 transcription factor
in ovarian and breast carcinoma in effusions. Clin Exp
Metastasis 2004;21:191–9.
58. Davidson B, Reich R, Kopolovic J, Berner A, Nesland JM,
Kristensen GB, et al. Interleukin-8 and vascular endothelial
growth factor mRNA and protein levels are down-regulated in
ovarian carcinoma cells in serous effusions. Clin Exp Metastasis
2002;19:135–44.
59. Elloul S, Elstrand MB, Nesland JM, Trope CG, Kvalheim G,
Goldberg I, et al. Snail, Slug, and Smad-interacting
protein 1 as novel parameters of disease aggressiveness in
metastatic ovarian and breast carcinoma. Cancer
2005;103:1631–43.
60. Tsai TH, Wu SG, Chang YL, Wu CT, Tsai MF, Wei PF, et al.
Effusion immunocytochemistry as an alternative approach
for the selection of first-line targeted therapy in advanced
lung adenocarcinoma. J Thorac Oncol 2012;7:993–1000.
61. Goto K, Satouchi M, Ishii G, Nishio K, Hagiwara K, Mitsudomi T,
et al. An evaluation study of EGFR mutation tests utilized for
non-small-cell lung cancer in the diagnostic setting. Ann Oncol
2012;23:2914–19.
62. Sun PL, Jin Y, Kim H, Lee CT, Jheon S, Chung JH. High
concordance of EGFR mutation status between histologic and
corresponding cytologic specimens of lung adenocarcinomas.
Cancer Cytopathol 2013;121:311–19.
63. Veldore VH, Patil S, Prabhudesai S, Satheesh CT, Shashidhara HP,
Krishnamoorthy N, et al. Targeted therapy management in NSCLC
patients using cytology: experience from a tertiary care cancer
center. Mol Diagn Ther 2016 Jan 6. (Epub ahead of print) PMID
26740090.
64. Yeo CD, Kim JW, Kim KH, Ha JH, Rhee CK, Kim SJ, et al. Detection
and comparison of EGFR mutations in matched tumor tissues,
cell blocks, pleural effusions, and sera from patients with
NSCLC with malignant pleural effusion, by PNA clamping and
direct sequencing. Lung Cancer 2013;81:207–12.
65. Liu X, Lu Y, Zhu G, Lei Y, Zheng L, Qin H, et al. The diagnostic
accuracy of pleural effusion and plasma samples versus tumour
tissue for detection of EGFR mutation in patients with advanced
non-small cell lung cancer: comparison of methodologies. J Clin
Pathol 2013;66:1065–9.
66. Buttitta F, Felicioni L, Del Grammastro M, Filice G, Di Lorito A,
Malatesta S, et al. Effective assessment of egfr mutation status
in bronchoalveolar lavage and pleural fluids by next-generation
sequencing. Clin Cancer Res 2013;19:691–8.
67. Soda M, Isobe K, Inoue A, Maemondo M, Oizumi S, Fujita Y,
et al. A prospective PCR-based screening for the EML4-ALK
oncogene in non-small cell lung cancer. Clin Cancer Res
2012;18:5682–9.
68. Wu SG, Kuo YW, Chang YL, Shih JY, Chen YH, Tsai MF, et al.
EML4-ALK translocation predicts better outcome in lung adenocarcinoma patients with wild-type EGFR. J Thorac Oncol
2012;7:98–104.
69. Tsai TH, Wu SG, Hsieh MS, Yu CJ, Yang JC, Shih JY. Clinical and
prognostic implications of RET rearrangements in metastatic
lung adenocarcinoma patients with malignant pleural effusion.
Lung Cancer 2015;88:208–14.
70. Saito T, Kobayashi M, Harada R, Uemura Y, Taguchi H. Sensitive
detection of small cell lung carcinoma cells by reverse transcriptase-polymerase chain reaction for

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

55

prepro-gastrin-releasing peptide mRNA. Cancer
2003;97:2504–11.
Fiegl M, Haun M, Massoner A, Krugmann J, Muller-Holzner E,
Hack R, et al. Combination of cytology, fluorescence in situ
hybridization for aneuploidy, and reverse-transcriptase polymerase chain reaction for human mammaglobin/mammaglobin
B expression improves diagnosis of malignant effusions.
J Clin Oncol 2004;22:474–83.
Mohamed F, Vincent N, Cottier M, Peoc’h M, Merrouche Y,
Patouillard B, et al. Improvement of malignant serous effusions
diagnosis by quantitative analysis of molecular claudin 4
expression. Biomarkers 2010;15:315–24.
Davidson B, Stavnes HT, Holth A, Chen X, Yang Y, Shih Ie M,
et al. Gene expression signatures differentiate ovarian/
peritoneal serous carcinoma from breast carcinoma in
effusions. J Cell Mol Med 2011;15:535–44.
Davidson B, Stavnes HT, Risberg B, Nesland JM,
Wohlschlaeger J, Yang Y, et al. Gene expression signatures
differentiate adenocarcinoma of lung and breast origin
in effusions. Hum Pathol 2012;43:684–94.
Davidson B, Zhang Z, Kleinberg L, Li M, Florenes VA,
Wang TL, et al. Gene expression signatures differentiate
ovarian/peritoneal serous carcinoma from diffuse malignant
peritoneal mesothelioma. Clin Cancer Res 2006;12:5944–50.
Bock AJ, Nymoen DA, Brenne K, Kaern J, Davidson B.
SCARA3 mRNA is overexpressed in ovarian carcinoma
compared with breast carcinoma effusions. Hum Pathol
2012;43:669–74.
Brenne K, Nymoen DA, Hetland TE, Trope CG, Davidson B.
Expression of the Ets transcription factor EHF in serous ovarian
carcinoma effusions is a marker of poor survival. Hum Pathol
2012;43:496–505.
Brenne K, Nymoen DA, Reich R, Davidson B. PRAME (preferentially
expressed antigen of melanoma) is a novel marker for differentiating serous carcinoma from malignant mesothelioma. Am J Clin
Path 2012;137:240–7.
Brusegard K, Stavnes HT, Nymoen DA, Flatmark K, Trope CG,
Davidson B. Rab25 is overexpressed in Mullerian serous
carcinoma compared to malignant mesothelioma. Virchows
Arch 2012;460:193–202.
Stavnes HT, Nymoen DA, Langerod A, Holth A, Borresen Dale AL,
Davidson B. AZGP1 and SPDEF mRNA expression differentiates
breast carcinoma from ovarian serous carcinoma. Virchows Arch
2013;462:163–73.
Yuan Y, Nymoen DA, Dong HP, Bjorang O, Shih Ie M, Low PS,
et al. Expression of the folate receptor genes FOLR1 and FOLR3
differentiates ovarian carcinoma from breast carcinoma and
malignant mesothelioma in serous effusions. Hum Pathol
2009;40:1453–60.
Yuan Y, Nymoen DA, Stavnes HT, Rosnes AK, Bjorang O, Wu C,
et al. Tenascin-X is a novel diagnostic marker of malignant
mesothelioma. Am J Surg Pathol 2009;33:1673–82.
Hofmann M, Ruschenburg I. mRNA detection of tumor-rejection
genes BAGE, GAGE, and MAGE in peritoneal fluid from patients
with ovarian carcinoma as a potential diagnostic tool. Cancer
2002;96:187–93.
Fujii M, Fujimoto N, Hiraki A, Gemba K, Aoe K, Umemura S, et al.
Aberrant DNA methylation profile in pleural fluid for differential
diagnosis of malignant pleural mesothelioma. Cancer Sci
2012;103:510–14.

56

Michael and Davidson: Pre-analytical issues in effusion cytology

85. Hiraki M, Kitajima Y, Sato S, Nakamura J, Hashiguchi K, Noshiro
H, et al. Aberrant gene methylation in the peritoneal fluid is a
risk factor predicting peritoneal recurrence in gastric cancer.
World J Gastroenterol 2010;16:330–8.
86. Katayama H, Hiraki A, Aoe K, Fujiwara K, Matsuo K, Maeda T,
et al. Aberrant promoter methylation in pleural fluid DNA for
diagnosis of malignant pleural effusion. Int J Cancer
2007;120:2191–5.
87. Yang TM, Leu SW, Li JM, Hung MS, Lin CH, Lin YC, et al. WIF-1
promoter region hypermethylation as an adjuvant diagnostic
marker for non-small cell lung cancer-related malignant pleural
effusions. J Cancer Res Clin Oncol 2009;135:919–24.
88. Benlloch S, Galbis-Caravajal JM, Martin C, Sanchez-Paya J,
Rodriguez-Paniagua JM, Romero S, et al. Potential diagnostic
value of methylation profile in pleural fluid and serum from cancer
patients with pleural effusion. Cancer 2006;107:1859–65.
89. Davidson B, Espina V, Steinberg SM, Florenes VA, Liotta LA,
Kristensen GB, et al. Proteomic analysis of malignant ovarian

90.

91.

92.

93.

cancer effusions as a tool for biologic and prognostic profiling.
Clin Cancer Res 2006;12:791–9.
Hsieh WY, Chen MW, Ho HT, You TM, Lu YT. Identification of
differentially expressed proteins in human malignant pleural
effusions. Eur Respir J 2006;28:1178–85.
Kim G, Davidson B, Henning R, Wang J, Yu M, Annunziata C,
et al. Adhesion molecule protein signature in ovarian cancer
effusions is prognostic of patient outcome. Cancer
2012;118:1543–53.
Tyan YC, Wu HY, Lai WW, Su WC, Liao PC. Proteomic profiling of
human pleural effusion using two-dimensional nano liquid
chromatography tandem mass spectrometry. J. Proteome Res
2005;4:1274–86.
Yu CJ, Wang CL, Wang CI, Chen CD, Dan YM, Wu CC, et al.
Comprehensive proteome analysis of malignant pleural
effusion for lung cancer biomarker discovery by using
multidimensional protein identification technology. J. Proteome
Res 2011;10:4671–82.

