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Summary

The diagnosis of metastatic cancer in peritoneal fluid 
is of great importance for the patient and the attending phy-
sician. A cytopathologist’s responsibility is twofold: (1) to 
accurately identify malignant cells; (2) to interpret tumor 
type and if possible the site of its origin even in the absence of 
complete clinical history of other clues. The difficulty in the 
diagnosis of metastatic neoplasms in peritoneal fluid is due 
to 2 factors: (1) abnormal mesothelial cells or macrophages 
may simulate cancer cells, or may conceal tumor cells; and 
(2) peritoneal fluid constitutes a natural and hitherto inad-

equately explored medium of cell culture, in which neoplas-
tic cells may proliferate free of the boundaries imposed upon 
them by the framework of organs and tissues.

Immunocytochemistry (ICC) and molecular techniques 
are essential to establish an accurate diagnosis. From a great 
many points of view malignant peritoneal fluid is suitable for 
continuous study of cancer cells, thus providing knowledge 
about biologic aspects of human solid tumors.
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Introduction

The word ascites is of Greek origin (askos), mean-
ing bag or sac, and is defined as the pathological accu-
mulation of excessive fluid within the peritoneal cavity. 
The most common cancers associated with malignant 
ascites are adenocarcinomas.

It is usually a manifestation of end-stage events 
in a variety of cancers and is associated with significant 
morbidity.

Peritoneal cytology has been used in the evalua-
tion of various malignancies since the early 1930s and 
modern cytology using ICC is considered to be helpful 
in achieving correct diagnosis.

This review summarizes the current knowledge in 
this field and the contribution of modern cytology in the 
accurate interpretation of the findings of malignant ascites.

Etiology, pathophysiology and clinical manife
stations

Malignant ascites, the subject of this review, sig-

nifies disease progression and is associated with worse 
prognosis regardless of the tumor’s origin. Malignant 
ascites accounts for about 10% of all cases of ascites 
and is usually caused by ovarian, endometrial, breast, 
gastric, colorectal, pancreatic, hepatobiliary carcinomas 
and malignant mesotheliomas (MM).

Sometimes ascites is the sole manifestation of in-
ternal malignancies [1-4].

Lymphatic obstruction seems to be the major 
pathophysiologic mechanism behind the formation of 
ascites. Recent evidence suggests that immunomodula-
tors, vascular permeability factors and metalloprotein-
ases contribute significantly to the process. The most 
acceptable theory for ascites formation is peripheral ar-
terial vasodilatation, leading to underfilling of circula-
tory volume.

The usual clinical presentation is a protuberant 
abdomen with discomfort, difficulty in breathing, and 
pain. It is known that in about 50% of patients with ma-
lignant ascites, this condition represents the first mani-
festation of their cancer [5,6].

The onset and progression of malignant ascites is 
associated with deterioration in quality of life (QoL). 
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from patients with serous borderline tumors can be 
problematic.

If the patient has a frozen section diagnosis of a se-
rous borderline tumor and the peritoneal fluid shows the 
presence of atypical cells, the pathologist may elect to 
release the report describing the presence of neoplastic 
cells along with the differential diagnosis, which includes 
serous borderline tumor and carcinoma. Alternatively, 
the pathologist could wait for evaluation of the surgical 
pathology specimen before releasing the final diagnosis.

The cytologic investigation of ascitic fluid in pa-
tients with liver insufficiency is often of crucial clinical 
diagnostic importance. The clinical differential diag-
nosis usually comprises cirrhosis of the liver and vari-
ous forms of primary or metastatic cancer. In cases of 
active cirrhosis with liver necrosis and jaundice, very 
atypical mesothelial cells in papillary or rosette-like ar-
rangement, accompanied by nuclear hyperchromasia, 
nuclear enlargement and strikingly abnormal single 
cells may be noted.

Malignant ascites and cytology

Peritoneal washing cytology has been used in the 
evaluation of malignancies since the early 1950s.

Metastasis from ovarian, endometrial and breast 
adenocarcinoma is the most common etiology for the 
presence of malignant cells in peritoneal effusions in fe-
male patients, whereas cancers of gastrointestinal tract 
and MM account for a relatively large number of cases 
in both sexes. In two-thirds of ovarian carcinoma and 
malignant MM tumor cells have disseminated to the 
peritoneal cavity at diagnosis [20,21].

In contrast to the early appearance of peritoneal 
effusions in ovarian cancer and MM, the mean interval 
between primary tumor diagnosis and the appearance of 
malignant ascites was 41.5 months in one series of breast 
cancer patients [22]. Irrespective of their time of appear-
ance, the finding of malignant cells in serous effusions 
is associated with significant therapeutic and prognostic 
implications, because it signifies the spread of disease 
beyond the organ of origin, hence, tumor progression.

As referred above, the presence of atypical meso-
thelial cells in malignant effusions is a big diagnostic 
problem for the correct cytologic interpretation of pa-
tients with malignant ascites. These reactive changes of 
mesothelial cells may be more pronounced after radia-
tion or chemotherapy, common adjuncts to surgery in 
the treatment of various malignancies [1,2].

In view of the clinical implications related to the 
presence of cancer cells in effusions, accurate diagnosis 
of this condition is of paramount significance. Therefore 

According to the International Ascites Club, severity is 
classified as grade I (mild; not clinically evident, diag-
nosed on ultrasound), grade II (moderate, proportion-
ate sensible abdominal distension) and grade III (severe, 
noticeable tense distension of the abdomen) [7-9].

Based on associated complications like spon-
taneous bacterial pneumonitis (SBP) or hepatorenal 
syndrome (HRS), and according to the therapeutic re-
sponse, ascites can also be classified as uncomplicated, 
complicated, and refractory.

Pitfalls in the cytologic evaluation of ascites

The diagnosis of malignant ascites is cytologic but 
with difficulties because isolated malignant cells often 
go undetected among mesothelial cells and macrophage 
populations. In addition, mesothelial cells react to a wide 
variety of stimuli and injuries that break their continuity 
by proliferation and cellular changes, as in cirrhosis, in-
cluding marked nuclear and cytoplasmic alterations that 
can mimic the morphology of malignant cells [10-14].

Differential diagnosis should include reactive me-
sothelial cells, but endosalpingiosis and endometriosis 
frequently contribute to diagnostic difficulties. Reactive 
mesothelial cells usually present as clusters of epithe-
lioid cells with occasional cell ball or papillary cluster 
formation. Occasionally the cells may be vacuolated 
or contain prominent nucleoli. The presence of cellular 
“windows” may help identify the cells as mesothelial 
[15]. Cells from the fallopian tubes in pelvic washings 
may also lead to false positive diagnosis.

Endosalpingiosis could be nearly impossible to 
distinguish from well differentiated serous neoplasms 
such as serous borderline tumor and low grade serous 
carcinoma.

Cases of endosalpingiosis display organized, tight 
clusters with occasional nonbranching papillary forma-
tion. It is important to remember that psammoma bodies 
might be present in cases of endosalpingiosis [16-19]. 
The distinction of endosalpingiosis from serous papil-
lary tumors is based on the presence of large papillary 
clusters with architectural disorientation in the latter. 
These findings of nuclear molding and nucleoli in pap-
illary clusters also suggest a neoplastic process.

Endometriosis is another potential pitfall. It is 
characterized by the presence of round to oval cells ar-
ranged in 3-dimensional clusters, tubular structures and 
sheets. The nuclei are round or bean-shaped with fine 
chromatin and rare nucleoli. The cytoplasm is scant and 
vacuolated. The most sensitive finding in endometrio-
sis is the presence of hemosiderin-laden macrophages.

The report format used in peritoneal washings 
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mesothelial cells, surface ovarian epithelial cells and 
pancreatic ductal carcinoma [49,50].

HMBE-1 is a mouse monoclonal antibody pre-
pared from a human MM but its specificity is not very 
high for mesothelial cells [51-55].

In our laboratory we use more often calretinin, 
WT-1, D2-40 and CK5/6. These markers are useful to 
characterize mesothelial cells-reactive or neoplastic-
when the cells are abundant in a specimen, but when 
the cells are scare, very often these markers are not ex-
pressed. For this reason we prefer to use a combination 
of mesothelial and epithelial markers, which are more 
sensitive to identify epithelial cells.

The panel of epithelial markers for the detection 
of epithelial cells include carcinoembryonic antigen 
(CEA), CA125, MOC31, BerEp4, CA19-9, and B72.3. 
CEA was one of the first antibodies used to distinguish 
epithelial from mesothelial cells. Mesothelial cells are 
generally negative for CEA staining, as are most carci-
nomas derived from gynecologic sites [56-60]. In our 
laboratory we use CEA, and we believe that is a useful 
marker for carcinomas of the gastrointestinal tract.

Several investigators have also reported that CEA 
stains macrophages and other inflammatory cells owing 
to nonspecific cross reactivity and that it has been asso-
ciated with a 5-15% false positive rate [61,62].

In our opinion, CEA sometimes stains mesothelial 
cells in about 5% of our cases.

CA125 is well established as a tumor marker for 
ovarian carcinoma. We use this marker very often in 
combination with WT-1, especially for serous ovarian 
carcinoma, but it can also be expressed in pancreatic 
and lung carcinomas [63].

The MOC-31 antibody recognizes an epithelial-as-
sociated transmembrane glycoprotein of unknown func-
tion in the GLS-1 small cell lung carcinoma cell line and 
in epithelial tumors. The BerEp4 antibody is generated 
from mice immunized with cells from the McF-7 breast 
carcinoma cell line and 2 noncovalently bound glyco-
peptides. Most studies [64,65] have documented that 
MOC-31 and BerEp4 are highly effective in distinguish-
ing adenocarcinoma from reactive mesothelial cells, al-
though few authors have reported possible expression 
of these markers in mesothelial cells. In our laboratory 
we use daily BerEp4 antibody and we believe that is the 
most sensitive epithelial marker in distinguishing epithe-
lial cells from reactive mesothelial cells.

CA19-9 is usually expressed in ovarian and gas-
trointestinal adenocarcinomas and in our opinion it is 
more sensitive in cancers of the gastrointestinal tract, 
and is expressed in 89% of serous adenocarcinomas. 
B72.3 monoclonal antibody recognizes the glycopro-
tein TAG-72 expressed in 69% of adenocarcinomas.

it has been in our practice to supplement morphologi-
cal examination of cytological specimens with ancil-
lary studies.

Ancillary studies

Most ancillary studies in our laboratory are based 
on ICC studies although there is a limited number of 
studies using flow cytometry and molecular studies. ICC 
studies can be performed in cytospins, Thin-Prep prepa-
rations, and cell blocks [23]. There is some controversy 
over what kind of preparation works best. It has been sug-
gested that cell blocks provided the best morphologic in-
terpretation and ICC study. However, another report ob-
tained superior results with smear preparations [24,25].

At Memorial Sloan-Kettering Cancer Center (New 
York), Thin-Prep slides are used for ICC studies in most 
fluid specimens requiring it. Several panels of antibod-
ies have been proposed in the literature to distinguish 
cells of mesothelial origin from adenocarcinoma. The 
antibodies include markers of mesothelial and epithe-
lial origin. Mesothelial markers previously evaluated 
include D2-40, calretinin, mesothelin, cytokeratin 5/6, 
WT-1, and HBME-1.

D2-40, a monoclonal antibody directed against 
the oncofetal antigen M2A present on cell membranes, 
has been described as a useful marker of mesothelial 
cells. It has been shown to have a good sensitivity and 
specificity for distinguishing epithelioid MM and reac-
tive mesothelial cells from adenocarcinoma [26-32].

Calretinin, a calcium-binding protein widely ex-
pressed throughout the central and peripheral nervous 
systems, is also expressed in mesothelial cells in the cy-
toplasm and frequently in the nucleus. In our laboratory 
is the best available marker to identify mesothelial cells. 
Calretinin expression has also been demonstrated in a 
small number of adenocarcinomas [33-47].

WT-1 is a DNA-binding protein predominantly 
located in the nucleus that plays a critical role in the de-
velopment of the genitourinary tract. In adult tissues, 
it is expressed by mesangial cells of the kidney, Ser-
toli cells of the testis, ovarian stromal cells and surface 
epithelium, mesothelial cells, and some other stromal 
cells in the female genital tract. WT-1 is also expressed 
in MM and in tumors derived from the ovarian surface 
epithelium. Although some studies have confirmed the 
specificity of WT-1 for MM, cytokeratin 5 is expressed 
in normal mesothelium, squamous, transitional epi-
thelia and myoepithelial cells but unfortunately some 
breast carcinomas express cytokeratin 5 [48].

Mesothelin is a surface protein that may be in-
volved in cell-cell adhesion. Its expression is seen in 
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Molecular diagnosis

The detection of cancer cells in peritoneal effu-
sions is a straightforward issue when a large number of 
overtly atypical cells are present, but difficulty may arise 
when these cells are few and less conspicuous. A vari-
ety of molecular methods, therefore, have been applied 
in order to improve the diagnostic sensitivity and speci-
ficity in this setting. Because ICC was not performed in 
many of these studies, it is difficult to establish the supe-
riority of these methods [66]. In our laboratory we use 
molecular methods such as in situ hybridization only for 
research studies in combination with ICC.

Molecular methods

The value of DNA analysis, using flow cytometry 
or image analysis, in the diagnosis of malignant cells 
in effusions (both epithelial and mesothelial) has been 
evaluated in several studies, generally with sensitivity 
and specificity that were not superior to current ICC 
panels [67-72]. Therefore, this method is in routine use 
in only a few laboratories worldwide.

The fluorescent in situ hybridization (FISH) and 
enzyme-linked immunosorbent assay (ELISA) have 
been used in breast, pancreatic and lung adenocarci-
noma [73,74].

Recent studies using reverse transcription-poly-
merase chain reaction (RT-PCR) suggested a role for 
this method in the detection of cancer cells in effusions 
[75].

Two additional methods that may be of interest in 
the diagnostic setting are studies of telomerase expres-
sion and comparative genomic hybridization (CGH) 
[76,77]. Studies of peritoneal washings and effusions 
using PCR or the telomeric repeat amplification pro-
tocol (TRAP) assay to detect telomerase activity have 
generally shown high sensitivity and specificity [78-
83].

Conclusions

Malignant peritoneal effusions may represent ma-
jor interpretive challenges to the cytopathologists and 
their status has important clinical implications. ICC and 
molecular methods are useful to identify cancer cells in 
malignant ascites. We hope that the continuous work 
over this topic will finally provide a significant body of 
data regarding cancer-cell diagnosis and biology in ef-
fusions, data that will complement current and future 
knowledge from studies of solid tumors.



450

39.	 Lozano MD, Panizo A, Tolodo GR, Sola JJ, Pardo-Mindon 
J. Immunocytochemistry in the differential diagnosis of se-
rous effusions: a comparative evaluation of eight monoclo-
nal antibodies in Papanicolaou stained smears. Cancer 2001; 
93: 68-72.

40.	 Nagel H, Hammerlein B, Ruschenburg I, Huppe K, Droese M. 
The value of anti-calretinin antibody in the differential diagno-
sis of normal and reactive mesothelia versus metastatic tumors 
in effusion cytology. Pathol Res Pract 1998; 194: 759-764.

41.	 Okamoto SS, Ito KK, Sasano HH et al. BerEp4 and anti-cal-
retinin antibodies: a useful combination for differential diag-
nosis of various histological types of ovarian cancer and me-
sothelial cells. Tohoku J Exp Med 2005; 206: 31-40.

42.	 Politi E, Kandaraki C, Apostolopoulou C, Kyritsi T, Koutseli-
ni H. Immunocytochemical panel for distinguishing between 
carcinoma and reactive mesothelial cells in body cavity fluids. 
Diagn Cytopathol 2005; 32: 151-155.

43.	 Roberts F, Harper CM, Dawnie I, Burnett RA. Immunohis-
tochemical analysis still has a limited role in the diagnosis of 
malignant mesothelioma: a study of thirteen antibodies. Am J 
Clin Pathol 2001; 116: 253-262.

44.	 Sato S, Okamoto S, Ito K, Konno R, Yajima A. Differential di-
agnosis of mesothelial and ovarian cancer cells in ascites by 
immunocytochemistry using BerEp4 and calretinin. Acta Cy-
tol 2000; 44: 465-488.

45.	 Simcir A, Fetsch P, Mehta D, Zakowski M, Abati A. E-cad-
herin, N-cadherin, and calretinin in pleural effusions: the good, 
the bad, the worthless. Diagn Cytopathol 1999; 20: 125-130.

46.	 Wieczorek T, Krane JF. Diagnostic utility of calretinin immu-
nohistochemistry in cytologic cell block preparations. Cancer 
2000; 90: 312-319.

47.	 Yaziji H, Battifora H, Barry TS et al. Evaluation of 12 antibod-
ies for distinguishing epithelioid mesothelioma from adeno-
carcinoma: Identification of a three-antibody immunohisto-
chemical panel with maximal sensitivity and specificity. Mod 
Pathol 2006; 19: 514-523.

48.	 Hwang H, Queenville L, Yaziji H, Gown AM. Wilms tumor 
gene product: sensitive and contextually specific marker of se-
rous carcinomas of ovarian surface epithelial origin. Appl Im-
munohistochem Mol Morphol 2004; 12: 122-126.

49.	 Marchevsky AM, Wick MR. Evidence-based guidelines for 
the utilization of immunostains in diagnostic pathology: pul-
monary adenocarcinoma versus mesothelioma. Appl Immu-
nohistochem Mol Morphol 2007; 15: 140-144.

50.	 Ordonez NG. Value of mesothelin immunostaining in the diag-
nosis of mesothelioma. Mod Pathol 2005; 16: 192-197.

51.	 Asali V, Carnovale-Scalzo C, Taccogna S, Nardi F. Utility of 
HMBE-1 immunostaining in serous effusions. Cytopathology 
1997; 8: 328-335.

52.	 Bateman AC, al-Talib RK, Newman T, Williams JH, Herbert 
A. Immunohistochemical phenotype of malignant mesothe-
lioma: predictive value of CA125 and HBME-1 expression. 
Histopathology 1997; 30: 49-56.

53.	 Gonzalez-Lois C, Ballestin C, Sotelo MT, Lopez-Rios F, Gar-
cia-Prats MD, Villena V. Combined use of novel epithelial 
(MOC-31) and mesothelial (HBME-1) immunohistochemi-
cal marker for optimal first line diagnostic distinction between 
mesothelioma and metastatic carcinoma in pleura. Histopa-
thology 2001; 38: 528-534.

54.	 Gumurdulu D, Zeren EH, Cagle PT et al. Specificity of MOC-
31 and HBME-1 immunohistochemistry in the differential di-
agnosis of adenocarcinoma and malignant mesothelioma: a 

22.	 Fentiman IS, Millis R, Seyton S, Hayward JL. Pleural effu-
sion in breast cancer: a review of 105 cases. Cancer 1981; 47: 
2087-2092.

23.	 Gammon R, Haweed A, Keyhani-Rofagho S. Peritoneal wash-
ing in borderline epithelial ovarian tumors in women under 25: 
the use of cell-block preparations. Diagn Cytopathol 1998; 
18: 212-214.

24.	 Fetsch PA, Abati A, Hijazi YM. Utility of the antibodies CA19-
9. HBME-1, and thrombomodulin in the diagnosis of malig-
nant mesothelioma and adenocarcinoma in cytology. Cancer 
1998; 84: 101-108.

25.	 Fetsch PA, Simcir A, Abati A. Comparison of antibodies to 
HMBE-1 and calretinin for the detection of mesothelial cells 
in effusion cytology. Diagn Cytopathol 2001; 25: 158-161.

26.	 Bassarova AV, Nesland JM, Davidson B. D2-40 is not a spe-
cific marker for cells of mesothelial origin in serous effusions. 
Am J Surg Pathol 2006; 30: 878-882.

27.	 Bhalla R, Siddigni MT, Mandich D et al. Diagnostic utility of 
D2-40 and podoplanin in effusion cell blocks. Diagn Cytopa-
thol 2007; 35: 342-347.

28.	 Chu AY, Litzky LA, Pasha TL, Acs G, Zhang PJ. Utility of D2-
40, a novel mesothelial marker, in the diagnosis of malignant 
mesothelioma. Med Pathol 2005; 18: 105-110.

29.	 Lyons-Boudreaux V, Mody DR, Zhai J, Coffey D. Cytologic 
malignancy versus benignancy: how useful are the “newer” 
markers in body fluid cytology? Arch Pathol Lab Med 2002; 
132: 23-28.

30.	 Muller AM, Franke FE, Muller KM. D2-40: a reliable marker 
in the diagnosis of pleural mesothelioma. Pathophysiology 
2006; 73: 50-54.

31.	 Ordonez NG. The diagnostic utility of immunohistochemistry 
and electron microscopy in distinguishing between peritoneal 
mesotheliomas and serous carcinomas: a comparative study. 
Mod Pathol 2006; 19: 34-48.

32.	 Saad RS, Lindner JL, Lin X, Silverman JF. The diagnostic 
utility of D2-40 for malignant mesothelioma versus pulmo-
nary carcinoma with pleural involvement. Diagn Cytopathol 
2006; 34: 801-806.

33.	 Chhieng DC, Yee H, Schoefer D et al. Calretinin staining pat-
tern aids in the differentiation of mesothelioma from adenocar-
cinoma in serous effusions. Cancer 2000; 90: 194-200.

34.	 Comin CE, Novelli L, Boddi V, Paglienari M, Dini S. Cal-
retinin, thrombomodulin, CEA, and CD15: a useful combi-
nation of immunohistochemical markers for differentiating 
pleural epithelial mesothelioma from peripheral pulmonary 
adenocarcinoma. Hum Pathol 2001; 32: 529-536.

35.	 Comin CE, Saieva CC, Messerini LL. h-caldesmon, calretinin, 
estrogen receptor, and BerEp4: a useful combination of immu-
nohistochemical markers for differentiating epithelioid perito-
neal mesothelioma from serous papillary carcinoma of ovary. 
Am J Surg Pathol 2007; 31: 1139-1148.

36.	 Cook DS, Attanoos RL, Jalloh SS, Gibbs AR. “Mucin-posi-
tive” epithelial mesothelioma of the peritoneum: an unusual 
diagnostic pitfall. Histopathology 2000; 37: 33-36.

37.	 Kitazume H, Kitamura K, Mukai K et al. Cytologic differen-
tial diagnosis among reactive mesothelial cells, malignant me-
sothelioma, and adenocarcinoma: utility of combined E-cad-
herin and calretinin immunostaining. Cancer 2000; 90: 55-60.

38.	 Ko EC, Jholo NC, Shultz JJ, Chhieng DC. Use of a panel of 
markers in the differential diagnosis of adenocarcinoma and 
reactive mesothelial cells in fluid cytology. Am J Clin Pathol 
2001; 116: 709-715.



451

Clin Pathol 2000; 114: 568-581.
69.	 Davidson B, Reich R, Lazarovici P, Florenes VA, Niesson S, 

Nesland JM. Altered expression and activation of the nerve 
growth factor receptors TrKA and P75 provides the first evi-
dence of tumor progression to effusion in breast carcinoma. 
Breast Cancer Res Treat 2004; 83: 119-128.

70.	 Fetsch PA, Abati A. Immunocytochemistry in effusion cytol-
ogy: a contemporary view. Cancer 2001; 93: 293-308.

71.	 Davidson B, Risberg R, Reich R, Berner A. Effusion cytology 
in ovarian cancer-new molecular methods as aids to diagnosis 
and prognosis. Clin Lab Med 2003; 23: 729-754.

72.	 Gong Y, Sun X, Michael CW, Attal S. Williamson BA, Bed-
rossian CMW. Immunocytochemistry of serous effusion speci-
mens: a comparison of ThinPrep vs. cell block. Diagn Cyto-
pathol 2003; 28: 1-5.

73.	 Shin JCH, Shin DM, Tarco E, Sneige N. Detection of numeri-
cal aberrations of chromosome 7 and 9 in cytologic specimens 
of pleural malignant mesothelioma. Cancer Cytopathol 2003; 
99: 233-239.

74.	 Hung TL, Chen FF, Liu JM et al. Clinical evaluation of HER-
2/neu protein in malignant pleural effusion-associated lung 
adenocarcinoma and as tumor marker in pleural effusion di-
agnosis. Clin Cancer Res 2003; 9: 2605-2613.

75.	 Yu CJ, Shew JY, Liaw YS, Kuo SH, Luh KT, Yang PL. Ap-
plication of mucin quantitative competitive reverse transcrip-
tion polymerase in assisting the diagnosis of malignant pleural 
effusion. Am J Respir Crit Care Med 2001; 164: 1312-1318.

76.	 Kim NW, Piatyszek MA, Prowse KR et al. Specific association 
of human telomerase activity with immortal cells and cancer. 
Science 1994; 266: 2011-2015.

77.	 Shay JW, Wright WK. Telomerase activity in human cancer. 
Curr Opin Oncol 1996; 8: 66-71.

78.	 Tseng CJ, Join S, Hou HC et al. Applications of the telomer-
ase assay in peritoneal washing fluids. Gynecol Oncol 2001; 
81: 420-423.

79.	 Mu XC, Brien TP, Ross JS, Lowry CV, McKenna BJ. Telom-
erase activity in benign and malignant cytologic fluids. Cancer 
Cytopathol 1999; 87: 93-99.

80.	 Yang CT, Lee MH, Lan RS, Chen JK. Telomerase activity in 
pleural effusions: diagnostic significance. J Clin Oncol 1998; 
16: 567-573.

81.	 Cunnigham VJ, Markham N, Shroyer AL, Shroyer KR. De-
tection of telomerase expression in fine needle aspirations and 
fluids. Diagn Cytopathol 1998; 18: 431-436.

82.	 Gorham H, Yoshida K, Sugino T et al. Telomerase activity in 
human gynecological malignancies. J Clin Pathol 1997; 50: 
501-504.

83.	 Toshima S, Arai T, Yasuda Y et al Cytological diagnosis and 
telomerase activity of cells in effusions of body cavities. On-
col Rep 1999; 6: 199-203.

study on environmental malignant mesothelioma. Cases from 
Turkish villages. Pathol Oncol Res 2002; 8: 188-193.

55.	 Veda J, Iwata T, Takahashi M. Comparison of three cytologic 
preparation methods and immunocytochemistry to distinguish 
adenocarcinoma cells from reactive mesothelial cells in serous 
effusion. Diagn Cytopathol 2006; 34: 6-10.

56.	 Reid-Nickolson M, Iyengar P, Hummer AJ, Linkov I, Asher 
M, Soslow RA. Immunophenotypic diversity of endometrial 
adenocarcinomas: implications for differential diagnosis. Mod 
Pathol 2006; 19: 1091-1100.

57.	 McCluggage WG, Sumathi VP, McBride HA, Patterson A. A 
panel of immunohistochemical stains, including carcinoem-
bryonic antigen, vimentin and estrogen receptor, aids the dis-
tinction between primary endometrial and endocervical adeno-
carcinomas. Int J Gynecol Pathol 2002; 21: 11-15.

58.	 Castrillon DH, Lee KR, Nucci MR. Distinction between endo-
metrial and endocervical adenocarcinoma: an immunohisto-
chemical study. Int J Gynecol Pathol 2002; 21: 4-10.

59.	 Tarenbeek R, Logendijk JH, Van Diest PJ, Bril H, van de Mo-
lengraft FJ, Meijer CJ. Value of a panel of antibodies to iden-
tify the primary origin of adenocarcinomas presenting as blad-
der carcinoma. Histopathology 1998; 32: 20-27.

60.	 Logendijk JH, Mullink H, Van Diest PJ, Meijer GA, Meier CJ. 
Tracing the origin of adenocarcinomas with unknown primary 
using immunohistochemistry: differential diagnosis between 
colonic and ovarian carcinomas as primary sites. Hum Pathol 
1998; 29: 491-497.

61.	 Dejmek A, Hjerpe A. Reactivity of six antibodies in effu-
sions of mesothelioma, adenocarcinoma and mesotheliosis: 
stepwise logistic regression analysis. Cytopathology 2000; 
11: 8-17.

62.	 Queiroz C, Barral-Netto M, Bacchi CE. Characterizing sub-
populations of neoplastic cells in serous effusions: the role of 
immunocytochemistry. Acta Cytol 2001; 45: 18-22.

63.	 Nap M. Immunohistochemistry of CA 125. Unusual expres-
sion in normal tissues, distribution in the human fetus and 
questions around its application in diagnostic pathology. Int J 
Biol Markers 1998; 13: 210-215.

64.	 Hecht JL, Punkus JL, Pinkus GS. Monoclonal antibody MOC-
31 reactivity as a marker for adenocarcinoma in cytologic pop-
ulations. Cancer 2006; 108: 56-59.

65.	 Morgan RL, De Young BR, McGaughy VR, Niemann TH. 
MOC-31 aids in the differentiation between adenocarcino-
ma and reactive mesothelial cells. Cancer 1999; 87: 390-394.

66.	 Davidson B. Malignant effusions: from diagnosis to biology. 
Diagn Cytopathol 2004; 31: 246-253.

67.	 Akahira JI, Yoshikawa H, Shimuzu Y et al. Prognostic factors 
of stage IV epithelial ovarian cancers: a multicenter retrospec-
tive study. Gynecol Oncol 2001; 81: 398-403.

68.	 Nguyen GK. Cytopathology of pleural mesotheliomas. Am J 


