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Abstract

Background: In cytologic evaluation of body cavity effusions, the morphologic changes exhibited by 
reactive mesothelial cells often confound the diagnosis. This study investigates the role of DNA flow 
cytometry (DNA FCM) and image morphometry (IM) in improving diagnostic accuracy. Methods: 
53 pleural and 47 ascitic fluid sampleswere evaluated cytologically. All were also subjected to 
flow cytometry to assess DNA ploidy. Image morphometry was used to measure nuclear diameter, 
nuclear perimeter and nuclear area. Results: On cytomorphology 79% cases were diagnosed as 
benign, 19% as malignant and 2% as suggestive of malignancy. DNA FCM showed aneuploidy in 
13 of 19 malignant cases and diploidy in 6 cases. The mean nuclear area of the benign group was 
60.14±39.91µm2 and that of malignant cases was 190.54±56.06 µm2. Using DNA FCM and IM, 
one of the two cases “suggestive of malignancy” was placed in the benign group and the other in 
the malignant group. Also, these modalities were able to pick up one case of malignancy that was 
diagnosed as benign on cytology. Conclusions: Cytomorphology remains the foremost diagnostic 
modality in detecting malignant cells in effusions. DNA flow cytometry and image morphometry 
hold a valuable complementary value.

Keywords: effusion, cytomorphology, DNA ploidy, image morphometry

Address for correspondence: Dr Bhumika Bisht, Department of Pathology, Government Medical College, Sector 32-A, Chandigarh-160030 INDIA. 
Email: rini_bisht@yahoo.com Phone: +91 9988852409

ORIGINAL ARTICLE

INTRODUCTION

Cytologic evaluation of body cavity fluids 
is routinely performed to detect malignancy. 
However, a definitive diagnosis cannot always 
be made on cytologic evaluation alone. The 
differentiation between hyperplastic mesothelial 
cells, neoplastic mesothelial cells and metastatic 
adenocarcinoma is often impossible due to their 
cytologic similarities.1 Effusion can be the first 
indication of a malignancy. In treated cancer 
patients or in patients undergoing treatment, 
effusion often represents the first manifestation of 
recurrent disease. Identification of malignant cells 
in effusion samples, therefore, becomes significant 
from the therapeutic as well as prognostic points 
of view. Apart from the misinterpretation of 
mesothelial cells as malignant cells, substantial 
false-negative rates exists for adenocarcinoma 
cells in effusion samples. Thus, there is a need 
for complementary methods to identify tumour 
cells within body cavity fluids.2 This study is 
an attempt to determine the value of two such 

techniques namely DNA flow cytometry (DNA 
FCM) and image morphometry (IM) for the 
diagnosis of malignant cells in fluids.

MATERIALS AND METHODS

The effusions of 100 patients, irrespective of 
their age, sex, site of disease and treatment 
modality were included in the study. Pyogenic 
effusions, fluids from cystic lesions and 
specimens containing blood clots were excluded 
from the study. The samples which were slightly 
haemorrhagic were processed as usual for 
cytology, IM and DNA FCM. All the specimens 
were received fresh, without anticoagulant or 
fixative, in the Cytopathology laboratory. The 
fluid samples were divided into two parts; one 
part was processed for making slides for cytology 
and IM, and the other part for DNA FCM.

Cytologic examination
Air dried smears were stained with May 
Grünwald Giemsa (MGG) and alcohol fixed 
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smears with hematoxylin and eosin (H&E) or 
Papanicolaou (Pap). Special cytochemical stains 
like mucicarmine were performed wherever 
required. The cytological examination was 
performed for identification and, wherever 
possible, subclassification of tumour.

Flow cytometric analysis (FCM)
The specimen was run on multiparameter four 
colour flow cytometer (FACSCalibur: Becton, 
Dickinson & Co.; San Jose, CA). CycleTESTTM 
PLUS DNA reagent kit was used to treat the 
cell pellet. The analysis was performed using 
CellQuest Pro software based on forward scatter 
and side scatter. To analyse the list mode data 
and calculate the DNA index, software program 
(ModFit LT Verity Software House, Inc.; 
Topsham, ME), was used. The ploidy peaks, 
fraction of cells in respective phases of the 
cell cycle and the coefficient of variation for 
aneuploid cases were noted. 

Image morphometry (IM)
Image-Pro® Plus version 6.1 designed to run 
under the Microsoft® Windows 2000 or XP 
Professional operating system was used. For 
each case, MGG stained smears that contained 
well dispersed cell population were selected. 
Photomicrographs of the areas of interest were 
taken using DP20-DRV Version, Olympus 
Corporation at 40X magnification. These areas 
included fields with good cellularity, showing 
well dispersed cells or cell clusters with 
discernible cell morphology. Nuclear diameter, 
nuclear perimeter, and nuclear area of 100 cells in 
each case were measured. The data thus collected 
was transferred to Microsoft excel sheet.                  

RESULTS

The age of patients ranged from 14 to 89 years, 
with mean age of 48.76±17.43 years. There were 
a total of 49 males and 51 females.  The male 
to female ratio was 1:1.08. The 100 samples 
examined included 53 pleural fluids and 47 
ascitic fluids. 

Cytologic examination
On cytologic examination, the cases were 
categorised as benign, malignant and suggestive 
of malignancy. Seventy-nine cases (45 pleural 
and 34 ascitic) were diagnosed as benign, 19 
cases (8 pleural and 11 ascitic) as malignant and 
2 cases (ascitic) were suggestive of malignancy. 
The sensitivity and specificity of cytomorphology 
were 95.04% and 98.75%, respectively.

 In the present study, the amount of effusion 
fluid or the amount of tumour cells in the 
effusions did not make any difference to the 
tumour cell positivity and the results. However, 
the exact quantification of the tumour cell burden 
was not done.

Flow cytometric analysis (FCM)
All 100 effusion samples were run on flow 
cytometer to assess DNA ploidy.  Eighty-six 
cases showed diploid DNA histograms and 14 
cases showed aneuploid DNA histograms. 
 Out of 79 benign cases on cytological 
examination, 78 (98.75%) were diploid and 1 
(1.25%) was aneuploid. The one aneuploid case 
in the benign group was a 35-year-old male who 
was suspected to have hepatocellular carcinoma. 
The abdominal ultrasound of this patient showed 
large echogenic masses in both lobes of the liver 
and the serum alpha feto-protein was elevated 
(558 ng/ml). The morphometric values of this 
case were in the malignant range. Thus, both 
DNA FCM and IM strongly supported the 
clinical data suggesting malignancy. The patient 
succumbed to his illness before confirmatory 
investigations could be performed. 
 Amongst the 19 malignant cases diagnosed 
on cytology, 13 (65.0%) were aneuploid and 6 
(35.0%) were diploid. DNA indices of the benign 
cases had a mean of 1.01±0.1 whereas that of 
malignant cases was 1.52±0.6. The co-efficient 
of variation of all the DNA peaks in this study 
was less than 5%. The sensitivity and specificity 
of DNA FCM were derived as 68.0% and 99.0%, 
respectively.
 There were two cases diagnosed as suggestive 
of malignancy on cytology. One case showed 
aneuploidy on FCM and morphometric 
values in the malignant range. This 60-
year-old female patient was diagnosed with 
gallbladder adenocarcinoma on histopathological 
examination. The second case showed exuberant 
reactive mesothelial cell proliferation, leading to 
the misdiagnosis (Fig.1a). DNA FCM showed 
diploid peak and the morphometric values were in 
the benign range (Figs. 1b, 1c). Repeat sampling 
of ascitic fluid was benign on cytology, the same 
being supported by DNA FCM and IM. The final 
diagnosis in this case was rendered as benign 
and the patient is healthy till date. 

Image morphometry (IM)
Morphometry was performed on 100 cell nuclei 
in each of the 100 cases. The mean nuclear 
area, mean nuclear perimeter and mean nuclear 
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FIG.1c:  Zoomed-in image of selected mesothelial cell nuclei for morphometric analysis (MGG).

FIG.1a: Smear from ascitic fluid shows marked proliferation of reactive mesothelial cells. Few cells show bi- and 
multi-nucleation (arrows) (MGG, x200).
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FIG.1b: DNA FCM histogram shows diploid peak.
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diameter were evaluated (Table 1). Using 
regression analysis, out of the three variables, 
mean nuclear area (p = <0.001) was found to 
be the most accurate measure to contrast benign 
versus malignant cells.
 In the cytologically benign and diploid group 
comprising 78 cases, there were 14 cases with 
morphometric values out of the morphometric 
benign range, two of them actually falling 
in the morphometric malignant range. On 
reviewing, the two cases with malignant range 
on morphometry comprised reactive mesothelial 

cells with marked mesothelial cell proliferation 
on cytological examination. These two cases 
did not show any evidence of malignancy on 
follow-up.
 There were 6 cases in the cytologically 
malignant but FCM diploid group. The 
morphometric values of all these cases were in 
the malignant range. These included 4 cases of 
metastatic adenocarcinoma, one case of mixed 
germ cell tumour of the ovary and one case of 
anaplastic carcinoma (Figs. 2a, 2b). Three of the 
metastatic adenocarcinoma cases, i.e., 2 cases of 

TABLE 1: Morphometry of cytologically benign versus malignant effusions

Feature Benign (n=80) Malignant (n=20) Significance 

Mean nuclear area (µm2) 60.14±39.91 190.54±56.06 p = <0.001

Mean nuclear perimeter  (µm) 31.46 ±14.48 57.72±7.16 p = <0.05

Mean nuclear diameter (µm) 9.51±3.94 18.67±2.84 p = <0.05

FIG.2b: DNA FCM histogram shows a diploid peak
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FIG.2a: Smear from pleural fluid in a case of anaplastic carcinoma showing pleomorphic tumour cells in a 
hemorrhagic background (MGG x400).
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ovarian carcinoma and one case of gallbladder 
carcinoma, were on chemotherapy. 
 The cytologically malignant and FCM 
aneuploid group had 13 cases. Morphometric 
values were in malignant range in 12 cases. 
One case had morphometric values in the 
benign range. On reviewing the cytology slides 
of this case, the predominant malignant cell 
population comprised small-sized tumour cells 
with coarse chromatin and small 2-3 nucleoli in 
some (Fig.3a). DNA FCM showed 3 aneuploid 
peaks (Fig.3b). The small size of tumour cells 
could have resulted in a lower mean value on 
morphometry.
 Follow-up of all the 19 patients diagnosed 

as malignant on cytomorphology was available. 
Histopathology was available in 11 cases and 
is summarised as follows: 2 cases of papillary 
adenocarcinoma ovary, 2 cases of infiltrating 
duct carcinoma breast, one case each of mixed 
germ cell tumour of the ovary, metastatic 
adenocarcinoma to bilateral ovaries, uterine 
adenocarcinoma, adenocarcinoma gallbladder, 
signet cell adenocarcinoma of the rectum, 
adenocarcinoma lung and adenocarcinoma 
colon. One case showed adnexal mass on 
ultrasonography and had increased CA 125 
levels (1428 µg/ml). One case was diagnosed 
as adenocarcinoma lung on trans-bronchial 
needle aspirate. One case showed squamous cell 

FIG.3a: Smear from metastatic adenocarcinoma in ascitic fluid shows small clusters and singly scattered tumour 
cells with large, vesicular nuclei and vacuolated cytoplasm (MGG, x400).

FIG.3b: DNA FCM histogram showing tetraploid peak.
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carcinoma on bronchial brushings. Four patients 
with metastatic adenocarcinoma and one patient 
with anaplastic carcinoma, in whom primary sites 
of malignancy could not be determined, expired 
during hospital stay. 
 The sensitivity, specificity, diagnostic accuracy 
and positive and negative predictive values for 
the three diagnostic modalities are shown in 
Table 2. All these parameters had higher value 
for cytology when compared with DNA FCM 
or morphometry. In comparison to DNA FCM, 
the morphometric mean nuclear variables had 
higher sensitivity (97.72%, 94.25% and 97.67% 
for mean nuclear area, perimeter and diameter, 
respectively) than DNA FCM (sensitivity of 
68.0%). In contrast, the specificity of the same 
morphometric variables was considerably 
lower (8.33%, 7.69% and 7.14%, respectively) 
compared to DNA FCM (99.0%). Scatter plots of 
dispersion of nuclear areas around the mean value 
for benign and malignant cases, respectively, are 
shown. This indicates that though morphometry 
is superior to DNA FCM in identifying true 
positive cases, it lags behind in detecting true 
negative cases. 

DISCUSSION             

In the current study, cytomorphology of effusions 
gave the first indication of malignancy in 12 
out of 19 malignant cases. The sensitivity 
and specificity of cytomorphology alone was 
95.04% and 98.75% respectively. The sensitivity 
of cytomorphology in other studies has been 
reported to be in the range of 43%-81%.3-9

 DNA flow cytometry showed aneuploidy in 
14% cases. DNA histogram was interpreted as 
aneuploid if there was a distinct DNA aneuploid 
peak, i.e., any peak other than the G

1
 (2n) and 

G
2
M (4n) phase peaks, DNA index (DI) >1.0 and 

coefficient of variation of the peak(s) < 5%.
 There was one cytologically benign case with 
aneuploid DNA peak. It was false negative for 

malignancy on cytology and was later confirmed 
to be malignant. The malignant tumours with 
diploid DNA histograms in this study were 
three cases of ovarian carcinoma, one case 
each of gallbladder carcinoma, bilateral ovarian 
metastasis and anaplastic carcinoma. Two cases 
of ovarian carcinoma and one case of gallbladder 
carcinoma were receiving chemotherapy at the 
time of ascitic fluid evaluation. The effect of 
chemotherapy on DNA ploidy of tumours has 
been investigated in some solid tumours like 
gastric and colorectal carcinomas.10 DNAploidy 
pattern in gallbladder carcinoma examined 
by flow cytometry in a study, showed DNA 
aneuploidy in 46.3% cases and diploid pattern 
in 53.7% cases.11 The gallbladder carcinoma in 
this study also showed diploid pattern.
 Diploidy in malignant cases may be due 
to the primary tumour being diploid or minor 
chromosomal aberrations (1-3%) missed by 
DNA FCM.12  Also, a small aneuploid peak 
formed by a small number of malignant cells 
may be overshadowed by a large number of 
diploid reactive mesothelial cells. Considerable 
admixtures of benign mesothelial cells with 
scanty malignant cells may create a problem in 
getting a prominent aneuploid peak.13

 Benign cases with aneuploid DNA histograms 
and malignant cases with diploid DNA 
histograms have been reported by other studies 
as well.14-18

 It is noteworthy that 25% of all tumours are 
diploid.14 The diploid tumours are distinguished 
with difficulty from the non-tumourous diploid 
cells in the G

0
/G

1 
phase. The distinction 

depends on the number of malignant cells and 
the coefficient of variation of the peak. Some 
examples of known diploid tumours are breast 
cancer, lymphomas, certain lung tumours, 
most small blue-cell tumours and malignant 
mesotheliomas.19-21

 Conflicting reports exist in the literature 
about DNA FCM improving the sensitivity and 

TABLE 2: Measures of test quality of the three diagnostic modalities

Diagnostic test  Sensitivity	 Specificity	 PPV	 NPV	 Diagnostic	accuracy
Cytology  95.04% 98.75% 95.04% 98.75% 98%
DNA	FCM	  68% 99% 93.0% 93.0% 91%
Morphometry MNAa 97.72% 8.33% 88.65% 33.34% 87%

  MNPb 94.25% 7.69% 87.23% 16.67% 83%
  MNDc 97.67% 7.14% 84.65% 33.34% 85%
a-mean nuclear area (MNA); b- mean nuclear perimeter (MNP); c- mean nuclear diameter (MND)
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specificity of conventional cytology. One study 
concluded that when DNA FCM is combined 
with cytology to detect malignant cells in 
effusions, the sensitivity improved to 100% from 
83% but the specificity reduced to 94% from 
100%.2 Similarly, in another study, sensitivity 
increased from 57.1% to 71.4% but there was 
no improvement in specificity that remained at 
93.5%.22

 The mean values of the nuclear variables in 
the present study were comparable with other 
studies.23-26 The p value in this study for the mean 
nuclear variables was < 0.001 (highly significant) 
while it was <0.05 (significant) in a study by 
Scott et al.26 The sensitivity and specificity of 
mean nuclear area, mean nuclear perimeter and 
mean nuclear diameter were 97.72% and 8.33%, 
94.25% and 7.69% and 97.67% and 7.14%, 
respectively. In another study, the sensitivity 
and specificity of mean nuclear area were 16% 
and 100%, respectively, while the sensitivity of 
mean nuclear diameter was 14% and specificity 
was 100%.26 This result is in sharp contrast to 
our study, where the sensitivity was higher and 
specificity significantly lower. The explanation 
may lie in the fact that greater number of benign 
cases showed mean nuclear variable values out 
of the benign range in the present study. This 
indicates that image morphometry can detect 
true positive cases but its efficiency in detecting 
true negative cases is low. Also, morphometric 
analysis is prone to systematic and statistical 
errors.27

 Some problems were faced while using semi-
automated image morphometric analysis. There 
was nuclear overlapping in many malignant cell 
clusters making tracing difficult. Hypocellular 
smears required time-consuming scrutiny to 
locate cells of interest. In a few cases, debris 
and degenerated cells obscured the cells of 
interest. Though there are significant differences 
between morphometric variables in benign and 
malignant effusions, these are still insufficient 
to separate reliably benign and malignant cases 
in the overlap zones for each variable.  
 Several other ancillary techniques are 
employed to detect malignant cells in effusion 
fluids. These include immunocytochemistry, 
electron microscopy, polymerase chain 
reaction, Argyrophilicnucleolar organiser 
region (AgNOR), and fluorescent in situ 
hybridisation.13,28 Application of immune markers 
is aided by preparation of cell blocks. Cell blocks 
also provide higher cellular yield and better 
architectural patterns.29,30

Conclusion
The diagnostic accuracy of cytomorphology was 
highest (98%) followed by DNA FCM (91%), 
mean nuclear area (87%), mean nuclear diameter 
(85%) and mean nuclear perimeter (83%). DNA 
FCM and IM proved to be helpful in cases that 
were missed or had suspicious diagnosis on 
cytomorphology. However, it is ascertained that 
cytomorphology remains the foremost diagnostic 
modality, while DNA FCM and IM hold a 
complementary value only. 

REFERENCES

 1. Motherby H, Nadjari B, Friegel P, Kohaus J, Ramp 
U, Böcking A. Diagnostic accuracy of effusion 
cytology. Diagn Cytopathol. 1999; 20(6): 350–7.

 2. Stonesifer KJ, Xiang JH, Wilkinson EJ, Benson 
NA, Braylan RC. Flow cytometric analysis and 
cytopathology of body cavity fluids. Acta Cytol. 
1987; 31(2): 125-30.

 3. Jha R, Shrestha HG, Sayami G, Pradhan SB. Study 
of effusion cytology in patients with simultaneous 
malignancy and ascites. Kathmandu Univ Med J 
(KUMJ). 2006; 4(4): 483-7.

 4. Ceelen GH. The cytologic diagnosis of ascitic fluid. 
Acta Cytol. 1964; 8(3): 175-85.

 5. Lopez Cardozo P. A critical evaluation of 3,000 
cytologic analyses of pleural fluid, ascitic fluid and 
pericardial fluid. Acta Cytol. 1966; 10: 455-60.

 6. Martensson G, Pettersson K, Thiringer G. Differen-
tiation between malignant and non-malignant pleural 
effusion. Eur J Respir Dis. 1985; 67(5): 326-34.

 7. Spriggs AI, Boddington MM. Atlas of serous fluid 
cytopathology. A guide to the cells of pleural, peri-
cardial, peritoneal and hydrocele fluids. In: Gresham 
GA, editor. Current histopathology series, volume 
14. Dordrecht: Kluwer Academic Publishers; 1989. 
p. 1-10.

 8. Salerno F, Restelli B, Incerti P, et al. Utility of 
ascitic fluid analysis in patients with malignancy-
related ascites. Scand J Gastroenterol. 1990; 25(3): 
251-6.

 9. Pinto MM. CA-15.3 assay in effusions: comparison 
with carcinoembryonic antigen and CA-125 assay 
and cytologic diagnosis. Acta Cytol. 1996; 40(3): 
437-42.

 10. Kubota K, Kajiura N, Konishi T, et al. Effects of 
preoperative chemotherapy on DNA ploidy patterns, 
cell cycle, and histological findings in gastric and 
colonic cancer patients. J Surg Oncol. 1994; 57(4): 
222-9.

 11. Yamamoto M, Oda N, Tahara E. DNA ploidy pat-
terns in gallbladder adenocarcinoma. Jpn J Clin 
Oncol. 1990; 20(1): 83-6.

 12. Saha I, Dey P, Vhora H, Nijhawan R. Role of DNA 
flow cytometry and image cytometry on effusion 
fluid. Diagn Cytopathol. 2000; 22(2): 81-5.

 13. Mohanty SK, Dey P. Serous effusions: diagnosis of 
malignancy beyond cytomorphology. An analytic 
review. Postgrad Med J. 2003; 79(936): 569-74.



Malaysian J Pathol August 2014

90

 14. Rijken A, Dekker A, Taylor S, Hoffman P, Blank 
M, Krause JR. Diagnostic value of DNA analysis 
in effusions by flow cytometry and image analysis. 
A prospective study on 102 patients as compared 
with cytologic examination. Am J Clin Pathol. 1991; 
95(1): 6-12.

 15. Evans DA, Thornthwaite JT, Ng AB, Sugarbaker EV. 
DNA flow cytometry of pleural effusions. Compari-
son with pathology for the diagnosis of malignancy. 
Anal Quant Cytol. 1983; 5(1): 19–27.

 16. Unger KM, Raber M, Bedrossian CW, Stein DA, 
Barlogie B. Analysis of pleural effusions using 
automated flow cytometry. Cancer. 1983; 52(5): 
873-7.

 17. Hedley DW, Philips J, Rugg CA, Taylor IW. Mea-
surement of cellular DNA content as an adjunct to 
diagnostic cytology in malignant effusions. Eur J 
Cancer Clin Oncol. 1984; 20(6): 749-52.

 18. Katz RL, Johnson TS, Williamson KD. Comparison 
of cytologic and acridine- orange flow-cytometric 
detection of malignant cells in human body cavity 
fluids. Anal Quant Cytol Histol. 1985; 7(3): 227-35.

 19. Lazcano O, Chen LM, Tsai C, et al. Image analysis 
and flow cytometric DNA studies of benign and 
malignant body cavity fluids: reappraisal of the role 
of current methods in the differential diagnosis of 
reactive versus malignant conditions. Mod Pathol. 
2000; 13(7): 788–96.

 20. Esteban JM, Sheibani K. DNA ploidy analysis of 
pleural mesotheliomas: its usefulness for their dis-
tinction from lung adenocarcinomas. Mod Pathol. 
1992; 5(6): 626 –30.

 21. Dejmek A, Stromberg C, Wikstrom B, Hjerpe A. 
Prognostic importance of the DNA ploidy pattern in 
malignant mesothelioma of the pleura. Anal Quant 
Cytol Histol. 1992; 14(3): 217-21.

 22. Both CT, de Mattos AA, Neumann J, Reis MD. Flow 
cytometry in the diagnosis of peritoneal carcinoma-
tosis. Am J Gastroenterol. 2001; 96(5):1605-9.

 23. Elpek GO, Paksoy N, Saka O. Value of morphometry 
in distinguishing atypical reactive mesothelial and 
adenocarcinoma cells in pleural effusions. Diagn 
Cytopathol. 1999; 21(2): 148-50.

 24. da Silva VD, Prolla JC, Diehl AR, Baldo MF, Müller 
RL. Comparison of conventional microscopy and 
digitized imaging for diagnosis in serous effusions. 
Anal Quant Cytol Histol. 1997; 19(3): 202-6.

 25. Arora B, Setia S, Rekhi B. Role of computerized 
morphometric analysis in diagnosis of effusion 
specimens. Diagn Cytopathol. 2006; 34(10): 
670-5.

 26. Scott N, Sutton J, Gray C. Morphometric diagnosis 
of serous effusions: refinement of differences be-
tween benign and malignant cases by use of outlying 
values and larger sample size. J Clin Pathol. 1989; 
42(6): 607-12.

 27. Weibel ER, Kistler GS, Scherle WF. Practical 
stereological methods for morphometric cytology. 
J Cell Biol. 1966; 30(1): 23-38.

 28. Antonangelo L, Saldiva PH, AmaroJúnior E, 
Capelozzi VL. Utility of computerized morphometry 
combined with AgNOR staining in distinguishing 
benign from malignant pleural effusions. Anal Quant 
Cytol Histol. 1994; 16(4): 247-52.

 29. Shivakumarswamy U, Arakeri SU, Karigowdar MH, 
Yelikar B. Diagnostic utility of the cell block method 
versus the conventional smear study in pleural fluid 
cytology.  J Cytol. 2012; 29(1): 11–5.

 30. Sakamoto H, Takenaka M, Ushimaru K, Tanaka 
T. Use of liquid-based cytology (LBC) and cell 
blocks from cell remnants for cytologic, immuno-
histochemical, and immunocytochemical diagnosis 
of malignancy. OJPath. 2012; 2(3): 58-65.


