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Diagnostic Value of Flow Cytometric DNA Analysis in the
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The specificity of cytologic examination in effusions is high but the sensitivity is
low. Therefore, various ancillary methods for the detection of malignant cells in effu-
sions have been proposed. The presence of an aneuploid cell population is gener-
ally considered diagnostic of malignancy.

The purpose of this study is to determine whether the routine use of flow cyto-
metry adds to standard cytologic evaluation in effusions.

We did flow cytometric DNA analysis in 76 effusions(28 malignant and 48 benign
fluids). All the 48 benign effusions were diploid. There were 12(42.9%) aneuploid and
16(67.1%) diploid malignant effusions. Based on these results flow cytometric DNA
analysis had a sensitivity of 42.9% and a specificity of 100%.

These results suggest that flow cytometric DNA analysis may be a useful adjunct
to conventional cytology, but its principal limitation is its relatively low sensitivity.
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Fig. 1. DNA diploid histogram
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Fig. 2. DNA aneuploid histogram

Fig. 3. Malignant pleural effusion from a pulmonary
adenocarcinomalPapanicolaoy, X 400).
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Fig. 4. Peritoneal effusion in cirrhosis. Many reactive
mesothelial cells and inflammatory cells are noted
(Papanicolaou, X 400).
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Table 1. Origin of malignant effusions and results
of flow cytometry

No. of cases of

Origin No. of cases .
g ot ca DNA aneuploidy(%)
Lung 12 5(41.7)
Gall bladder 1 00 )
Stomach 10 5(50)
Rectum 2 1(50)
Ovary 3 1(33.3)
Total 28 12(42.9)
No: number
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Table 2. Final diagnosis and results of flow cy-
tometry

Flow cytometry

Final diagnosis
Aneuploidy{positive) Diploidy(negative)

Malignant 12 16
Benign 0 48

2. SMESA ZA

AADE 7694 2F THEY 73 DNA
histogram& VYo Hg HolAFE 451+
1.240] %)t}

DNA histograme Jones 599 73} ol
aneuploidy?] 7%= %A (positive) 2.2, diploidy
3l A= S(negative) 0.2 R3YTH A
Hog “opy oz Zdkd 289 F 129)(42.9%)
ollA] aneuploidy7} #2E|o] OO]:)HOE TEEHA
o 9SAHEL 57.1%°)ch AL o
E 44 HNEs ddyart HQ} 73%“11 5+
7} 50% 2 7+ =SkTHTable 1).

HZTH o2 “YF'er AdE 49 BF
DNA diploidyolo} 25 G408 FRHL
g Fd &L 0%ol3dT)

FAEE 23 DNA &F =He A%
W AEde] dAAEE gl Qloja wl
L 429%, Eo]AL 100%°) 2 tHTable 2).

o

AN el Az AAE oA
Aushs F88 PPl AR Fe
S ogg&e RIST YD, o)y o
FE A, YA 2PV G4 P
AzE FESHE Ao WEW U 2
O DI ES EERERETERRE

o N o... o rE m{o

A7 A

A2 3, 1996

E3te APl ¥7] PEolth =4, FAE
o] 7} H& A AYAE F dFAEY
A FHAE S g3 #HAF S+ U

Eolth. AlA, MEZFEzEe] HA7E A )
H(fluid medium)oll Al EE FAE 7] o)
o wEbA ARAEA] dPJNTE DDl
Ao Kot A@Foln witAo] e ol
8789,

2 n]34H<d DNA §HFe] A9 %74
2 o) &5z Ueu™ AHEo DNA FFe %
TH o2 &u|E 3= (microspectrophotometry) °ﬂ
o8] A= goul? Zegds FAHEEY
I 3R] g ZHo] H#s =g
10,11)

FATEAS o3 DNA T =AH3} Ax
3 ZAb A3E HaEANF BRud mE2d
FALEN ) 23 DNA §F ZHo] A=Yy
9] #& RENA GAHATE ARAHUA 1
Ju AFHoZ HEFSHE 5o Ydoxn I
]:]_]2-19).

a8y hEEe] Badi 99 o)
TG 2 ¥ 0~79%7H2] Thaksts
‘:}12-19,23). % ﬁ——ﬁ-Oﬂk]—‘;—_‘- ‘4 o ,\q%o] 57. 1%
71&e Rae] wis) vim3E A $FHA
o]2{g o] AA, DNA histogram-g 3} 43}
© 71F0] R me bgZ27] wEog. &
oA o] TR o)4e] Eal® Go/Gl
A3 48 JHos B AANE 719%
o o)gXE8S H1EYT G2M phase 2Fo]
2.5% olAolAY diploid GO/G1 T 2] o
HolA AL 5& A 7o TEAT R
ToME B AFRT Yo og4gs By
SATH?. 28U gole) GaM phase EYPo R
A F4E& FESe A FHFH)
ol Boh AT 4d BARVIEe] P
oF i *gzrﬂﬂ} A, dEAxE FHe
3¢ A5 L& O uEUEA Az g3
8| Eo] FAHZEA A diploidy Hel2 e}

Jo o



oA & : AFAEA] FAZEA Y oY DNA FF FH9 784

g & JdoE Holth AAZ FAZEN A
diploidy FEi7} AIZE APEBAA FHA L
£ Mo R &3 3FEA aneuploidy
Pel2 B2 oo Bart Yok AR, &
MNEEN A G FFe GFE-L diploidy$]
Add 1YY FUe HYLE T RudA o
AFul-g9] diploidy® #28 AU, o]
& A7EA ol f 2 AFAENY FAZEA
9|3 DNA &% 474 diploidy?! <7} &3
F Jonz FAXEM 9% DNA 3F &
Aol S s AN FHL
Aoty AT HT AR FUAE
Hg 83l DNA 8 £4A] DNA aneuplo-
udy WE7t F7lEgdeE Bk YAdEd®
olgfzo] 22 AHEE Y F & Wy )
wro] 712 Yasitty AZHE

B Aol FAEE 2§ DNA
#gF AAZE AF4A 47t §lo] 100%2] Bo
g AYD JAEY ol V&9 Hid B
gEE 2RI gy 35% FE9)
L gUNEL RIF =EE YT
o el AHAom AAFERY FAHEEHY
2|3t DNA % &Ho| dPHNEE AAF
A =g Hu Aol Wol g
T Ag3loe Ale] ASS G
B A7e AEFH AASG AELES o
Az sty AAZ HEFHoE “9A”
“FgTo s AGH doA FAZEA <
3 DNA 3% =49 #84S dvugt. 1
v AEA HAadntes Hgd ¢
vl =27 A9 A=z AAY &
A, FAEEA 2] DNA &F S3Y 44
o2 FAH o7t ANEE olE d9 dEE
o] W zAY RAPAE AdHoE FIEHI
o1 ok A HEEH HA G5 A
TRt fAZEM o3 DNA I=F F4
HPA AdHME AAGo] eIty B
Atk =3 FAXEA ) 2% DNA ¥F

4

Mmoo 2

B

O

M koo

AL YRk FAa HARE AT F )
o dagEo]l Y= FAEY B4 A&
AL s FAZEEAMA o3 DNA
228 AN Rotmensch 57 diploidy?! <l
7} aneuploidyql ARt} o &7} Qi 3
gk webd AW AEde FAEEH)
9% DNA ¥%F 2He e wztyg "o
Agte] @& ALgsrle s} AxE
A ¥gA B g2 HARE d& 4
282 AZAAEAY Fge FHE wgk A
Aeta Az E.

4 B

FAZRA) 23 DNA F Ao A%
AEde JHAHME g Zgo] HeEXE
Qolr 14+ EHch.

Agoistn W sy ol=d A%
W AEd F Axsz gaet dEde A=
& o]&3 CK, CEA, EMA, fibronectin®|
AzAgetx AAEZ HF Add 769
de2 sQth MEEH L2747 H
1etd AAS Fetd HEFHoR 9
oF Avky ALE 289, ‘Yoz A
7S£ 489 oY)

HzHoz “otyg o ZTtyE 284 F 129)
(42.9%)N A aneuploidy7} TEEo] o] 2A&
57.1%°10ch. HFHoE “FH"oR T
48¢) 2F)A diploidy7} #EH o] A&
0%°1Act. FHZEA ) 2|3 DNA &F =
< A7y AE49 GBAEE JDFe U
oA AL 429%, HolFL 100%l T}

ool Aoz AANEHe FAEZEH
o 9J% DNA & &Ho] dAATE AAF
of glo] =& HuU v A wEge &
EALE AMEE7)E Aldo] QS-S YT

J
}

A
)

i oox 48 Mt S oz
N
)



10.

11.

12.

W gA 2 233 X

&

A

Mo
ot

. Creasman W, Rutledge F: The prognostic value of

peritoneal cytology in gynecologic malignant
disease. Am J Obstet Gynecol 110:773-781, 1971

. Keettel W, Pixley E, Buchsbaum H: Experience

with peritoneal cytology in the management of
gynecologic malignancies. Am J Obstet Gynecol
120:174-182, 1974

. Morrow CP, Bundy B, Kurman R, et al: Relation-

ship between surgical-pathological risk factors and
outcome in clinical stage I and II carcinoma of
the endometrium: A Gynecologic Oncology Group
Study. Gynecol Oncol 40:55-65, 1991

. Dewald G, Dines DE, Weiland LH, Gordon H:

Usefulness of chromosome analysis in the diag-
nosis of malignant pleural effusions. N Engl J
Med 295:1494-1500, 1976

. Singh G, Dekker A, Ladoulis CT: Tissue culture

of cells in serous effusions: Evaluation as an
adjunct to cytology. Acta Cytol 22:487-489, 1978

. Whiteside TL, Dekker A: Diagnostic significance

of carcinoembryonic antigen levels in serous
effusions: Correlation with cytology. Acta Cytol
23:443-448, 1979

. Barlogie B: Abnormal cellular DNA content as a

marker of neoplasia. Eur J Cancer Clin Oncol
20:1123-1125, 1984

. Barlogie N, Drewinko D, Schumann J, et al: Cel-

lular DNA content as a marker of neoplasia in
man. Am J Med 69:195-203, 1980

. Frankfurt OS, Slocum HK, Rustum YM, et al:

Flow cytometric analysis of DNA aneuploidy in
primary and metastatic solid
Cytometry 5:71-80, 1984

Coon JS, Landay AL, Weinstein RS: Biology of
disease: Advances in flow cytometry for diagno-
stic pathology. Lab Invest 57:453-479, 1987

Koss LG, Czerniak B, Herz F, Wersto RP: Flow
cytometric measurement of DNA and other cell
compdnents in human tumors: A critical appraisal.
Hum Pathol 20:528-548, 1989

Stonesifer KJ, Xiang J, Wilkinson E, Benson NA,
Braylan RC: Flow cytometric analysis and cy-
topathology of body cavity fluids. Acta Cytol 31:
125-130, 1987

human tumors.

A7

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25 —

A 23, 1996

Schneller J, Eppich E, Greenebaum E, et al: Flow
cytometry and Feulgen cytophotometry in evaula-
tion of effusions. Cancer 59:1307-1313, 1987
Sinton EB, Carver RK, Morgan DL, et al: Prospe-
ctive study of - concurrent ploidy analysis and
routine cytopathology in body cavity fluids. Arch
Pathol Lab Med 114:188-194, 1990

Rijken A, Dekker A, Taylor S, Hoffman P, Blank
M, Krause JR: Diagnostic value of DNA analysis
in effusions by flow cytometry and image analy-
sis: A prospective study on 102 patients as com-
pared with cytgdgic examination. Am J Clin
Pathol 95:6-12, 1991

Jones MA, Hitchcox S, D’Ascanio P, Papillo J, Ta-
rraza HM: Flow cytometric DNA analysis versus
cytology in the evaluation of peritoneal fluids.
Gynecol Oncol 43:226-232, 1991

Rotmensch J, Atcher BW, Schwartz JL, Grdina DJ:
Analysis of ascites from patients with ovarian
carcinoma by cell flow cytometry. Gynecol Oncol
44:10-12, 1992

Huang MS, Tsai MS, Hwang JJ, Wang TH: Com-
parison of nucleolar organizer regions and DNA
flow cytometry in the evaluation of pleural
effusion. Thorax 49:1152-1156, 1994

Kehoe S, Ward K, Luesley D, Chan KK: The ap-
plication of flow cytometric DNA analysis in
detecting the presence of malignant cells in
ovarian carcinoma peritoneal fluids. Br J Obstet
Gynecol 102:656-659, 1995

Vindeldv LL, Christensen IJ, Nissen NI: A deter-
gent-trypsin method for the preparation of nuclei
for flow cytometric DNA analysis. Cytometry
3:323-327, 1983

Lee JS, Nam JH, Lee MC, Park CS, Juhng SW:
Immunohistochemical panel for distinction carcino-
ma cells and reactive mesothelial cells in serous
effusions. Acta Cytol 40:631-636, 1996

Friedlander ML, Hedley DW, Taylor IW, Russell
P, Coates AS, Tattersall MHN: Influence of cellu-
lar DNA content on survival in advanced ovarian
cancer. Cancer Res 44:397-400, 1984

Evans D, Thomthwaite J, Ng AB*P, Surgarbaker
E: DNA flow cytometry of pleural -effusions:
Comparison with pathology for the diagnosis of
malignancy. Analy Quant Cytol 5:19-27, 1982
Barlogie B, Raber MN, Schumann J, et al: Flow



25.

o]2 4l & : AF4FEYe FAXEY 2T DNA FF ZHo 84

cytometry in clinical cancer research. Cancer Res
43:3982-3997, 1983

Wright GL, Alexander JP, Konchuba AM, Schell-
hammer PF, Schlossberg SM: Flow cytometric
DNA analysis after immunoselection of bladder
tumor cells with monoclonal antibody DU 83.21.
Cancer 66:1242-1252, 1990

26. Weissman GS, KcKinley MJ, Budman DR, et al:

27.

Flow cytometry: A new technique in diagnosis of
malignant ascites. J Clin Gastroenterol 9:599-602,
1987

Zarbo R: Flow cytometric DNA analysis of effu-
sions: A new test seeking validation. Am J Clin
Pathol 95:2-4, 1991



