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Prognostic Significance of Flow Cytometric Nuclear DNA Quantification
in Ovarian Tumors

Chong Seung Lee, M.D., Young Tae Kim, M.D., Jae Wook Kim, M.D.,
Ki Hyun Park, M.D., Sung Hoon Kim, M.D.
Department of Obstetrics and Gynecology, Yonsei University College of Medicine, Seoul, Korea

Objective : The aim of this study was to investigate the relationship of DNA ploidy, SPF to other
surgicopathologic factors including stage, grade and CA-125 in ovarian cancer and to evaluate the association
between CA-125, DNA ploidy, SPF and 2-year survival in ovarian cancer.

Methods : The study was prospective, which included 56 patients with ovarian tumors who were treated
at the Department of Obstetrics and Gynecology, Yonsei University College of Medicine from Feb. 2000 to
Jan. 2003. There were 7 benign tumors, 9 borderline tumors and 40 malignant tumors. All patients underwent
surgical operation for fresh tissue. All specimens for histopathologic grading and stage were classified
according to WHO criteria and FIGO stage. DNA ploidy groups were divided into two groups, diploidy
and aneuploidy. DNA ploidy and S-phase fraction (SPF) were analyzed by flow cytometry in fresh
surgicalspecimens from primary ovarian tumor. CA-125 was measured at diagnosis and after 6th courses of
chemotherapy.

Results : Of the Benign tumors, 85.7% were diploidy, 14.3% were aneuploidy. Of the borderline
tumors, 88.9% were diploidy, 11.1% were aneuploidy, 60.0% of malignant tumors were diploidy, 40.0% were
aneuploidy. In relation between grade and DNA quantification, grade was not significantly associated with
DNA ploidy (p=0.07), SPF (p=0.08). In the relationship of stage to DNA quantification, aneuploidy was
associated with advanced stage (p=0.2), mean value of SPF was significantly high in advanced stage (stage
III+IV) (p=0.04). In the DNA ploidy and SPF, mean value of SPF was 5.5+4.6% in diploidy and 13.6+
12.8% in aneuploidy. The difference was significant (p=0.03). The serum CA-125 level after six courses was
divided into two groups with a CA-125<35 U/mL and a CA-125>35 U/mL, aneuploidy and mean value of
SPF were increased significantly in CA-125>35 U/mL (p=0.05, 0.04). In 2-year survival, CA-125>35 U/mL,
aneuploidy and SPF>10% were poor prognostic parameters.

Conclusion : CA-125 is an important prognostic factor in ovarian cancer. Our results were consistent
with the concept that aneuploidy or high percentage of SPF could predict the poor prognosis of disease course.
The flow cytometric DNA quantification in ovarian cancer may provide major information about tumor
prognosis.
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Fig. 1. DNA histograms analysed by flow-cytometry.
A: Diploidy, DI=0.96-1.04.
B: Aneuploidy, DI<0.96, >1.04.

4. CA-125

W4 CA-125 7he A8 BAet 63e) nzgolate
U A9 F A2 S5, kel Cans gt Wl
WAEAY S Bl AFHT AANSE 35 UL of
3= o]-?&E]-. 639 RzFststan A T 243
CA-125 1€ 35 UmLE 7|02 CA-125 ol 35 U/
mL ol4el 23} olalel Fow EREA

A7 E-ALE two sample t-test, chi-square test®} ANOVA
(analysis of variance) testS ©]-&-3 EAA N, &
A HA1& SPSS (version 11.0)S o] &3 th AZIA L
Kaplan-Meier methodZ ©]-8-3}t}. p value<0.0591 73

Zz o
5699 GAZYd T 79 A dAZEL 999 A
AA ok, 40 9] oA Al A9 oulAd FYF
o] v &2 A FAFSY AAA dAYME 47
143%, 11.1%°] g3t oy ot dAagd s g

40%7} oula=4d FFol At (Table 1).

Table 1. DNA ploidy of 56 benign, borderline and malignant
ovarian tumors

Type Aneuploidy (%) Total No.
Benign 1 143 7
Borderline 1 11.1 9
Malignant 16 40.0 40

40e] 9] o dag SRS A S oA
AA Ao AH L 194164 724 B H 1L median age
= 46MSAth 2A e FAA (serous type)o] 60% =
AY 2o, R Lo A= grade 30] 60.0%$ 1, 700
Ae 24 17]% 718 A 27| W7 (early stage), 1N
719 V715 3 Z " B 7] (advanced stage)Z H5F
39S o, AP HI7L 60% o)A ARt F
Fool SAME 2 em o] F o] 30%0] AT
(Table 2).

Table 2. Clinical characteristics in malignant ovarian cancer

No. %
Age (years)
Median 46
Range 19-72
Histopathology
Serous 24 60
Mucinous 7 175
Endometrioid 1 2.5
Clear cell 1 2.5
Undifferenciated 7 175
Grade
1 5 125
2 11 215
3 24 60.0
Stage
Early (I+II) 15 37.5
Advanced (III+IV) 25 62.5
Residium
<2 cm 28 70.0
>2 cm 12 30.0
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Table 3. Correlation between clinical prognostic factors and DNA
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Fig. 2. SPF according to DNA ploidy (p=0.03).

ploidy
Diploidy Aneuploidy
p value
N (%) N (%)
Grade
1 4 75.0 1 25.0 0.07
2 7 63.6 4 364
3 11 458 13 542
Stage
Early (I+II) 9 60.0 6 40.0 0.2
Advanced (IIT+IV) 10 40.0 15 60.0
CA-125 (U/mL)
<35 17 65.4 9 34.6 0.05
>35 3 214 11 78.6

o}m !
Q
_Bi
[o
HU
:'é’

t} (p=0.04). 6544 HzFgsstay Ay F
CA-125 Zko] 35 UmLETH & FollA A7) &
= Jelgoen ols S48z {34t (p=0.04,
Table 4).
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Table 4. Correlation between clinical prognostic factors and

SPF
SPF (%) p value
Grade
1 2.6 (£22) 0.08
2 6.5 (£5.7)
3 9.1 (£7.7)
Stage
Early ( I+II) 9.7 (£6.4) 0.04
Advanced (III+IV) 172 (£6.6)
CA-125 (U/mL)
<35 6.9 (£5.4) 0.04
>35 13.8 (£9.9)

ATt 7] £89 dadAdME vl F
oA 7] Bgol f9A3 w7 vekgtTh (p=0.03,
Fig. 2).

+ Group A: CA125<35 UfmL
+ Group B: CA125>35 UimL
Survival
1.0
0.8 Group A
0.6
. Group B
0.4
0.2
0
2 24 mo
Duration

Fig. 3. Kaplan-Meier survival curve according to CA-125
after 6" course postoperative adjuvant chemotherapy

(0=0.06).
Survival
1.0
| Diploidy
08 :
Aneuploidy
0.6
0.4
0.2
0
2 24 mo
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Fig. 4. Kaplan-Meier survival curve according to DNA ploidy
(0=0.03).
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Survival
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Fig. 5. Kaplan-Meier survival curve according to SPF
(p=0.04).

[
Il

A B3] o3k, 2001 o4 10th & Fol 3t
ol @A7EA] HQgke YojHe FoT

B ol 1o © @
QL
T
o
£
=9

HN
)
N
bl

oF o
jint2
o
fru
ne
03
)
o
fru
ok
N
i)
oxl
=
™,
o

surgery)?] OJU|2 £& AldEH, £& F H2EYE
stawo] 5ol AlPEo] e gloy A3 A=
7b BER Al 2 He A3

of it
¥ [o
tlo fu
Y o
o
o
T s
of\

to

_c|){_|‘

Sag dF dxe Az
&2 s, oY dFdz delxl
A3 2aw, g CALS
o] QLM o7l o) QA Eo] FelA:
[e]

P
S i
o Hu
do e
Y

),
o
T
o

olN o dlo o B N,

S|
=
£
=
<
s
3
=
Z

o ofr )

A3 Aol ML A3E 5 s
olehs A7t nusigh old o2 ¥
Ao Al U BFF A7 A

o FolA 53l HAZEAL
ol 2us 3 e, FATEAL Aoz

A
el
o e Aol tIFetA Hlem FEAE] T4
w
OO

°|F

ol

9

S g B Be o AEARE AT &
AL FFAQl BAo] shgstn ARzH oy kA
k| of JEF7]e] whE DNA A FEA 2

i) 21 ggapl B4+ 9o a8 o
Fote] ATEd ofabr mulsA Fgo] olusA F
ool W& R §7t o Ea E o B 94
A7 HolE AoR BuHw it B AFeNE

TG 7 F 17, AR DA% 94 F 14
g TEoIRe, ot tAY 409 FellAd 16
o7} vlelgAd FFZ Tl 40%0] AFeHer Bu
H AHEF Z AolE RolA stk EF oMY da
o FAAME oA FFl Hlsl HuFA FEAA
Eateet Wk FAgE A0 e 2d A& E
& EFYch

Strang T2 FF] WA F437] EE&TS] Al
A olupA] ol A HlujeA Fdel HlE ] B
Fol vtk Bug vl gloH, {47 BE& SAHTS
A 22 WU WFAAAE A TEE AL
(subclassification) & <= Qlobw Rud w} ub® B o
FAXNE Huj5g FdlA olugg Foll Hlal 7
471 g0l TAANLRE st A dEtEth
T PV E& FHL TG

<N =

= A

AES Rpe AAtE F o 4UT oz, o
3L

=
iul
=l of
32
=

25 (aggressiveness)©| Z7}3tckal H
Friedlander 5-& dAgtol Al ojuA] F4Fo vlal vlu

A 2goA e FA47) BES Bty dga”

& 83 AFAARE B 42

O~
= T .
CA-1257} datolA APAx, g0 digh W
o Zag)
3 Al & =g CA-125 &

£
o)
tote
Lo,
s
BN
o

i
ot
ko
i

Fe Aoln 5T 4 9.

A Gagolx FAZEANE 43 DNA
WS A4 A4S BAE R B
A7sel glott olse HiRel A9 deka %



- DNA fAHZE

Hedley 52 et 14x4& o
Batga,” Schutte S-& v}e}¥
ol A o] Al 84 5

o rx Ix
N o
N, o

@

¥4 A3t sdsiva
O F e ¥ 228 o] 4% o
At} 22} Stephenson 5-& u}a}# FEuj
71 DNA histogram®] A (quality)2 ANAZA ] IR
2ok 702 Big v 91,” Jacobsen S} Deitch 5-&
vt Fojz s o]-8-3 7§ diploid peak®] o] Al
7b A WehdA = A, aneuploid peakdfl A=y A A
A o3 2 EREeA vehdn, deb Hste
7b AdzAd wa ol A fvty Hustde
Volm F-& 37¢]¢] gt #hate] AldxAs o &3 f
AZ EANS 53 DNA AFAAE Alg3 v 9w
Nyvang G 41¢]9] dagt Exbe] AHZRAE 74
CA-125, 22814 23l 9 DNA index9| ZFA
ZARSE v} I o] 3% 44e] ATAEL AYstut:
ARAzAE o] &4 o A9 Eud vt §ick 2y
2 dFelAe v dure d75 2 560 BT
oM AXZAE A3

£ AFelA AEE tE
HlaLA 27 gkt o] A
= 2 o7t As
2 DNA Hi5Ae 27
AEEC] Aozt gtk

oA &, B A7l

2 O

L e wm-

(R

2

R

FABH 7|30l 207
AdzAd og ATt
1t} Owainati 5o]1} Hedley

o] % 297 3d7t A
2@ Yo o) =

A5 59 AEET

o
2
it} Ow. S
Py
ol F&
B

LY
w

tlo % 2 X
N 2 > > ﬂ-ﬁ m[o
1N r
(Ijll oty

ol
rr
E—‘/

- Fued -

—

. Holschneider CH, Berek JS. Ovarian cancer: epidemiology, biology, and

prognostic factors. Semin Surg Oncol 2000; 19(1): 3-10.

Lavin PT, Knapp RC, Malkiasian G, Whitney CW, Berek JC, Bast RC

Jr. CA-125 for the monitoring of ovarian carcinoma during primary

therapy. Obstet Gynecol 1984; 69: 223-7.

. Rustin GIS, Nelstrop AE, Tuxen MK, Lambert HE. Defining progression
of ovarian carcinoma during follow-up according to CA-125: a North
Thames Ovary Group Study. Ann Oncol 1996; 7: 361.

. Zanaboni F, Vergadoro F, Presti M, Gallotti P, Lombardi F, Bolis G.
Tumor antigen CA-125 as a marker of ovarian epithelial carcinoma.
Gynecol Oncol 1987, 28: 61-7.

. Berek JS, Knapp RC, Malkasian GD. CA-125 serum levels correlated
with second-look operations among ovarian cancer patients. Obstet
Gynecol 1986; 7: 685-9.

. Van der Burg ME, Lammes FB, van Putten W, Stoter G. Ovarian cancer:
the prognostic value of the serum half-life of CA-125 during induction
chemotherapy. Gynecol Oncol 1988; 30: 307-12.

. Rosen A, Sevelda P, Klein M, Beck A. A CA-125 score as a prognostic

N

w

N

w

=)

-

Al
X

el o

=5}

o

1

(=]

1

—_

1

[ 5]

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

2

3

26.

217.

28.

29.

30.

3

—

©
[}

- 1105 -

index in patients with ovarian cancer. Arch Gynecol Obstet 1990; 247:
1259.

. Mogensen O. Prognostic value of CA-125 in advanced ovarian cancer.

Gynecol Oncol 1992; 44: 207-12.
Barlogie B, Drewinko B, Schumann J. Cellular DNA content as a marker
of neoplasia in man. Am J Med 1980; 69: 195-203.

. Merkel DE, Dressler LG, McGuire WL. Flow cytometry, cellular DNA

content, andprognosis in human malignancy. J Clin Oncol 1987; 5: 1690-
703.

. Garcia RL, Gown AM. Analysis of proliferative grade using anti PCNA/

cyclin monoclonal antibodies in formalin fixed, paraffin embedded tissues,
comparison with flow cytometric analysis. Am J Pathol 1989; 134: 733-9.

. Dierendonck JH, Wijsman JH, Keijzer R, Velde CJH, Cornrlsse CJ. Cell

cycle related staining patterns of anti-proliferating cell nuclear antigen
monoclonal antibodies. Am J Pathol 1991; 138: 1165-72.

Dervan PA, Magee HM, Camey DN. Proliferating cell nuclear antigen
counits in formalin-fixed paraffin-embeded tissues correlate with Ki-67 in
fresh tissue. Am J Clin Pathol 1992; 97: 21-8.

Huettner PC, Weinberg DS, Lage JM. Assessment of proliferative activity
in ovarian neoplasms by flow and static cytometry. Am J Pathol 1992;
141: 699-706.

Yu CCW, Woods AL, Levison DA. The assessment of cellular
proliferation by immunochemistry; a review of currently available
methods and there applications. Histochemical J 1992; 24: 121-31.
Volm M, Kleine W, Pfleiderer A. Flow-cytometric prognostic factors for
the survival of patients with ovarian carcinoma: A S-year follow-up study.
Gynecol Oncol 1989; 35: 84-9.

Friedlander ML, Heldey DW, Swanson C. Prediction of long-term
survivals by flow cytometric analysis of cellular DNA content in patients
with advanced ovarian cancer. J Clin Oncol 1988; 6: 282-90.

Rice LW, Mark SD, Berkowitz RS, Goff BA, Lage JM. Clinicopathologic
variables, operative characteristics, and DNA ploidy in predicting outcome
in ovarian epitheilial carcinoma. Obstet Gynecol 1995; 86: 379-85.
Meyer JS, Gorsell DJ, Yim S. Cell proliferation in ovarian carcinoma:
superior accuracy of S-phase fraction(SPF) by DNA labeling index versus
flow cytometric SPF, lack of independent prognostic power for SPF and
DNA ploidy, and limited effect of SPF on tumor growth rate. Gynecol
Oncol 2001; 81: 466-76.

Serov F, Scully RE, Solbin LE. Histologic typing of ovarian tumors.
In: International Classification of Tumors. Geneva: World Health
Organization, 1973.

Vielh P. Flowcytometry. Igaku-shoin medical publishers, Inc 1991; 21-51.
Rose NR, Marcrio ECD, Fahey JL, Frendman H, Penn GM. Manual of
Clinical Laboratory Immunology, 5n ed, ASM 1997; 255-61.
HARAY (FFY FSLRY. FREY IS ddnun,
2003

Omura GA, Brady MF, Homesley HD, Yordan E, Major FJ, Buchsbaum
HIJ, et al. Long-term follow-up and prognostic factor analysis in advanced
ovarian carcinoma: the Gynecologic Oncology Group experience. J Clin
Oncol 1991; 9(7): 1138-50.

. Baak JP, Chan KK, Stolk JG, Kenemans P. Prognostic factors in

borderline and invasive ovarian tumors of the common epithelial type.
Pathol Res Pract 1987; 182(6): 755-74.

Barlogie B, Raber MN, Schumann J. Flow cytometry in clinical cancer
research. Cancer Res 1983; 43: 3982-9.

Friedlander ML, Hedley DW, Taylor IW, Russel P, Coates AS, Tatersall
MHN. Influence of cellular DNA content on survival in advanced ovarian
cancer. Cancer Res 1984; 44: 397-400.

Rutgers DH, Wils IS, Schaap AHP, van Lindert ACM. DNA flow
cytometry, histological grade, stage, and age as prognostic factors in
human epithelial ovarian carcinomas. Path Res Pract 1987; 182: 207-13.
Strang P, Stendahl U, Sorbe B. Polyclonal cervical tumors detected by
flow cytometry. Anticancer Res 1986; 6: 171-6.

Hansson J, Tribukalt B, Lewensohn R, Ringborg U. Flow cytofluo-
rometric analyses of metastases of human malignant melanomas. Anal
Quant Cytol 1982; 4: 99-104.

. Meyer JS, Coplin MD. Thymidine labeling index, flow cytometric S-

phase measurement, and DNA index in human tumors: comparisons and
correlations. Am J Clin Pathol 1988; 89: 586-95.

. Merkel DE, McGuire WL. Ploidy, proliferative activity and prognosis:



o) ekarR 3] 2] #4778 A6E 2004

3

35.

3

4.

[y

=N

DNA flow cytometry of solid tumors. Cancer 1990; 65: 1194-205.

Hedley DW, Friedlander ML, Taylor IW, Rugg CA, Musgrove EA. 37.

Method for analysis of cellular DNA content to paraffin embeded

pathological material using flow cytometyry. J Histochem Cytochem 38.

1983; 31: 1333-6.

Schutte B, Reyners MM, Bosman FT. Flow cytometric determination of

DNA ploidy level in nuclei isolated from paraffin embedded tissue. 39.
Cytometry 1985; 6: 26-30.

Stephenson RA, Gay H, Fair WR, Melamed MR. Effect of section

thickness on quality of flow cytometric DNA content determinations in 40.

paraffin-embeded tissue. Cytometry 1986; 7: 41-4.

. Jacobsen AB, Fossa SD, Thorud E. DNA flow cytometric values in

bladder carcinoma biopsies obtained from fresh and paraffin-embeded

_|li_|
Mo
P
Bl
1}

ol o X4
Jor i

N ﬂgig

i

Y

rlo

g

Er

2

o

2

i g .
[\o)
(L
o
rp
ftfo r-

= =

2, ox
w N
A
£ g 2 F o i
i -
=z
~ o
L
ol
=
T >
QL
‘

5
=z
4o
_Q,
FL

Br o
1:10

B [0
o, [ F_>i
™, ot

5 1o
OHU

H

FXL _u

'l'1
orl

OEF] CA-125% 6 5]4
44 (aneuploidy) %

m

[o
_Uo
r—{u:

i

: 005 240081 2003 197140 e sk hpelshom ol dEe whE
8 AYsiarh P deF o] 7, A1 dagiol oo, oy dael
A BAERE AR AR ARE 3 HEGRAA LTS AP

)

A

material. APMIS 1988; 96: 25-9.

Deitch AD, White RDV, Madewell BR. False DNA aneuploidy in canine
and human neoplasms. Anticancer Res 1993; 13: 2117-8.

Nyvang GB, Mogensen O, Bichel P, Jakobsen A. Combined prognostic
importance of CA-125, histopathologic grade and DNA index in advanced
ovarian cancer. Eur J Gynecol Oncol 2000; 6: 392.

Owainati AAR, Robins RA, Hinton C, Ellis 10, Dowle CS, Ferry B, et
al. Tumor aneuploidy, prognostic parameters and survival in primary
breast cancer. Brit J Cancer 987; 55: 449-54.

Hedley DW, Friedlander ML, Taylor IW. Application of DNA flow
cytometry to paraffin-embedded archival material for the study of
aneuploidy and its clinical significance. Cytometry 1985; 6(4): 327-33.

2 e g3o] 9loja] DNA 54, 34 7] H-& (S-phase fraction)
7] (stage), ®3}= (grade), CA-1259}2] TAE FA}SIaL, CA-125, DNA w54 2 &
ZAFste] AU CA-1257t3 DNA visA 2 §H47] 89 45d84E ‘é%%‘ﬂ

2

s
29}o

ﬂ@mﬂ* A F ST, DNA WA e Sl diploidy) £
391, DNA HH_)I:/H 9 A7) B _rg %)}o };ﬂ7]ﬁ;§o SE A]zﬂa e

A7le B ole 54% FAZEA (fow cytometry)& o 83 LA 34T
A3k : o W 79 F 1olvh el EF (43901, AAY Wagt oo F 1el7h vuj5A

oo o2 ofN

% (IL1%)OILEF. o4 W2} 40] ol 16017h B34 £ (0%)0| ATk £31=2F DNA F7iALe]
RO 2 W, 230} 271842 BAH0R folad GAR Huly TU §47] B8l 2]
29 % 91T} (p0.07, 0.08). 719 DNA Bk 2IAte] ARBANA 2 0, 7] 22t 1719} D)2 94 %)

7] (early stage), 1719} V712 34 A FH 371 (advanced stage) 2 -5 3493, $AH 02 folaha o}
A WO WY Eel RS & 4 9ot (=02, £3 AL U104 47 $go] FARoR
Fola7 7 ekt (=004 W53} F47] £8) JRBANNE B5H FFAN F47) P&l

8l 7l LT (p=0.03). CA-1259 DNA At

ABBA A, CA-125F 35 UmLE 7|F0 8 F

TOoB TEEAT 639 H2eAeT Y Al F e CA-125 gho] 35 UmLHTE 2 FojlA] vlul54 &
ool Bokal, F47] B&ol HA UEen ol FAXSE RSttt (p=0.05, 0.04). 21d AEE %OW
CA-125>35 UmL, v]u]$=A 29 a8l1 T4 7] 28>10%004 AESo] B3-S By

AE : CA-125= %i%%ﬂ*i m%j o A AL

S
WA 0l A7) B8l 58 7L REYE AR ok DenE Vo2 AE
AN FALEHYLS B DNA DLAAE Aol ey 2 T2 $8E 2HSE AL oI FE o

sl ol 0% 48 AZH £ A0w AR dt

Z4/EO] : DNA frAZEA, w4, F47] &8, CA-125

- 1106 -

oln] &ki7) ApAolth. $-2lo] Aol o3 u]
1





