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THE DIAGNOSTIC VALUE OF FLOW CYTOMETRIC
DNA ANALYSIS IN BLADDER CANCER

—COMPARISON WITH CONVENTIONAL CYTOLOGY—

Toshihiro Kawasaki

From the Department of Urology, Osaka Medical School

The aim of this research was to assess the clinical value of flow cytometry (FCM) compared
with conventional cytology in the detection and diagnosis of bladder cancer. The practical appli-
cation of FCM combined with cytology was also investigated.

Seventy patients with bladder cancer and 50 without neoplastic disease of the urinary tract
were studied. The exfoliated cells used for FCM-DNA analysis and cytology by the Papanicolaou
technique were obtained from voided urine and subsequent bladder irrigation specimens.

The false negative rates for urine cytology, irrigation cytology, urine FCM, and irrigation
FCM were 36%, 38%, 14% and 13%, respectively. Corresponding false positive rates were 2%, 0%,
14%, and 18%. When the above-mentioned examinations were paired, the combination of urine
cytology and urine FCM appeared to be the most acceptable way to secure a correct diagnosis.
Using this combination, the false negative and false positive rates were 4%, and 16%), respectively.
When three or four examinations were combined, the false negative fate could not be improved

despite the fact that the false positive rate worsened.

It is noteworthy that FCM-DNA analysis

seems to be less reliable in patients who have inflammatory diseases of the urinary tract or a his-

tory of intravesical chemotherapy.

(Acta Urol. Jpn. 37: 1481-1489, 1991)
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¥\ TRERDH T Papanicolaou Fefa i 1T\,
class I+ II % negative, class III % suspicious,
class IV -V % positive L¥|ELLP. FCM &
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L, BROGEEERE 6 R LIPS TReo 5 CHBEE o
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(FBRIET) AV CHEARO% DNA 5% 1T -
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(aneuploid peak) MBEETBHE, HHLITHLH,
¢ tetraploid cell population % 7R3 peak (tetra-
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Table 1. BEWEEBEEOER (n=70)

M 39m~8832 (Fiy66.85%)
HR BH60E, HHEI0E

WEORBLEN : RYUE EHM (%)
G1 11 (16)
G2 37 (53)
G3 22 (31)

70 (100)
4 1 4 EH (%)
pTis 2 ( 3)
pT1LTF 41 (60)
pT2 8 (11)
pT3 8 (11)
pTa 1¢(1)
pT ~ 10 (14)

70 (100)

*
REBEOFR : REKERAE EHE (%)

24 (34)
22 (32)
24 (34)

70 (100)

+ H+ 1

% (-): RLET WBCH 0~48/F
(*): WBC%¥ 5~9@./F
(+): WBCH 108~ /F

Table 2. HBEZOEE (n=50)

ER18R~T4R (FHTTR)
"5 BH32E, XH184

EEONR : REBEE 34% (68 %)
MIMEXE 68 (12%)

.- > 43 48 ( 8%)

FEmy** 58 (10%)

(1] ¢ 14 ( 2%)

508 (100%)

*
RSBLOFRE : REWRFAR EFH (%)

30 (60)
4 (8)
+ 16 (32)

I+

50 (100)

* (-) . BRIXET WBCH¥ 0~4@/F
(x) WBC¥ 5~9@.F
(+) WBCH 108~ F

¥k BHRCBMOLOALZLLO

hyperdiploid cell o553 % & & 10~15% DB A,
B B\ L aneuploid peak #3388 b3 hyperdiploid
cell DEDHEIEH 10 B LA DA% suspicious,
aneuploid peak »iF8¥ i3 hyperdiploid cell ®
DB EED 10 BT OBA% negative LY|BL

7e®,
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Rz, EERtOE SRz,
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& 2BERGFALLES, SREAHALLESD
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o0 false negative rate $ X (' false positive rate
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1. BWED R 7Y —=v 77 A+ E LTI BRERT

®RAVISEA

B REIEE R 70610 D18 B RN, BRI ik
W2, R FCM B X OBENG®RER FCM oxrh %
hop#i% Table 3 iR Lic. KM Tix54% (38
#) % positive, 10% (76I) A% suspicious, 36%
(2561) #»° false negative TH - fc. BEDEUE S
2L TI1x56% (3961 A positive, 6% (4B 75 sus-
picious, 38% (27#) 7% false negative TH - 7.
R FCM Tix64% (45%1) %> positive, 19% (1361)
A% suspicious, 17% (12¢) »° false negative TH
ote. BEBEEENHE FCM T1363% (444) 53 positive,
21% (1561) »> suspicious, 16% (116) »% false
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negative ThH - 7.

Table 4 (X3 MEEE 50 Bl O CORBETHD. R
Milaz, BMibswAilaz, R FCM ¥ X UEhtst
H# FCM o false positive rate ¥, ThFh 2%
C1B1), 0% CoBl), 16% (8HD ¥} XT'18% (9
#) ThHot.

2. BWEDOA 7 ) —=vr/T AL ELT2HRERD

ALESESE

B REIEE RET0 e D\ IR MIfaRs & Ik R
ZERDA LB A OMR A Table 5 wiRLA. R
fifaz Tk Table 5-A OfEWHOMICTR LA LS,
38fA»% positive, 7 filpS suspicious, 25(i7 false
negative ¢, Table 3 T/R L3 DERUTHS.
¥, Bt CRTRICRLE L 5Kk, 39
{#IH+ positive, 4 % suspicious, 27{»* false nega-
tive T, “hi{ Table 3 wRLAHDLERAUTH
. HROMNCTTEOPIRAR Lich, RilgZs &
O BNt H M2 & bic positive THoTeb Dk
3161, \Thos—H A positive TH » 7= D150,
Wi &b suspicious THofebDir 24, WEE D
negative TH -7 Dik 216, —FH 4 negative T
fli5 A% suspicious TH DM 1FITHok. 4

Table 3. BEMEEH (n=70) k% 1 WAL DA 2 Y —

ENT o )%

Y-z positive suspicious false negative total
PRIANRES 54 (38)* w0en 36 (25) 100 (70)
BBt R RRES 56 (39) 6(4) 38 (27) 100 (70)
R FCM 64 (45) 19 (13) 1712 100 (70)
B FCM 63 (44) 21 (15) 16 (11) 100 (70)

* % (B0

Table 4. #fBE (n=50) LT % 1 RELFTDORAZ Y —=v

75 A+ DR
AY-zv4524 negative suspicious fake positive total
IR U 2D 2 10000
T 2kl A 100 (50) 0(0) 0(0) 100 (50)
R FCM 44 (22) 40 (20) 16 (8) 100 (50)
BB A& FCM 44 (22) 38(19) 18(9) 100 (50)

* o6 (BB
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Table 5. BWEEE (n=70) k5 RMEEL L
Btk A LA 7 ) —=

115 19914

¢, 69% (48%1) »5 positive, 1% (1%l) 2% suspi-
cious, 30%1 (21%) #»° false negative TH -7z, kL

77 A+ OB TREC LT, 28826 LIBADEhEhOR
S-A Hia Table 6 L. RMifa2 &R FCM X off

3 T A B2 JBTit, 89% (62%) #* positive, 7% ( 561) A% suspi-

N . = o cious, 4% (3 »% false negative TH-7z. R

MR L EpCE W FCM & o BE T, 86% (60

R + 31 2 5 38 %) A5 positive, 11% (8%I) 7 suspicious, 3%
® (20 7% false negative Th o7, ERLEEEHIHT
B A B Ja LR FCM & OBEATIL, 83% (58f1) A% posi-

3

- ¢ | 0o {21% 25

tive, 13% (9 ) ' suspicious, 4% (3 @) 2% false
negative Th -t BMOEHRMIGE & BENEEHIK

total 3 4 21 70 FCM t offfiTix, 86% (608i) »° positive, 10%
(7 Bi) A5 suspicious, 4% (3%i) % false negative
Dposiﬁve ,: faise negative ycb 7. E%ﬁﬁ#‘;ﬁ FCM &R FCM & Dﬂf‘}ﬁf

5-8B

positive suspicious false negative total

1387% (614)) H* positive, 7 % (5 fl) A% suspicious,

6% (4) » false negative TH - fz.
SBESOGICOWT, 2BELXHALILEEDO TR

Fhol#fis Table 7 /R L7z, false positive

69(48)* 1(1) 30(21) 100 (70) rate 0iﬁmﬁ@%\k%%(5f@?&ﬂ@% 3 @gf}iﬁ Tt 2
*9y (BI) % (16]), RMIEEZ &R FCM L OBt TIX16% (8

BB T, BWEOAZ ) —=v/FALELT
2REXHATHHAOHELIEL LT, Table 5-A
DEFTEE RIS % positive, RO TH I
Fo ¥ % false negative, DD ES% suspicious
Elik. $hobb, WAL L positive DD, »
Fha—Hn positive By, HBH\THHE L B suspi-
cious M} D% positive, 2HKAE L negative D 3
D% false negative, —JFA% suspicious THliFFHs
negative D3 D% suspicious + L7z, T DO¥ER
s &, RMlu2 L BN EEMIa S 2 0L
B a, BMEBF OB Table 5-B R3¢k

7)), Rl LBk FCM L oftATi322%
Q16), B ERMERE IR FCM & oftf Tk
16% (861), BBt SHMINE & BEMk%IK FCM
L oftATIX18% (96), BEMK%EK FCM &
FCM ¥ 0BtRTI346% (238D Th 1.
3. BEOA 7Y —=v /T AL LT IRELH
BL-B4
BEBEEE B T0BIC DT S REX O LB SO,
##% Table 8 WiRLi:. 2BEHBOBATELT
SHRELXHALLEAOHREELYRELL. Thb
B, 1BELLEM positive DL D3 X2 BELE
A% suspicious @ 4 D% positive, 1 A HS suspicious

Table 6. BEMWEER (n=70) Tk 5 2H8EHHADA IV —=2 v /72 FORE

AROY-—=ZTFRH positive suspicious false negative total
RN + Rt PR 69 u)” 1D 30 (21 100 (70>
73]t + R FCM 89 (62) 705 4(3) 100 (70>
2310 + MLt FCM 86 (60) 118 3¢ 100 (T0)
BB AN + R FCM 83 (58) 13(9) 4(3) 100 (70)
Bisk P MRS + Btk R FCM 86 (60) 0N 4(3) 100 (70)
BMERHFCM  + R FCM 87 (61) 7(5 6(4) 100 (70)

* % (B
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Table 7. %R (n=50) =312 2 MANHEOA 7 Y — =
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VT A DR

ZR9Y—=UF R

negative suspicious false positive total
R + BBt RMmARE 96 (48)* 2(1n 2(1) 100 (50)
FRIARRE2 + R FCM 44 (2D 40 (20) 16( 8 100 (50)
Riapi + Bt ik R FCM 44 (22) 34 (11 22 (1) 100 (50)
BB PR + R FCM 44 (22) 40 (20) 16( 8) 100 (50)
EBESE R HRMRRZ + MM A FCM 44 (22) 38(19) 18(9) 100 (50)
BMERHEFCM + R FCM 24 (12) 30 (15) 46 (23) 100 (50)

* % (B

Table 8. BEMIEBERE (n=70) k3% 3BREMADA2Z V —=v 772 L ORE

AoV —z=vTFR b

positive suspicious false negative total

RERE  + BMEREERE  26H° 403 A 100 (70)
+ R FCM

RERE + BMRaRRE 89 (62) 8(6) 3(2) 100 (70)
+ Btk A FCM

RHiMREE  + R FCM 98 (68) 1N Tn 100 (70)
+ Btk FCM

FERBESE S AHANRRS + B FCM 96 (67) 3CD 1TCn 100 (70)

+ BBt st FCM
* 9% (BIBD
Table 9. ##T (n=50) KB 2 3HREHADOA 2 V) —=v 77 A F DR

AP2Y—ZsUFRb negative suspicious false positive total

RHME ¢ BMURAERE 44D 420D 16 ( 8) 100 (50)
+ R FCM

RARRREE + BEMiEPAAMRARRS 44 (22) 34 (17) 22 (11) 100 (50)
+  BEbtisPE FCM

RENEEZ  + R FCM 24 (12) 30 (15) 46 (23) 100 (50)
+ BBtk FCM

BEME R A MBAAES + BR FCM 24 (12) 30 (15) 46 (23) 100 (50)

+ BB A FCM
* 9% (BIBO

TfllD 2 |REAS negative D § D% suspicious, 3RE
L % negative ™% D% false negative L HFE L7,
T DHIEEIEPE 20, RAIIaZ, BRIk ez
LUK FCM 0 3 BEL O LB A, 92% (64
B) 73 positive T, suspicious 35 L 0" false negative
Behxtha% (34D THo7e. Rk LT, KM

R, BtGERMiags X O ENEEK FCM o
SHRER A LIHEITIL, 89% (6261) »% positive,
8% (66)) A suspicious, 3% (24 2 false
negative THh ~7c. RMifZ, & FCM ¥ X OVl
PEHHR FOM o 3 &2 6HA LIcB A1, 98% (68
Bi) 7% positive T, suspicious 35X U8 false nega-
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Table 10. MDA 27 ) —= v 75 A I ® False Negative Rate . False Positive Rate

rERE e}

BB e AR o

kR FCM O

BptEPAF CM (o]

False Negative Rate(X%) 36 38 17 16

False Positive Rate(X) 2 0 16 18

30 4 3 4 4 6 4 3 11 1
2 16 22 16 18 46

16 22 46 46 46

tive EhZh 1% (140) Thote. BEMIEHRM
g2, R FCM ¥ LOEENESE FCM o 3 k%
PR LB AL, 96% (676)) »% positive T, 3
% (2 B1) »° suspicious, 1% (1) »% false nega-
tive TH o7z,

Table 9 (X SIBEESOBIIZ DT, S BRER B Lic
BAEOBEER LI DTHS. false positive rate
CoOWTALE, Kila, WBERtdkanms, K
FCM o 3 REGIAOHAWILI6 (861), RHf
%, Btsksias, BEMRESKR FCM o 3 K%
RO A2y Q141), Rk, R FCM,
BEMEEE R FCM o 3 REN A BE & BsES T
ik, R FCM, BRI FCM o 3 REGHHAO
BAEIVTh46% Q36D Tholk.

4. BWEDOAZ7 Y —= v /T AN E LT ERYT

RTHNSEE

BiC Ui 4 » THIE L, BRESR
BT 5 4 BER I LB EDORMKIL, 98% (6861)
75 positive G, suspicious 3 X0 false negative
BEhEh 1% (16D THote. HWBBETIR, 24%
(1261) »° negative, 30% (156]) »% suspicious, 46
% (253%) #° false positive TH - f-.

5. U Eog# 3T7hobbRMilae, Btk
Z, R FCM ¥ L UMK FCM 0 4 &0 5
bIRELTEACIESE, 2REALHH LS
A 3SHEAXHALILER, 4RETXTEAVES
BT, BREDOAZ ) —=v/FALELTD
false negative rate 33 X O false positive rate % %
LT Table 10 iR L1z,

% 7

IRep s X OBEREBE ik eh o IR oW T, Ml
# L Flow cytometric analysis #17\s, 2h b 4%
BOBRERM L BT HZ L LT, BMEDR 7

Y—=2vZ7TAPELTEDX S Il AEerBIR LR
FTH B DOWTER L.

T DR, Btk LTREAVIHE L EMESK
YAVCIEE L TR EORBCHEEZZRD bhieh
sk, FCM 3fifaz X v § false positive rate
HEm <, false negative rate pMEHs -7 (Table 3,
4). Tiebb, BWEDR 7YV —=v7/FRAMELT
SERE L4 BED 5 b 1REXEGTRTS & Th
VE, BRI DO B S Ts R % B\, false negative rate
DfEV FCM %175 OrRIBEYUTHH EEL DR
7.

W, BWROAZ Y —=vI7/FALELT2RE
#HATAH AR, REKORME & Bt
faZ O 4 2% false positive rate (Z{EVAH false
negative rate ZFH, A7V —=vI7FALELT
HEY TRV EEbhi. Chicxt LT, RFCM &
BEDELEI IR FCM il &t false negative rate
IZ{EV A5 false positive rate 23EL, ZhH A7 Y
—= VI TAPELTRBLTWIRWEBbhi. #
T, false negative rate %{£<{, false positive
rate ELSTHledil, Mtz s FCM LA
HELDORIVEELZ LIRS, TOMEARIZ4TED
BB, false negative rate oWTit, Thb4
Y OEAROMERELRD LRl BRK
L A2V —=v /AN L LTRBREOEEYRAL
T AHBEANLCDT, 200RELHHAT S
ATRMEZ LR FCM 0 84 ¢ b, BEREsE R
M2 & BEMESIE FCM o 880 nwThhk
Wbz Linie s, false positive rate HME\EHF
by, REERS AL RKiilE2 L R FCM o
BEDOHHERTHS LEL b, ZOHBARIT,
false negative rate {3 4%, false positive rate
16%THYH, | DORERGRNETTHHETED &
WEEx bR FCM DR & TS false ne-
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gative rate DB HAHTIEL .

BEWEDA ) —=v /T AL E LT 3REEIUL
4BREXBVCICEAR, 2HREFAORKE T
false negative rate 1XZ & A ET b b, BE
Bofine & bz false positive rate 2UEML, #&
BEROEHECEFNIMEYZEETHE, A2
—=2VITAPELTSHRELERXHHALCLDED
BRIV D & Bbhi:

—ig DWRBRI I o\ T, BRSO
ELTHBIREZ®E L LIcRIRZ S L UO4RC LS
EDEBE G Btk & Licfifaz in — F viciThh T
W5, BEER&BE L LICB A DR, BRI
HECHFRENTHHZ &, LHRBEDO A7 Y —=
VITAPELTHFIPETERZ LAHT OB,
M2 OBMEREED B icdiciy, EEER & v R
BB A B ToZ D 3B E W B EER AN O
BHLHREIR BT, WTFhc LT HIRZ O/
BEL LT, BPHcEiaET52 L, Bikoust
CHERRE A E L, ~Ertkoktrtiedsc
LHREETH D &, high grade JeBEMIETIXBH:
BNEWD low grade 70JE Tl false negative rate
BELIBY SEEnbFbhTwva.

—7, FCM & X % iBtMaD % DNA 4,
BRECIEFEIZS ORI OWTRIET S & £ T
&, TOHBIMMEL L ENTEBHINOERNTD
BLENFIETHD LT3 ¥i, Mgz
TREM L2 ERCHET A Z LAEETHD
2, ToXik il owvwTd DNA 1 R E
LT\ 37, FCM TR HIZEHNEETH 5. Klein
Bk, EEScBENETH D EHHR SN 123
Pla s & UicBbtee o FCM BREZT, pa-
pillary carcinoma ©88%, flat carcinoma D98%
PEMARETH o T L HE L T\ 5%, Devonec b
i, RSN BEMEL 389 bR s0flicoun T,
ke vk 2 FAV~ 7o FCM #2E o B & [RAIfaz o
Bk L LB L, FCM Tik86% it L ¥ S hic
DI LAIIEE Ciio T It 44 % 1B TH > e &
HLTwB, Ff, Murphy Bi, 91F|OEENRE
BELvBLRERESE © FCM RE L fiflaz
DBEZERZ, ThFERBY, 15%THH, MEx
PERThIERHIERS95% ¥ TR EIRH T ENTES
LT B2,

LlkD X 5z, BMEORBIRRET & UMK
FCM BRENEATH 5 2 & # RTHEEIL VN,
FCM #B&Eix I\ T % low grade tumor ixf LT
BrERAMEZ DTSR E LTI hTwb. Th

RN OEN JIAES H7s 5 EE Tt DNA aneu-
ploidy s 15 & L BEL LD THS. E7
BEEPNILSTRBLTWAEASR, BIERETHRER
SHRBBMECEY 2/ LT, HEOKRMASEERHE
P X > THBEI I T v BBE1 b false negative
LI BTEEMEAS DY b, BREFEEMIEL
e BER 75 & D SAEMREBERR IE B O BBk S EE
RrdERe %< & Eh TV 5881i%, DNA histo-
gram pattern CT{XERSGMIC X % aneuploid peak
PR &3z false negative LHEINBEESD
BB ELMBED—DER > T\ 5. FREREM
TR, BRCAThR BN O BRI AREC X
> C, RFTOEEMEORIE IF S h s & Rk,
BEEOFKB i b denudation (#4k) < degenera-
tion (ZEM) 2RI h, FCM &ZE1C X 5 HEH
false negative & 7c5 Z L hiE % Hh 51219,
SEOBE T b, BNESEREHEV - FCM T,
JBEDEEER B & 706 116U false negative TH -
25, 20550746 (64%) TREEDLKIEMMa
Bodbhic. [k, R FCM Th 70 fid 12 G
false negative ThHH, ZD5HD 76 (58%) LR
BREFAEHL Tk RMRRZ, BEMtvtEwma
2, R FCM B XUBNEEK FCM D\WThotk
e\ Td false negative 7R LIRS 1 Flb
IRy, T OEMISURDBM T, BRCEREEN
[EB g (TUR-B) %%, i\ CHEAIC X 5B
MEREARE Y ST OB REANTH - 1. MHE
B BENERESYZ T O, BER lam LUTFo0
R OAFRAENBE L BEMHIRTICER Liclc®
BETUR-BRT L. REZHNL grade 2, stage
Tl OBITEEE Th-1o. T OEFTIRRUETSL
IEHRIRE S ERRS bR, ¥, 70605 3 BT,
SEIOKRR CTEMEDOAZ ) —=v /T A ELTR
bEYiEAR L EL DRI RMIaZ & IR FCM %
BERHLTS, \WTFhi false negative Thote. &
D5HD 1 FNIEHR LICEEBITH 525, D 2 B0 >
H | UL TR L D FIREESIT, EREK 3 cm DOFIH
RIBEMENES » ERBE w FEL, HEZHL grade
2, stage T2 BT EEETH Y, Kb B oRiE
MRREAED bt DD 1 B39k EM T, 2@
HOB/H% &1 LIGEAIT, BEc TUR-B % L O»°
RF Ry T hFh 2 BT S hCunieh, 2o
EA IR AEERMRERD bR T, DX )
2, BRI RIEERIRAS S HEA LTV BEN, »
BB REATBFE TUR-B @in 2 < EEMAE
AR LB R OAERE A ZF T EFI T, R FCM
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7T FCM T false negative /R34
BB BT, FCM ORI« R 5 BRI R
O VRBEOBRBECEE T HLEND .

FMC WE DD false positive &7xBEHA D
B DWW TS Lic Murphy Ho#idic i, 28
BIDIEBBEHEEDBEH, & 15 & A o BT TR D
FCM ®RE&ET, 4GIOFIIRER, BASRIEREMN R
Bl 2 AIDBEMN K, 2 FIORBIERIEDT 85 (28.6
%) %, false positive /R LIz & NTVWBRD. &
D 8 Flix 3T hyperdiploid cell DE|& 2B
HEECAHK L T dic B LHEIhcb DTS
- T, BbAlg aneuploid peak 7338 B b DIk
fehsoto ks, Fih, Klein b xf%EE 10041
DT, AFORBREBELTC VB, DO X5K
hyperdiploid cell population D X - T false
positive & HE M FR & LTk, REBERYSE R
BER, THRREO@MEEELSICL Y, BT LEM
fad turn over AT L, DNA &S h s 4%
AHfE (tetraploid cell), H4 Erk X O HFEF O
BIEMEEF M Lic s EARE 2 b 51219 [iROE
FaMEZ TR TS Y, BRcER,
FELRVCHE TS, BK FRESR RESA
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