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Prognostic Implications of DNA Ploidy and S-phase Fraction
Comparing with Other Prognostic Factors in
Advanced Coloretal Adenocarcinomas
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Dukes” stage of colorectal carcinoma has proven to be the most reliable and conventional prog-
nostic indicator, followed by histological grade, lymph node metastases, tumor size, vascular and
neural invasion. Flow cytometric analysis of DN A ploidy and 5-phase fraction(SPF) was exam-
ined to elucidate the correlations between sex. age, preoperative serum carcinoembryonic anti-
gen(CEA) value, Dukes” stage, tumor site, size, gross features, histologic grade, and survival rate
in 117 paraffin-embedded tissues of 68 cases of colorectal adenocarcinoma in Dukes” stage B, C
and 39 cases of colerectal adenoma and 10 cases of normal colonic mucosa. DN A aneuploidy was
detected in 30 cases(44%) in adenocarcinomas and 6 cases (15%) in adenomas. Although the DNA
ploidy and SPF did not show any correlation with sex, age, preoperative serum CEA level, Dukes’
stage, tumor size, site and gross features, the incidence of DN A aneuploidy in the moderately
differentiated adenocarcinomas was significantly higher than that of the well differentiated
adenocarcinomas.(P=00127) A apparent correlation was found between survival rate and DN A
ploidy, Dukes’ stage, histologic grade and preoperative serum CEA value, Dukes” stage was the
most reliable prognostic indicator(P=00106), followed by histologic grade (F=00230), DN A
aneuploidy (P=00251) and preoperative serum CEA level (P=00369) In the patients with
Dukes’ stage C, DN A aneuploidy was more important than histologic grade as a prognostic indi-
cator. (P=0.0202) Although high SPF. greater than 21% in adenocarcinoma, was associated with
the lower 5-vear survival rate(l2.0%), it was not statistically significant. These results suggest
that DN A aneuploidy is regarded as biologic aggressiveness and considered as independent and/
or dependent prognostic indicator along with Dukes’ stage. However, prognostic utility of the
SPF was not significant. (Korean J Pathol 1995; 29: 170~ 180)
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Fig. 1. Eepresentative DN A ploidy patterns form 68 samples of colorectal adenocarcinomas. (A) Diploidy, (B)

Tetraploidy, (C) Aneuploidy.

e dgEd FHT-E Ax €544 £ PBS
(Phosphate Buffered Saline)2 2% |3 a}gc},
H#HE pH 2.5, 0.5% pepsin(Sigma)&4d«| 37°Coi|
4 J0EZF FajAlglen 53 FHHesE Fapr]) 9 A
2715 ol &8 AA AE2] #=lF F=ddcel R
7 F galizsid Yzt PESE 23 A Hstgd 4
ER-FobE 45 pm T 8 UE E S ofFag]
# 1500 rpmeflA] 1082 23 94 Eelagch A4
= 5 Y48E e Ride] MEprt 2x10% ml
o] EHES citrate ¢Fde 5 Al RNAE
H M7 #HEH ribonuclease{Becton-Dickinson)
#2l#A F propidium iodidelBecton-Dickin-
son)E F48kdct, J498 AESF9E 15 milli-
watt Argon-ion laser?} %35 FACScan(Bec-
ton-Dickinson)& AH&-ste] 3 Alsbgicl,

(2) vl &7, =k S olch 4000078 o]4=] 4
EE sy WiI)EL olwisa| GO/Gl peak
& el4stgdct DN A histogram®] #5+ 2l=] &
2 i3l GO/Gl peak® 713 HAFF olva2
Helstgdct, e|wlled= Friediand 2l 32+ o}
2} o|uja] GO/Gl peaksl =H3s Fd=Ew #Hay
HEF2 10% ¢o)de=z F4Y ot o)ite] wlHY
G0/G1 peak?} 28 A2 it 20% o4
2] ME7} olufa G2/Mel gl 2o #Fal= 8
29 G2/M peak® 71z sle HAE4E peigz=
H ot Fig. 1). Abiisral = olulalle} g o
wiarA 2] oAbl EE 7ER]a e e = sk gl7)
o= FAla EFAl elulAFos TFaAA H4s)
b= 3

(3) &47|1E% /F; SPF+= Baish® rectiline-
ar e o &4 Y Has =289 RFITHY
(CellFit Software, Cell Cycle Analysis, Version
2.0, Becton Dickinson)® e|&ated Alsbsbedc}.
SPF2 16.0% w|u, 16.0+14 20.9% 2], 21.0% o]
A12] 3¢ e & gl
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Babgle,

(8) HolAls, wWHe| Ha(Coefficient of wvari-
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Bol4dal ZHAfoll= dF iAol a] A=) 2]z

(4) EAEHE 4. FAFel= 5P552 SAS =
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lan-Meier ¥Wel 2]5led 2| HEEE F59c)
MEET zt wgalo]e] d@AE SAS ZRaqe
Log-rank test& e|&&le] w|2&tgc} Cox's re-
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Adsadct FAY waAdE Parel 0.05¢)812) A4
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(44%)2 AF 2] 6e(15%)8c} 524 A =sten
(P=0.020), SPF #Ha#3s o7 21.7%, A&
12.9%, A43te] 99% 24 orFFol Fr2l4d A
SPF7} el p=0.0044) stFol4 HFE& Fuks=
W o 488} Fukgh F 204l A e|eruf e 2}
2h 244)(50%), 64(30%)2 HEL pukE] g2 £
of o e]pullrArl 25 gad=gen SPFE 193%
B Zulalx) oFe 29 17.4% % #3ho Fo4de
el CV Ho == o5+ 6.3, 445+ 6.1, 34H
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Table 1. Ploidy and S-phase fraction of colorectal carcinoma, adenoma and normal mucosa

Total Na. Aneuploidy Diploidy S-phase

Vars
ariables of cases (%) (%) fraction(%) cv
Carcinoma 68 300 44) 38( 56) 2174120 B.25+1 55
Adenoma 30 6(15) 33( &85) 129+ 7.9 6084152
N ormal mucosa 10 0 LO{100) 09+ 4.2 S5.08+1.32

Table 2. Ploidy and S-phase fraction in relation to clinical variables of adenocarcinoma

Total Nao.

DN A Ploidy(%)

S-phase fraction{%)

Variables up*
of cases Af D* < 16.0 1.60~208 >21.0
Sex
Male 42 21(50) 21 (50) 12(29) (17 17(40) 6
Female 26 9(38) L T(62) 13(50) 3(12) Bi3L) 2
Age(Year) '
< 40 12 T(58) 5i42) 1( 8) 1{ 8) 7(58) 3
40~59 25 12(48) 13(52) 10(40) 4(16) 8(36) 2
= =60 31 11(35) 20065) 14(45) Bi16) 8(25) 3
Preop. *CES(ng/m1l)
<50 36 14(36) 22(64) 13(37) 7(19) 12(33) 4
5.1-~109 B S(63) 3(38) 3(38). 1(13) 3(38) l
==11.0 18 10(56) Bld4) 4(22) 1{ 6) 1 {56} 3
NC* 6 1(17) RE3) 5(83) 1(17) 0 0

A" DN A aneuploidy, D™ DN A diploidy

UD* Undetermined S-phase fraction, Preop.*: Preoperative serum

NC**: Not checked

DN A=|72 =3 1.42(1.2-2.2)2)5ick o)5u)5
el b Befle} UEZ 14s] M= wHY GO/GI
peak?} ¢|wl4d GO/Gl peak & G2/M peaks}
FHEe] 7|22 A4 R odovE HEFIE B
A& 4 gleldh

1. gixje| g ol HEER

WGFel M olulraE Ral I3 ojulAE B
9 9 HFAH 2 54649 621HE F I3
2] Addde FAALE Fo¢ Aol RelA Wk
or 2zt ¥ Tol g o]l NEE FfoF A
el flslch. dEelA 404 wvksl fapL 2] 58%)
A SPF& 21.0%e)4delsin elsufrH= 58% 2 41
A eldsl Frch ¥l wAT FAMHLE fog
Aol wlsich. @7l 4248t <7} 26«44 HET F
olpuljaral= 2hat 21 €(50% )9k 94 (38%)= Fvit
2 F2gt Aol fdd<HTable 2),

2. +€ & €3 CEA il
d7dd F €4 CEAfE o + 3dd e 62

Hol|gich. #A CEA 3 DNA sj=r4d @ SPF 4}
olel&= Fo4& & I+ glsldh. 2= CEAgte]
11 ng e]44l Fe| vigtel F8c} SPF2} =9ka e
el g Qe Fr7iEg ot o4 3ol glwl
c}(Table 2). Dukes #7] Bi#2] 3% CEA #HF3
7} 75 ngelslx CYW7lgl A+ 125 nge 2 w77}
715 CEAgbe] #7184 B4H fo4de
sl

3. &iE2 WdNs, 37| Wl |25 £/

GTTol4 HHgde] Sof] F 3ed(60%), A2
404 F 194(47%)=N 4 elpuiazt HEs s
F-#uck Wixr} Eslev FAA fo4E slsich
A& 2 SPF2] #2038 FA44 ale]= glgict o
T8 =277F 5.0 cmel4dg] gy o)ulrAt 19
«(51%), SPF7} 21.0%¢°|4ql #H%$7F 174(46%)=
5.0cm vwhtel A8} =& we2 Jepgo}
2l A2 zele gk (Table 3).
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Table 3. Ploidy and S-phase fraction in relation to pathologic variables of adenocarcinoma

DN A Ploidy(%)

Variables ToalNe, >-phase fractint®) up*
of cases AF D= <16.0 16~209 =>=21.0
Site
Cecum 7 2(29) 5( 71) 3 43) 1(14) 2(29) 1
Asc’ i 2(30) 4( 67) 4 67) 0 1(17) 1
Trans" 5 3600 20 400 1 200 1(20) 2(40) 1
Desc® 1 0 1(100} 1(100) 0 0 0
Sig’ 9 4(44) 5( 66) 2 22) 2(22) 3s3) 2
Rectum 40 19(47) 21( 53) 14( 35) BI15) 17(43) 3
Tumor Sizelcm)
<50 29 10(34) 19( 76) 130 45) 6(21) 7(24) 3
»>=51 37 19(51) 18( 49) 11( 30) 4(11) 17(46) 5
NR® 2 1(50) 1{ 50} 1{ 50) 0 1 5) 0
Gross Features{Borrmann's)
i 0 0 0 0 0 0 (
11 39 19(49) 200 51) 130 33) 3 B) 18(46) 5
111 27 10{37) 17( 63) 12( 44) 6(22) 6(22) 3
v 2 1(50) 1{ 50} 0 1(50) 1{50) 0
Angioinvasion
Present 12 B(50) 6( 50) 2(17) 3(25) 5{42) 2
Absent 56 24(43) 32( 57) 230 41) 7(13) 20036) 6
Neural Invasion
Fresent 21 9i43) 12( 57) - 30 14) 6(29) 9i43) 3
Absent 47 21(45) 26( 55) 22( 47) 40 9) 16(34) B
Dukes Stage
B 26 T(27) 19( 73) 12( 46) 6(22) 6{23) 2
C 36 20(56) 160 44) 11( 31) 4(11) 17(47) 4
D 6 3(50) 30 50) 2( 33) 0 2(33) 2
Ascy Ascending colon, Trans® Transverse colon, Desc” Descending colon,
Sig* Sigmoid colon, NR*: Not recorded
Table 4. Ploidy and S-phase fraction in relation to histologic grade of carcinoma
Histologic Tatal No. DN A Ploidy(%) S-phase fractin(%) -
grade of cases Al D* <16.0 16~20.9 >=21.0
Well 47 15(32) 32(68) 20043) 9(19) 15(32) 3
Moderate 14 12(86) 2(14) 3(21) 1(11) 6(43) 4
FPoor 7 3(43) 4(57) 2(29) 0 4(58) 1

o)== M7} 194](49%), 21.0% |42} SPFe] 18
o (46%)= [IIF¥c}h vlzr} Fakovt EA4H §2o4
o gizich otFe f3de] gl 124F ol
A7 649(50%), 21.0%e]42] SPF7} bhol2 #Hg3
We] gl 73 ¥|mate] F © #2F zels gl
th, obEe] A alejdx ey ok 3 SPF
a2l Ale|= gl (Table 3).

4. Dukes H7|H

Hxd Helrl gl Dukes BFEHlHdes T7-(27%)
7} eleleagont Pxal Helz)p gl CFE 2l
M 204 (56%)7F elulllwr |1 Helzf H D
T slelde elufaAlel o]lgulga] ghE] wE:
7ok}, Dukes W77} BFold CFoz EolilTH
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Table 5. Clinicopathological prognostic factors in re-

Table 6. Important variables of independent prognos-

lation to survival rate tic factors
Total No,  Five-Year Survival Prognostic Variahles P Value
of cases Ratet®) Dukes’ Stage 0.0106
Dukes’ Stage Histologic Grade of Adenocarcinoma 0.0230
B 26 385 DN A Aneuploidy in Dukes stage B.C & D 0.0251
C 36 139 Freop. CEA Value 0.0369
Histologic Grade S-phase Fraction 0.293]
Well 47 d1.1
Moderate 14 0
Poor 7 227
DN A Ploidy o
Aneuploidy - 30 10.0
Diploidy 38 33.0
Preop. CEA(ng/ml)
<50 36 341 g i
51-109 8 11.1 ; -""i
==11.0 18 2.0 E T
SPF(%) o : H
<160 25 20.4 ® -
16.0~209 10 20.9 TR N=38
>=210 25 12,0 | teemeny
s Diplosdy  alL_. -
----- + Aneuploidy N=20
0 5 10 15 20 25 30 35 40 45 50 55 60 &5
SPF7} #7l8tg oyt Dukes ®7]9} DNA wjsqid DURATION(Months)
1 & = . = =
9 SPFste] FAA &t AelE WAMA R} o Suvival for DNA  diploidy and DNA

Hrh Table 3).
5. ZEotE Euc

Hebdo] zaHa B nis errge o
uf Al 2} 324)(68%) ¢l o) F 8 ST o|ufaral
120 (86% ) 5 F Abeldldy B8} osE
ol et Fo4d A FrrEddP=
0.0127) e} = ishel gle] o|uf5H(57% )t |
W) Al(43%)7F wlegk WEE HE=c. na)ey
vilce il SPFe zle]s B4 8042 glg
cH Table 4).

6. WE 7|zinte] pA|

ddidd F 68%e FAEE 7 2 FEy
B 19925 897A F4 2absle G277 Apg 9
g ol PISNE el 8Ele #aldsich 3 7
2 HA FriUAM H g 9d 6rfdeldes HE
7l7ke 34 84 He] gt

1) arsts ofyeixizt WEES @y o
% gHa JEE sbelele Folt d@4gel glsich
vheled Sleis 404 ojubg] F2] 549 4EEL 182
W= 604 oldel T2 25.0%Ech it e A
@3 CEA@e] 5.0 ng vinkal F2] 5 4F&0] 34,

aneuploidy of adenocarcinomas.(F=0.0251).

1%, 51~109ng9el & 11.1%, 11.0ng o|3=] #
o] 55%2 7% H CEA o] =&+2 #19 A&
#o| FhastEcHP=0.0369)

2) Helsty o E£olxiel WEE2 Hatd: ohEe
2, 27 9 HebA F¥3 Y4FEEF Alelde Felg
d@de] wlddet, Dukes ¥2)et 4§ Ale]sl= 2
A%t FAA Felde]l el Dukes W7] BF2] 5
d HEEL 385%, Cote| 139%2 Holgh 449
HAaF MecHTable 5)P=0.0106). === ¥*s3}
T2} 59 AEEIe] Al gle] HEIF 22.7%,
AEFE 3l1%e s MEST 9 nidd Alelel=
+r2ld glA 5 AEEe] Fastgck Table 6).(P=
0.023) et 288 156 w5ola] 5l A}
st 7] o Fell FEhE o8 k] REed 4}

colel SleiAe AEEe] AN AL AREA

stch. AFE FOE GFLe] 4FE FUEA 8@
& TR 5 AFde] FHAT F4e LAY
st

3) DNA visd, SFP 9 DI®} WEEe| g
dl o8 AEET DNA eigdabe] shA« gle] o]
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Fig. 3. Survival for DNA diploidy and DNA
aneuploidy of adenocarcinomas in Dukes'

stage C (F=0.0202).

i 3 o R 33.0%E, o|pulaals] 10.0%Ec
424 ¢lA 4&&¢) wiH(Table 5 Fig 2)P=
0.0251), Dukes 7]+ wb2 DN A w542} S22 55
&l B Bae]| gle{d olwisa] ghFL2] 54
HEEE 328%%, o|Fulea ohEFe] 268%xr)
J2go] wotor) FAHoR Frelde gleldd 29
b CEella] el gbEF2 o|Fullal b2
5y ABEE2 22 30%2F (%= Dukes 7] CH 8
o] e d] qbPEe elufaa] by M) §143F o
F7F Eakepqich(Fig. 3)(P=0202). #e]7} #ladsl
Dukes ®7] DF 6ol 5 F 12789 o)+ =&
=7l Abtsiedr] &<l DNA ois4d=}e] FA4H
A e 499 ¢ gdch SPF71 16.0% o|gksl 7
21 S dEge] 29.4%, 16.0% M 209% 2}elql
F& 209%, 21.0% ol4e & 12.0%= SPF7
21.0% o]4kel F2o] A§-7} 53 HE2F2] A P4
F vpehdigl =gt A4 feolg zelye glsdch el
s FelA DI 15F 7lFew FEale] 4288
vl Elgl ot f-2|gk ape|r} gluch

4) 5 MEE2 SEFH ofexzM oz
Cox's regression analysisel+ Dukes ®W 7| (P=
0,0106), nEsrol HEsin sje)e] z=z)ahz Ha
=(P=0.0230), DNA v+4(P=0.0251), &= #
H4 CEA #(P=00369)2] +42 A2EL oFe)
+ a2 2)g)r qlslck{ Table 6).

a &

stERale) diaza P44 Wy zAea
i, % deldisel A5 R Pijol

At WAz x] Fgzxie] 2E W oA o U 7 Fa
3 qlal2 de| wlelgoxw gt Aaal b3 447
o2 mutiple regression &4l Mx ==etx L3
= o9 oojata vzl Fa4e] A3} FHEg}, 2
elu} sty e o wWrle] HYe:s FEHTY
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