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Influences of DNA Ploidy and Pre-opera-
tive CEA Level on the 5 Year Survival Rate
in Colorectal Cancer

Kyu Chul Kang, M.D., Sung Teak Jung, M.D., Min Young
Yoon, M.D., Sun Keun Choi, M.D., Yoon Seok Hur,
M.D., Keon Young Lee, M.D., Sei Joong Kim, M.D.,
Young Up Cho, M.D., Seung Ik Ahn, M.D., Kee Chun
Hong, M.D., Seok Hwan Shin, M.D., Kyoung Rae Kim,
M.D., Ze Hong Woo, M.D.

Department of Surgery, College of Medicine, Inha University,
Incheon, Korea

Purpose: The role of DNA ploidy in colon cancer as a
prognostic factor and the correlation of DNA ploidy with
the established prognostic factors have been studied for
the past 20 years. The purpose of this study was to look
into the correlation of DNA ploidy with the prognostic
factors and to assess the influence of pre—operative CEA
level and DNA ploidy on survival in colorectal cancer.
Methods: A total of 319 patients with colorectal cancer
received radical operations, and DNA flow cytometric
analyses of DNA ploidy patterns were performed at the
Department of Surgery, Inha University Hospital, from
June 1996 to July 2002. The patients were divided into
2 groups according to the DNA ploidy patterns.
Results: The DNA ploidies of the colorectal tumors were
compared to various prognostic factors, the pre—operative
CEA level and lymph—node metastasis. The latter two
showed correlations to the DNA ploidy. The 5—year sur—
vival rate for patients with a normal pre—operative CEA
level and DNA diploidy was 85.6% compared to 47.8%
for patients with both high pre—operative CEA level and
DNA an;euploidy, a statistically significant correlation (P=
0.0003).

Conclusions: This study suggests that DNA ploidy in
patients with colon cancer has a significant correlation
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with pre—operative CEA level and lymph—node metastasis.
Especially, the pre—operative CEA level and DNA ploidy
n patients with colorectal cancer may play a role as useful
prognostic factors. J Korean Soc Coloproctol 2004;20:
157—-162

Key Words: Colorectal neoplasms, Pre—operative care, Carcino—
embryonic antigen, DNA ploidies, Survival rate
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199611 62 5-Ef 2002 72714 2ol A o A F
Fo g2 ZAH g HAEE T FAZA DNA FA
X SRS A YE 3009 At T F3 £A4H 45
3} Astler-Coller stage D1 34} 26 S A €] 3 3194 &
o2 st gate] it ol 5934, A
A= 2341 5FH 91 ATkt gk Y S EX
7} 185 (58%), A7}t 1349 (42%)0] Atk Z+ $xjo] |
71 Astler-Coller stage A7} 10%(3.1%), B1°] 33“5‘
(10.3%), B27} 1199 (37.3%), C1©] 14 (4.4%), C27} 143
H(44.8%)°] A} TS Hit & W CEAE 14.8 ngmlZ ¥
9 039014 558°]91.0.1, CEA”7} 6 ng/ml o8t A3l
A= 2149(67.1%), 6 ng/ml ©]43] az}: 1009
(31.3%)°] 1 tH(Table 1). $2}e] urzor dAZ L= A
3 2 3] AAo 61”4(19 1%), )3y A A} o] 101:1(31 %),
ol =2} AAo] 647(20.1%), F o] 1797 (56.1%), THHA
°] 59 (1.6%)°] AThFig. 1).

7 AAZRE & & dxA xUd g 55
o]-g3te] HALE AldstAth. AAE 500me] FAZ ¥}
skl 49 Al wit 3~58WE du o5 747}
10 m19] xylene & 2 A2 A 30+, 104, 104 % 3
o gt H8E AX dAEHFAT 2= 10
ml absolute alcoholol|] 108 7t 23], 95%, 70%, 50% alcohol
10 mloll Zb2} 102 7+ 13]4 A 23l 10 mle] F7-<rol
s Bt FFEAAT FHRTE AAT F 0.5%, 2 mo]
pepsin solutionol] ¥ ¢} 37°C water bathol| 4] 303} #jj 3}
I AH A7 F citrate buffer 50me. 2 A FFA 7 H 2+
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Table 1. The characteristics of patients

Number of patient (%)

Age (mean) 59.3+12.3
Sex Male 185 (58.0)
Female 134 (42.0)

CEA (mean) 14.8+50.0
CEA <6 ng/ml 214 (68.2)
>6 ng/ml 100 (31.8)

Aster-Coller stage A 10 (3.1)
B1 33 (10.3)

B2 119 (37.3)

C1 14 (4.4)

C2 143 (44.8)

Z} Trypsin, RNase, Propidium iodide”} Z7}% stock
solution= 7}8}1 220 A 105 7+ Wx]5}e] DNAS &
ASFATH 2 F 47um pore Z7]2] Nylon mesh® & 33}
o] single cell suspensionS THE 3L CoulterA}2] EPICS flow
cytometry2] multicycle system= A}-8-3}¢] DNA histogram
S AT} DNA histogram’d GO/G1o A dFu}2] peakES
Hole 7459 GO/G19] DNA content #t] 21 §-3}3}
= G2M peakE 7HA= A$-E diploidZ #4391 GO/
G1 patterns Ho|= 7-9E aneuoploidy® &4 3}Hth
Z}7] #AE DNA ploidyo]l w2} diploidy ¥} aneu-
PlOid}’"—'Loi T & F oA o], 4, WY
, A T A7), Stad, A2 B3k, W), 9
AANBHE A7, & A CEAY] ¥
% 7 CEA$} DNA ploidyol] w2 51
A8kt
Wl Azt s F
ZAP} o] Folxom, o F2 o] §l
= Ag2AE T8 AE AR 2 ST
AAIL, o]& FFAOE ATttt
8}7 1412 SPSS 10.0 for Windows ui:ﬂg% o]
SE 1A} 9}
Chl—square@r Student t-testZ A1} o,
ploidy ¥ <% CEA levelol| W2 53 AEE9 37
aplan-Meier AJ %27} log rank testE Al3Y3}e] =}
AAsA T 4o A9-ofl 1A P-value 0.05 W]
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2 A 3197 2] DNA ploidy= aneuploidy”} 1327
(41.4%), diploidy”} 1877 (58.6%)°] %1t DNA ploidy$} 7]
& IRjAAEHE] AAE EAME Z7 DNA di-

1
2% 19%

13%

4 3
56% 20%

Fig. 1. The site of primary colo-rectal cancer. 1 = Ascending
and transverse colon; 2 = descending colon; 3 = sigmoid colon;
4 = rectum; 5 = multiple.



AtE o 1290 1 A - A% o F gl A DNA ploidyst £ CEA7} 5d A&

ploidy$l #x}e] M & A CEA level> 10.7 ng/mlQ H
1], DNA aneuploidy$! 3412 H# & A CEA level>
177 ngml®. 2 & FA& eI o= FA8H3
O 2 gk AFolE HATHP=0.001). ©]9} B E©°] DNA
diploidy 32} 2 d Mol &2 36.8%<1H *Hl3l, DNA
aneuploidy ¥79] Hxd Hol&L 462%= E3kaL, ©f
A B Ao &9 i}o]—e— H 3 thP=0.040). 1
Qe e JAAES yol, A, 2 X, A7,
St &7, MEESIE, T4 ‘:ﬂ7] xRN AF, F
A7 A <5, Astler-Coller ¥ 719} DNA ploidy 9= 52| 3
FBBAE BolA FUTH(Table 2).
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A g4 3194 F F7 FAF 717 H(19961d 692 ~
2003 39) A}”Pfﬂ o= 6591 Attt & A CEAX|d M2
59 AEES & A CEAX7} 6 ng/ml o]3t2 A4 45
o = 82%°]1 & A CEAX7} 6 ng/ml °]4Y 7ol
53%2A4, FAIACE FoeH & A CEAA7l =&
$-o 51 AEE0] F3TH(P=0.0006)(Fig. 2).

DNA ploidyol] @& 5'd AJ&&-2 diploidy?} aneuploidy

AN Z2+2; 76%, 65% =2 o= FAFHOZ Fod F=F
o} 1A ¥H(P=0.102), DNA diploidy 2ol A 513 A&
fo] =& Ao T FAEUTHFg. 3). T3 DNA ploidy 2}
= A CEAEZ B4l 13t 59 &S ZAIE 2

ol

Table 2. The correlations between clinicopathologic factors and DNA ploidy

Total
Age (mean)
Sex Male

Female
Site of primary tumor Ascending colon
Discending colon
Sigmoid colon
Rectum
Mutiple
*CEA (mean)
Size (mean)
Gloss Finding Ulcerofungating
Ulceroinfiltrate
Fungating
Polypoid
Differentiation Well

Moderate

Poor
Tumor stage T1

T2

T3
Lymphovascular invasion Negative
Positive
Perineural invasion Negative
Positive
*Lymph node metastasis Negative
Positive
Astler-Coller stage A

Bl

B2

C1

C2

*Statistically significance : P<0.05

DNA diploidy (%) DNA aneuploidy (%) P-value
187 (58.6) 132 (41.4)
59.3+11.7 59.3+13.1 0.629
111 (60.0) 74 (40.0) 0.557
76 (56.7) 58 (43.3)
38 (62.3) 23 (37.7) 0.772
7 (70.0) 3 (30.0)
38 (59.9) 26 (40.1)
102 (57.0) 77 (43.0)
2 (40.0) 3 (60.0)
10.7+32.4 17.7+59.1 0.001
5.5+1.8 5.5%£2.0 0.548
102 (59.6) 69 (40.4) 0.738
43 (54.4) 36 (45.6)
1 (33.3) 2 (66.7)
18 (54.4) 11 (45.6)
51 (65.4) 27 (34.6) 0.250
113 (54.6) 94 (45.4)
7 (53.3) 6 (46.2)
6 (60.0) 4 (40.0) 0.816
25 (54.3) 21 (45.7)
156 (59.3) 107 (40.7)
77 (60.2) 51 (39.8) 0.376
93 (55.0) 76 (45.0)
102 (54.5) 85 (45.5) 0.683
52 (57.1) 39 (42.9)
103 (63.2) 60 (36.8) 0.040
84 (53.8) 72 (46.2)
6 (60.0) 4 (40.0) 0.310
19 (57.6) 14 (42.4)
78 (65.5) 41 (34.5)
7 (50.0) 7 (50.0)
77 (54.2) 65 (45.8)
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Survival rate
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Fig. 2. The survival curves according to the preoperative CEA
level of patients. 1 = CEA<6 ng/ml; 2 = CEA>6 ng/ml
(P=0.001).
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Fig. 3. The survival curves according to the DNA ploidy of

patients. 1 = DNA aneuploidy; 2 = DNA diploidy (P=0.102).

3}, DNA diploidy 2 CEA level©] 6 ng/ml ©]3}¢1 3% 53
Y EE&L 86%, DNA aneuploidy 3 CEA level©] 6 ng/ml
]3¢l 97} 75%, DNA diploidy 3 CEA level©] 6 ng/ml
o]421 7497} 59%, DNA aneuploidy % CEAK] 7} 6 ng/
ml °]4?l A7} 51%5 2442 YeERA A ol &

Aoz fol AolE 1AHP-0.006)Fig. 4.
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Fig. 4. The survival curves according to the DNA ploidy and
preoperative CEA level of patients. 1 = CEA <6 ng/ml, DNA
diploidy; 2 = CEA <6 ng/ml, DNA aneuploidy; 3 = CEA>6
ng/ml, DNA diploidy; 4 = CEA > 6ng/ml, DNA aneuploidy (P=
0.006).
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7FAEE AFHERE dFH 31, o
X 3471 o] &3 DNA 24 1¥ F
dFAAZA FHH 2 Ao’

gy 7129 31253 DNA ploidyd] A##7)
of gk A< obH = Buxe] wet zto]7t Stk o] A
o] E¥ X o)A DNA aneuploidy= tHAAIESF AA
9 51%914 89% =& AL ATk o] F HH B
Aol %5t FEEGE 5t FdolA DNA
aneuploidy7} ©] ®o] #ZHEdm wxd uh Ja”’
Silvestrini 5'°%} Tomoda 5''& A% FFo] 1], W7
2 z28tA 3= 9 DNA ploidy 7roll= f2]8F 2}o]7}
githal ®arskar gtk RHA o] Halvorsent Johannesen12°
ZAH #atwolM = Fo3 2pol7t gleuy W7
g2y Hol 5= Ao|7} Yo, £t Schwartz 5%
W7l 9 924 Zo| el 7} DNA ploidy} #A17F itk
I Buska ok o Ao e A FF AA, ¥
71, dol, A, i FEY A7), §¢ 24, AR E,
Hrzdagd As, 79 A% 5 59 52042 DNA
ploidy 9= ] g Afol& HolA| gksirh. 12y W74
Aol F8g AAE FBete AFAAR "Hzd Mol
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DNA ploidy 2t F##AE
DNA ploidy7} Z9k2] o &9} 3
olz} &t

thogo] FYFTEANA FAE A 715 ©]&3 DNA
3 A= 19821 Wolley 5°©] DNA diplody $-2}oll A
59 AEEo] Eva HEE Bag oY, 1 AR EA 4
SYAQ o AT of )} 7]E o F0 Ak A}
ARA N ol 1 FaAol BRI Yk o} H 7R
o] X 7F dob YARE tiFE] AFolA DNA
diploidyo] _.Z_o]:o] (;1]‘6‘7]. %r/}—y E_.J_’_ﬂ—"/ 0/113} 7,8,15,16
el BuEe 93 277} DNA diploidyol A 21714 /‘3

Z8-0] 85%, DNA aneuploidy®] 7% 55.6%°] Atk 314
31, 9|2 Chapman 5" °] DNA diploidy ¢} aneuploidy
o] 5 HAE AEE] 247 75% L 54%=2 4 DNA
ploidy7} | 1424 &3tk B st ot & A
T2 799l DNA diploidy$} aneuploidyol| A1 2] 51 4§

E&o] Z17F 76% Z 65% 2 4] diploidy$Alo| A AEE0]
%»WUJ, SAFH R Fo3 Ao]E HolA] gttt
(P=0.102).

CEAT A%, A7 AT delA 718 de
TE ZAAZA, 2F, AFY 2HH FE F
Zol Slo}, L fr&Ade] oln] oA =ES F3
Aoh”® 22 H2 9] =Fo| X CEAE CEA-specific pro-
ducing gene therapy 5] X274 <l ow]#ul olje}” &
% CEA7} 274, Aol -6 AL o FAA2 A9

Ug Jhgn Busa o’ B AFdAE &
CEA”} 6 ng/ml ©]3}<Q1 22} 6 ng/ml o]l 2249 51
AEEO] 27 2% 2 53%E FAHO R {23 2o
7} AATHP=0.001). & A4 DNA ploidyol wWE 7]
9 o FAAete] Aol A, 7 ARl Ze AL
2 Yeld & A CEAS DNA ploidyS F Aol 118 &}o
59 AES st} ¥ A3, £7 CEA 6 ng/ml
o]a}o] A DNA diploidy<l 759} CEA 6 ng/ml ©]/d°]
HX] DNA aneuploidy?! 7-¢-Hth BE&0] Fo31A =
24 tHP=0.006).
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