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Objective Results
To analyze the clinical value of reverse transcriptase—poly- On the basis of 450 days of follow-up data, the PCR-positive
merase chain reaction (RT-PCR) recognition of mRNA coding group had a significantly shorter overall survival than the PCR-
for carcinoembryonic antigen (CEA) and cytokeratin 20 in negative group only with the mesenteric venous blood speci-
blood obtained from patients with colorectal carcinoma. mens. Multivariate analysis indicated that detection of the si-
multaneous presence of CEA and cytokeratin 20 mRNA in
Summary Background Data mesenteric venous blood is a potent prognostic factor inde-
RT-PCR has been applied to identify very small numbers of pendent of the traditional pathologic parameters. Of the eight
tumor cells. Molecular detection is thought to provide useful peripheral blood specimens found to be PCR-positive, five
information for the clinical management of perioperative pro- showed a change of PCR from negative to positive during
phylaxis of tumor cell implantation or postoperative adjuvant surgery, and liver metastases developed 11 months later in
therapy regimens. one of these five patients.
Methods
From 52 patients with colorectal cancer, peripheral blood Conclusions

specimens were obtained before and after surgical manipula-
tion; also, a specimen of mesenteric venous blood draining
the colorectal tumor was obtained just before tumor resec-
tion. Using cDNA primers specific for CEA and cytokeratin 20,
RT-PCR was performed to detect tumor cells. Subsequently, ) RN
the 52 patients were divided into two groups, a group positive ogll d|ssem|nat|pn Isa commoq and early event and thqt sur-
for both CEA and cytokeratin 20 and a group negative for gical ‘mamp.ulahon enhances this release of tumor cells into
CEA, cytokeratin 20, or both. the circulation.

Molecular detection of both CEA and cytokeratin 20 mRNA in
mesenteric venous blood may be of prognostic value for pa-
tients with colorectal carcinoma. Molecular detection in the
peripheral blood at surgery suggests that hematogenic tumor

Approximately 20% to 45% of colorectal cancer patientshave been used. Using conventional cytologic and immu-
who undergo a histologic curative surgical procedure newvaohistochemical methods, colorectal cancer cells have been
ertheless subsequently develop metastatic disease, and tfegected in peripheral and mesenteric venous blood draining
sites of metastases are lymph nodes, peritoneum, liver, lungimors®~® However, the prognostic and clinical value of
and bone marrow? In an attempt to increase the sensitivity this phenomenon is not cleurther technical advances
of detection of these early metastases, several approachffe made it possible to detect micrometastases at the
molecular level in bone marrow and even in circulating
blood®~8 More recent studies have reported and discussed
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carcinoma. Because CEA mRNA is expressed in the vashacia, Freiburg, Germany), and total RNA was extracted
majority of epithelial cells but not in nonepithelial cells, and with ISOGEN (Nippon Gene, Osaka, Japan) according to
this expression can be detected at the molecular level déhe manufacturer's instructions. The purity of recovered
spite serum CEA (protein) volumes, we used it as a promRNA was determined using Ultraspec 2000 (Pharmacia,
ising marker of epithelial cellé!* Despite using well-de- Cambridge, UK).
signed CEA-specific primerd, false-positive results were
observed in our previous stutiyas well as those of other
investigators®’ To increase the specificity, we used in
addition cytokeratin 20, a member of the epithelial sub-
group of the multigene family of intermediate filament Total RNA (isolated from 2.0ug) diluted in 10 uL
proteins and an important constituent of the mammaliarDEPC-treated distilled water was denatured at 70° for 10
cytoskeleton® The expression of cytokeratin 20 is almost minutes and quickly chilled on ice. The cDNA was synthe-
entirely confined to the gastrointestinal epithelium, urothesized in a 20uL reaction mixture containing 4L 5 X
lium, and Merkel cells; it has not been found in normal first-strand buffer, 50@mol/L dNTP, 100umol/L solution
hematopoietic cell$? On the basis of our results, we discuss of random primers, and 400 units of Moloney Leukemia
the clinical value of the detection of CEA and cytokeratin Virus Reverse Transcriptase (Gibco BRL, Gaithersburg,
20 mRNA in the circulating blood. MD). The reaction mixture was incubated at 42° for 60
minutes and then heated to 90° for 2 minutes to inactivate
PATIENTS AND METHODS tf(zeoit.everse transcriptase, and the mixture was stored at
Patients To check the integrity of the synthesized cDNAuP of
) . the mixture was subjected to reverse transcriptase—poly-
Fifty-two colorectal cancer patients aged 24 to 86 yearsperase chain reaction (RT-PCR) for glyceraldehyde-3-

were evaluated (32 men, 20 women). UICC staging showedyosphate dehydrogende.

5 stage | patients, 17 stage II, 21 stage Ill, and 9 stage IV. \ye adopted a two-step PCR for the amplification of CEA
Of the stage IV group, eight patients had liver metastase§pNA and cytokeratin 20 cDNA to enhance the specificity.
and one had lung metastases at surgery. The surgical resegasted PCR with CEA was performed with CEA-specific
tions (20 right hemicolectomy, 3 transverse colectomy, 13rimers!* Nested PCR with cytokeratin 20 was based on
sigmoidectomy, 10 lower anterior resection, 4 abdominoyr previous study using the following cytokeratin 20-
perineal resection) were performed at more than 10 cm frorgpeciﬁc primers: A: 5CGT CTA ACA GTG GAA GCT
the edge of the primary tumor, with lymphadenectomy of AT cTC-3 for the outer sense, B:’H5CG GGC GTT
pericolic, perirectal, and named vascular truncal regions, icca TGT TAC TC-3 for the outer antisense, C!-BAG

our department from July 1997 through November 1997 cAT cTG GGC AAC ACT GTC A-3 for the inner sense,

Patients whose tumor could not be resected were excludeg). 5. AAC GGG CCT TGG TCT CCT CTA-3 for the
Peripheral blood was collected both before and after surgiyner antisense.

cal manipulation, and mesenteric venous blood draining the The first cytokeratin 20 PCR was performed using prim-

tumor was collected just before the tumor resection. ers A and B, followed by the second PCR using primers C
As a control group, we also obtained peripheral bloodang p. The final PCR products of CEA and cytokeratin 20

from 10 patients with benign disease (6 cholelithiasis pay,rRNA were a 132-bp and a 313-bp DNA fragment, respec-

tients who had undergone laparoscopic cholecystectomy, tJrver.

patient with a benign mammary tumor, 2 inguinal hernias, The two-step PCR was carried out as follows: for the first

and 1 umbilical hernia) at surgery and 10 healthy volun-pcr 2,1 cDNA was blended into 23.L reaction mixture
teers. Extraction of RNA from blood specimens was carrieqncjyding 2.5uL 10 X buffer (10 mmol/L Tris-HCI, pH 8.3,

Reverse Transcriptase-Polymerase
Chain Reaction

out within 4 hours after collection. 50 mmol/L KCI, and 1.5 mmol/L MgG), 200 wmol/L
dNTP, 0.5umol/L of each primer, 0.625 units Tag DNA
Cell Lines polymerase (Takara Biomedicals, Otsu, Japan), and 2.5

DEPC-treated distilled water. A PCR thermal cycler MP
Colorectal cancer cell lines (colo 320) were also investiTakara Biomedicals, Otsu, Japan) was used for the reac-
gated as positive controls for the detection sensitivity intions. The first reaction was carried out for 20 cycles for

these experiments. CEA (95°, 1 minute; 72°, 2 minutes) and for 30 cycles for
cytokeratin 20 (95°, 1 minute; 67°, 1 minute; 72°, 1 minute)
Isolation of Total RNA with a final step of 10 minutes. Two microliters of the first

PCR product was transferred into a second tube and ampli-
Isolation was performed on 10-mL peripheral blood specified as follows: 25 cycles for CEA (95°, 1 minute; 69°, 1
mens (before and after surgical manipulation) and a 10-miminute; 72°, 1 minute) and 30 cycles for cytokeratin 20
mesenteric venous blood specimen on Ficoll-Isopaque (Phaf95°, 1 minute; 67°, 1 minute; 72°, 1 minute) with a final
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CEA -132
Figure 1. Different numbers of cancer cells were
added to 2 mL whole blood. The number of tumor CK20 -313
cellsinthe lanesis 0, 10", 102, 10%, 10%, and 10° from
left to right (lanes 1-6). (M, molecular weight marker;
NC, water negative control.)
M N 1 2 3 4 5 6 bp

step of 10 minutes. We reexamined each specimen at lealsenign disease patients and 10 healthy volunteers were exam-

once to confirm the accuracy. The PCR products weréned with the CEA- and cytokeratin 20-specific nested PCR.

subjected to electrophoresis on 2% agarose gels and visu-

alized using ethidium bromide. The amplified products were .

sequenced using a fmol DNA Cycle Sequencing Systenge" Lines

(Promega, Madison, WI) and determined to be identical to The sensitivity of the CEA and cytokeratin 20 nested

those expected. RT-PCR was investigated by cell spiking experiments,
which confirmed that 10colo 320 cells diluted in 2 mL

. human whole blood could be identified (Fig. 1).
Cell Spiking

Cell spiking experiments were used to test the potentiasontrol Blood and Patient Blood
sensitivity of this technique for detection of colon cancer Analysis

cells in blood. To confirm the sensitivity, known numbers of _ _ _
colo 320 cells were added to whole blood specimens, total Of the 52 mesenteric venous blood specimens, 23 dis-
RNA was extracted, RT-PCR was performed for both CEAPlayed a distinct and clearly visible CEA and/or cytokeratin

and cytokeratin 20 mRNA, and subsequently the nested0 PCR product (Fig. 2). A CEA PCR product was detected
PCRs were performed with each primer_ in 20 of 52 (384%) and a CytOkeratin 20 PCR prOdUCt in 19
of 52 (36.5%). The RT-PCR results in each stage are shown
in Table 1. The association between the detection of CEA
Statistical Analysis and cytokeratin 20 mRNA together and clinicopathologic
. . ._parameters is shown in Table 2. A significant association
i Tlhe Fllsher exaltztt_prol?[abltlt;ty tgs;c W?S us?d;grRthe Sdtatt;]s\'/vas found between PCR detection and stdge=(.006),
waditional dinical pathologic parameters (divided into two CCPA" Of IVasion® = 018), and nodal metastass ¢
groups, early groups vs. advance groups). The Mann-Whi ._034). The prognosis of the PCR-positive group was signif-

tast dt Dat ; d'cantly shorter than that of the PCR-negative groBp=
ney test was used to compare means. Lala are presente .363; Fig. 3). Multivariate analysis indicated that detection
mean valuest standard error of the mean. Kaplan-Meier

. of both CEA and cytokeratin 20 mRNA togethé& € .028)
survival curves were constructed and analyzed by the lo%vas an independent prognostic factor (Table 3)

g;léstgzg g;ea Igtl)l:(ernecgere(:);fsi?) ?lcgn\:;;gzle A(I)Irlnesslgvxglrewss With regard to peripheral blood specimens, 37 specimens
) . ) om patients with colorectal cancer displayed a distinct and
formed using SPSS for Windows Release 8.01] (SPS& P Pay

3 | Tok 3 - 05 idered t early visible PCR product, whereas none of the 20 spec-
wapan Inc., 10Kkyo, QpanP 09 was considered 10 mens from 10 patients with benign disease and 10 healthy
indicate statistical significance.

volunteers did (Fig. 4). The PCR results for each stage for
specimens collected before and after surgical manipulation
RESULTS are summarized in Table 4. The relation between the detec-
tion of both CEA and cytokeratin 20 mRNA together and
Overall, 52 paired mesenteric venous blood and peripherallinicopathologic parameters is shown in Table 5. A signif-
blood specimens, each pair from the same patient with coldeant association was found between PCR detection and age
rectal cancer, and 20 peripheral blood specimens from 1P = .012) and histologic typeR(< .001). The difference
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CEA

Figure 2. Representative results of reverse tran-
scriptase—polymerase chain reaction assay using
mesenteric venous blood specimens. Lanes 1 and 2
were obtained from the two stage IV patients; lanes 3,
4, 5, and 6 were obtained from the four stage Il pa-
tients.

CK20

GAPDH

MING 2080 411818

in prognosis between the PCR-positive and PCR-negativeastases, such as CEA>**mucin 1 (MUC1)?? gastroin-
groups was not significanP(= .06; Fig. 5), and multivar- testinal tumor-associated antigen 733.2 (GA73%%2),
iate analysis indicated that detection of both CEA andcytokeratin & cytokeratin 18&* cytokeratin 1$222°and
cytokeratin 20 mRNA together, like other factors, was notcytokeratin 2@ Although it has been reported that unlike
an independent prognostic factor (Table 6).

Table 2. RELATION BETWEEN
DISCUSSION DETECTION OF CEA AND CK20 mRNA
There have been several reports on RT-PCR detection of TOGETHER IN MESENTERIC VENOUD
very small numbers of cancer cells in circulating bl§od, BLOOD AND THE CLINICOPATHOLOGIC

including mesenteric venous blodt Recently, the prog- CHARACTERISTICS
nostic and clinical value of this molecular detection method PCR+ PCR—
has been the focus of discussibi®We have demonstrated Characteristic (n=16) (n = 36) P
previously that RT-PCR using CEA mRNA and cytokeratin
20 mRNA® is a highly specific and sensitive detection Age 631=37 638x16 781
. X
method for the presence of colore_ctal cancer cell_s in Iymp_h Ven 9(28.1%) 23 759
nodes. Here we have used_ an improved version of thl_s Women 7 (35%) 13
method to analyze the peripheral blood and mesentericiCC stage
venous blood, and as a result we were able to show the! 0(0%) 5 .006
clinical value of this molecular detection. In previous stud- ::l EE;;SZ‘% 2
. . . 0
ies, many target genes have been used to detect microme-, 9 (100%) 0
Depth of invasion
t1 0 (0%) 1 018
t2 0 (0%) 5
Table 1. RESULTS OF NESTED RT-PCR t3 10 (27%) 27
IN MESENTERIC VENOUS BLOOD WITH t4 6 (66.7%) 3
CEA AND CK20 BY TUMOR STAGE Node status
Negative 4 (15.4%) 22 034
Stage CEA+/CK20— CEA-/CK20+ CEA+/CK20+ Positive 12 (46.2%) 14
Histologic type
I (n=5) 0 0 0 Well differentiated 4(21.1%) 15 .662
II(n=17) 2 (11.8%) 2 (11.8%) 2 (11.8%) Moderately differentiated 9 (34.6%) 17
Il (n = 21) 2 (9.5%) 1(4.8%) 5* (23.8%) Poorly differentiated 2 (50%) 2
IV (n=9) 0 0 9 (100%) Mucinous 1 (50%) 1
Squamous cell 0 (0%) 1
CEA, carcinoembryonic antigen; CK20, cytokeratin 20; RT-PCR, reverse tran-
scriptase—polymerase chain reaction. The percentages note the detection rate in CEA, carcinoembryonic antigen; CK20, cytokeratin 20; PCR, polymerase chain

each stage. reaction.
* Includes patients 9 and 19. The percentages indicate the detection rate in each case.
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Figure 3. Survival curves of the 52 patients with :; -
colorectal cancer according to the expression of both e 60 - e e
carcinoembryonic antigen and cytokeratin 20 mRNA ~ ] PCR
in the mesenteric venous blood specimens. The sur- g (+) (n=16) (CEA(+),CK20(+))
vival curves were determined by the Kaplan-Meier E 40
method. The negative group includes one patient, 3
patient 40, who died of pulmonary vein thrombosis on € p=0.003
postoperative day 5 (P value determined using log- 20
rank test).
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the other target genes, cytokeratin 20 mRNA was not demRNA2® Our detection rate in mesenteric venous blood
tected in any normal bloo&®?recently false-positive re- was similar to that in previous testing for bone marrfof.
sults have been detected with cytokeratin 20 in normafThe detection rate with combined CEA and cytokeratin 20
control blood?*° However, the lower frequency (3—8%) of increased with the stage of the tumor, and there were
false-positive results compared with CEA (0-33%f""  significant differences in the expression of CEA and cyto-
and the absence of a cytokeratin 20 pseudogene suggest thakatin 20 mMRNA between the early stages /Il and the
cytokeratin 20 may be a more useful target for RT-PCRygyanced stages III/IVR = .035, Fisher exact test; see
det_ection of epithelial-deriv_ed cancers than previously degpe 1). Especially in stage 1V, all of the nine cases were
scribed target genes. In this study, to overcome the falSgetected in combined CEA and cytokeratin 20 testing. How-
po;mve problem_v_wth CEA a_nd a_Iso cytokeratin 20, we ever, in terms of depth of invasion, the ratios of the PCR-
defined PCR-positive as the situation whbath CEA and negative results in t3 and t4 cases were 73% and 33.3%,

cytokeratin 20 were positive. . . respectively. One possible explanation is that tumor cells
In the mesenteric venous blood specimens, the detection

rate of both CEA and cytokeratin 20 was 16 of 52 (31%).may be int.ermittently flowing into_the bloodstream of the
There has been only one previous study using mesentenk?:OWeI wall; another 'Sthat s_amplmg Srrors may h_ave_ oc
venous blood, with a detection rate of £%As the report curred (seg Table 2)°" A third possible explanation is
suggested, the low detection rate might be due to their K-ra€terogeneity of the tumor celis. It cannot be ruled out that
point mutation system. However, another study analyzingn€ expression of CEA differs between circulating tumor
intraoperative portal blood from patients with pancreaticCe!lS and the primary tumor. As with the detection rate by
cancer reported 100% detection using RT-PCR with CEAStage, it is significant that the detection rate increased with
advancing depth of invasion (Fisher exact test).
Because our study was prospective, the determination of

CEA and cytokeratin 20 mRNA expression preceded the

Table 3. RISK FACTORS AFFECTING

SURVIVAL RATE BY MULTIVARIATE prognostic analysis. All analyses were performed without
ANALYSIS IN MESENTERIC VENOUS knowle_dge of the cc_)rrespondlng clinical data and the post-
BLOOD SPECIMENS operative therapeutic schedules. The actual results of anal-
ysis of the association between the expression of CEA and
Parameter Hazard Ratio P cytokeratin 20 mRNA together and the survival time after
Age 0.981 &59  Surgery demonstrated the prognostic value of the detection
Sex 0.173 151 (see Fig. 3 and Table 3). Thirty-seven patients with normal
Serosal invasion 6.817 223 serum CEA levels also showed the same association be-
Lymph node metastasis 3.999 276 tween the expression of both types of mRNA and the
\L/ir:gffffvggi'on é:gig :ggg survival time P = .0143, data not shown). Of the 43
Histologic type 2.078 642  patients without liver metastases at surgery, two patients
Detection of carcinoembryonic antigen 13.574 028  (patients 9 and 19 in Table 1) whose mesenteric venous

and cytokeratin 20 mRNA together blood specimen expressed both CEA and cytokeratin 20
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CEA

Figure 4. Representative results of reverse tran-
scriptase—polymerase chain reaction assay using pe-
ripheral blood specimens. Lanes 1 and 2 were ob-
tained from patient 19 (stage Ill) before and after
surgery, respectively; lanes 3 and 4 were from patient
9 (stage lll); lanes 5 and 6 from patient 35 (stage IV);
lanes 7 and 8 from patient 15 (stage I); and lanes 9
and 10 from a patient with benign disease (laparo-
scopic cholecystectomy).

CK20

GAPDH

o o = SRS Yl R Ml o
N PO Y M

MRNA developed liver metastases 7 and 11 months later, From the viewpoint of surgical manipulation, it is signif-

respectively. icant that a direct association was observed between the
However, in peripheral blood specimens, the detectiortime when the specimen was obtained and molecular detec-

rate of CEA and cytokeratin 20 mRNA together was 8 of 52tion of tumor cells. Of the eight patients who were PCR-

(15.4%), which was consistent with that in a previous

study? The rate of detection was significantly lower than in

mesenteric venous blood specimeRs= .033, McNemar Table 5. RELATION BETWEEN

test). Of the seven patients with liver metastases at surgery, DETECTION OF CEA AND CK20 mRNA

three (42.9%) expressed both CEA and cytokeratin 20 TOGETHER IN PERIPHERAL BLOOD AND

MRNA in the peripheral blood specimens, whereas in the CLINICOPATHOLOGIC CHARACTERISTICS
mesenteric venous blood specimen, both CEA and cytoker

atin 20 mRNA were detected in all patients. It is obvious N PCR+ PCR-
that one reason for the lower detection rate in peripheral _ Characteristics =8 (n =44 P
b_lood i'_s that the tumor cells_ are dilut_ed in _the systemic, . 545+ 69 653413 012
circulation blood. The detection rate in peripheral bloodgegy
specimens from patients with liver metastases is similar to Men 2 (6.3%) 30 072
the results obtained in a previous studyand our study also ~ Women 6 (30%) 14
showed no association between the molecular detection (H"lco stage 0 0% 5 8
CEA and cytokeratin 20 mRNA together in peripheral blood ] E5 52%) 16 '
specimens and the patient’'s prognosis (see Fig. 5). I 3 (14.3%) 18
\Y 4 (44.4%)
Depth of invasion
t1 0 (0%) 1 .130
Table 4. RESULTS OF NESTED RT-PCR t2 0 (0%) 5
IN PERIPHERAL BLOOD SPECIMENS* 3 5(13.5%) 32
t4 3(33.3%) 6
Pre—/ Pre+/ Pre+/ Pre—/ Node status
Stage Post— Post+ Post— Post+ Negative 2(7.7%) 24 249
Positive 6 (23.1%) 20
I(n=5) 5 0 0 0 Histologic type
Ilin=17) 16 0 0 1 Well differentiated 0 (0%) 19 <.001
I (n = 21) 181 0 1 ot Moderately differentiated 3 (11.5%) 23
IV (h=9) 5 1 1 2 Poorly differentiated 3 (75%) 1
Mucinous 2 (100%) 0
RT-PCR, reverse transcriptase-polymerase chain reaction. Squamous cell 0(0%) 1
* Obtained before and after surgical manipulation by tumor stage.
1 Includes patient 9. CEA, carcinoembryonic antigen; CK20, cytokeratin 20.

T Includes patient 19. Percentages indicate detection rate in each case.
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positive in peripheral blood, more than half (5/8) were before surgery. Also, the detection rate in peripheral blood
PCR-positive only after surgery (see Table 4). Furthershowed an increase with the stage of disease as well as in
patient 19, mentioned above, whose peripheral blood speenesenteric venous blood (see Tables 1 and 4). One possible
imen showed a change from negative to positive duringexplanation is tumor dissemination as a result of systemic
surgery, developed liver metastases 11 months after sudisease, and probably as a result of intermittent shedding
gery. This might hint that surgical manipulation inducedand sampling errors a positive result was obtained only
hematogenic tumor cell dissemination through the bloodbefore surgery. Even in the early stage of solid cancer,
stream. This is supported by animal studies, where it wasumor cell dissemination is considered a systemic dis&ase.
reported that surgical manipulation caused tumor cell disTherefore, we also must keep in mind the possibility of
semination into the bloodstreaffand recent studies with detection not only from surgical manipulation but also from
PCR technique where a change from a negative to a positivedvanced disseminated systemic disease.
result during surgery was reportéd®?°*°These molecu- Our results demonstrate at the molecular level the prog-
lar-level findings show tumor cell dissemination and thenostic value of testing the mesenteric venous blood, and the
significance of “no-touch” isolation techniques. However, probability that cancer cell dissemination is enhanced by
because of the small number of patients with changes isurgical manipulation. This is the first comparative analysis
CEA and cytokeratin 20 positivity in the peripheral blood in of paired mesenteric venous blood and peripheral blood
this study, more patients will be necessary to draw conclu{before and after surgery) from the same patient. However,
sions. However, two patients showed a positive result onlya study with long-term follow-up in a larger patient popu-
lation is required to confirm the clinical usefulness of our

results.
Table 6. RISK FACTORS AFFECTING
SURVIVAL RATE BY MULTIVARIATE References
ANALYSIS IN PERIPHERAL .
BLOOD SPECIMENS 1. Goldberg RM, Fleming TR, Tangen CM, et al. Surgery for recurrent
colon cancer: strategies for identifying resectable recurrence and suc-
Parameter Hazard Ratio P cess rates after resection. Eastern Cooperative Oncology Group, the
North Central Cancer Treatment Group, and the Southwest Oncology
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ég: 8??5’1 ?252 2. Japanese Research Society for Cancer of the Colon and Rectum.
Serosal invasion 9.682 125 Multi-Institutional Registry of Large Bowel Cancer in Japan. Vol 11.
Lymph node metastasis 7.078 .163 O_saka; 1995. ) ) o
Lymphatic invasion 2000 631 3. Fisher ER, Turnbull RB Jr. The cytolgglc demonstran_on an_d S|gn|f_|-
Venous invasion 1117 931 cance of tumor cells in the mesenteric venous blood in patients with
Histologic type 2131 627 colorectal carcinoma. Surg Gynecol Obstet 1955; 100:_102—108.
Detection of CEA and CK20 3.338 353 4. Griffiths JD, McKinna JA, Rowbotham HD, et al. Carcinoma of the
MRNA together colon and rectum: circulating malignant cells and five-year survival.

Cancer 1973; 31:226-236.
5. Kashitsuka T. Clinical and experimental studies on metachronous liver

CEA, carcinoembryonic antigen; CK20, cytokeratin 20. ) ) .
metastasis of colorectal cancer Il: Tumor releasing effects by intraop-
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