Table 2. Incisional SS1, Organ or Space SSI and Omer
. Postoperative Infectious Diseases

- No. (%) of Patlents -

I B
Single-Dose

. . Group 3-Dose Group P
Complication - (n 190) (n = 187) - Value
Incisional SSt 27 (14.2) 8 (4.3) . .009
Organ or space SSI 5(2.6) 9(4.8) .26
Other 12 (6.3) 9(4.8) .52
Total 40 (21.1) 24 (12.8) .03

Abbreviation: SSI, surgical site infection.

group than in the single-dose group, other patient char-
acteristics, including sex, tumor site (colon or rectum),
type of surgery (conventional or laparoscopic), opera-
tive time, and operative blood loss, were identical.

SSI AND OTHER POSTOPERATIVE INFECTIOUS
DISEASES AND COMPLICATIONS

The incidence of incisional SSI was significantly higher in
the single-dose group (27/190 or 14.2%) than in the 3-dose
group (8/187 or 4.3%) (P=.009; Table 2). The total in-
cidence of incisional and organ or space SSIand other post-
operative infectious diseases in the single-dose group (40/
190 or 21.1%) was also significantly higher than in the
3-dose group (24/187 or 12.8%) (P=.03). Among these post-
operative infectious diseases, the incidences of organ or
space SSI and other infectious diseases were similar be-
tween the groups, and only the inciderice of incisional SSI
differed significantly. The incidence of other postopera-
tive complications, mainly small-bowel obstruction, was
9.5% (18/190) in the single-dose group and 9.6% (18/
187) in the 3-dose group. The mean+SD postoperative
hospital stay was 12.5+7.4 days in the single-dose group
and 12.2+5.6 days in the 3-dose group. Postoperative
complications and hospital stay were identical between
the groups, with no statistically significant differences
(P=.96 and .66, respectively). However, the mean+SD
postoperative stay of the patients with incisional SSI
(n=35) was significantly longer than that of patients
without incisional SSI (n=342) (14.629.3 and 12.1+6.2
days, respectively; P=.03).

INCISIONAL SSI IN SUBSETS

Because only the incidence of incisional SSI differed sig-
nificantly between the groups, this variable was examined
in subset analysis. In every subset except for laparoscopic
surgery, the incidence of incisional SSI was significantly
higher in the single-dose group than in the 3-dose group
(Table 3). Although the difference in the incidence of in-
cisional SS1 was not significant in the laparoscopic sur-
gery subset, a large difference was found between the groups:
9.8% in the single-dose group and 1.9% in the 3-dose group.
A multivariate analysis that examined age, sex, tumor site,
operative time, operative blood loss, and type of surgery
showed that antibiotic dose was the only significant factor
associated with incisional SSI (P=.002).

Table 3. Incisional Surgicat Site Inlectiuns
in Patient Subsets
.No. {%) of Patients
‘ ISIngle-Dnse . g
: ' Group 3-Dose Group P
Characteristic {n=190) (n=187) Value
Age,y T
- =60 14/95 (14.7) 4/80 (5.0) .045
>60 13/95 (13.7) 4107 (3.7) .02
Sex ' :
Male 18/126 (14.3) 6/107 (5.6) .03
Female 9/64 (14.1) 2/80 (2.5) .01
Tumor site ) .
Colon 15122 (12.3) 6/119 (5.0) 046
Rectum - 12/68 (17.6) 2/68 (2.9) .009
Type of surgery . o
Conventional 21/129 (16.3) 7133 (5.3) .04
Laparoscopic 6/61 (9.8) 1/54 (1.9) a2
Operative time : :
=3h 14/104 (13.5) 6/123(4.9) . .02
>3h 13/86(15.1) 2/64 (3.1) 02
Operative blood loss
=200 mL 19/152 (12.5) - 7/152 (4.6) .01
>200 mL 8/38 (21.1) 1/35 (2.9) .03

B COMMENT

Many studies'*'® have shown that prophylactic antibi-
otics are essential for patients undergoing elective colo-
rectal surgery. If prophylactic antibiotics are not used in
colorectal surgery patients, the reported incidence of in-
cisional SSI is 30% to 50%.'""'® After the efficacy of oral
antibiotics was initially proven,'! oral, intravenous, or oral
plus intravenous antibiotics were adopted, and the inci-
dence of incisional SS} improved to approximately 5%
to 20%. A meta-analysis' confirmed that the use of pro-
phylactic antibiotics is effective for prevention of inci-
sional SSI after colorectal surgery. In this analysis, there
were no significant differences between single-dose and
multiple-dose regimens, and oral antibiotics gave no added
value when appropriate parenteral antibiotics were ad-
ministered. However, in many single-dose vs multiple-
dose trials, metronidazole was used, and the incidence
of incisional SSI for the single-dose regimen was the same
as that for the multiple-dose regimen.”'"'? In trials with-
out metronidazole, the number of trials was limited, and
the difference between the incidence of SSI for the single-
dose regimen and that for the multiple-dose regimen was
unclear.””?! Moreover, a single-dose regimen of ceph-
alosporin without metronidazole was associated with a
higher incidence of incisional SSI than a metronidazole
regimen.” The incidence of incisional SSI for a single-
dose regimen of cephalosporin without metronidazole was
10% to 15% and that for a single-dose regimen of ceph-
alosporin with metronidazole was 5% to 10%. There-
fore, single-dose cephalosporin without metronidazole
has not been proved to be an ideal prophylaxis for pa-
tients undergoing colorectal surgery. These findings
prompted us to perform the present trial.

Our study clearly showed that 3-dose administration of
the second-generation cephalosporin cefmetazole was sig-
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nificantly more effective for prevention of incisional SSI than
single-dose administration. This phenomenon was ob-
served in every subset, including age (=60 years or >60
years), sex (male or female), tumor site (colon or rec-
tum), type of surgery (conventional or laparoscopic), op-
erative time (=3 hours or >3 hours), and operative blood
loss (=200 mL or >200 mL). Therefore, our finding was
not considered to be the result of chance. Because the in-
cidence of incisional SSI in the 3-dose group was 4.3%,
which was compatible with the incidence for the single-
dose regimen of cephalosporin with metronidazole,*?-71
3-dose administration of cephalosporin without metroni-
dazole should be considered as one of the options for pre-
vention for SSI in patients undergoing colorectal surgery.

This trial was not a double-blind study. Although
double-blinding is ideal, placebo is expensive and was
not used in this study. Because of this, every surgeon in
charge was easily aware of the allocation and therefore
could not be a blinded observer. One solution is to pre-
pare a blinded observer to document the occurrence of
infectious diseases. Because the blinded observer needs
to be a physician or a nurse who is unaware of the na-
ture of the trial, which was difficult in the present mul-
ticenter trial setting, an attending surgeon was asked to
examine patients for infectious diseases in this trial.

The disadvantage of oral antibiotics is their adverse ef-
fects. Preoperative oral antibiotics increase the incidences
of gastrointestinal symptoms, including nausea, vomit-
ing, and abdominal pain,® and of C difficile colitis.” The lat-
ter is a well-known complication of colorectal surgery and
is thought to be caused by mechanical cathartic agents and
oral antibiotics, which diminish the variety of intralumi-
nal bacteria and predispose the colon to C difficile coloni-
zation. A previous study’ found that the incidences of C
difficile colitis in colorectal surgery patients who received
oral antibiotics and in those who did not were 7.4% and
2.6%, respectively, the difference in incidence being sig-
nificant (P =.03). In our study, C difficile colitis occurred
in only 2 patients in the 3-dose group (1.1%) and in none
of the patients in the single-dose group. A randomized com-
parative study? of 137 patients undergoing elective colo-
rectal surgery for carcinoma and receiving oral, systemic,
and intraluminal antibiotics found no significant differ-
ences in the incidence of incisional SS1 among the 3 groups,
and the oral antibiotic regimen induced a greater change
in the intestinal flora and was associated with more fre-
quent postoperative diarrhea. Recently, the role of me-
chanical bowel preparation in lowering the incidence of
postoperative infectious complications has been ques-
tioned by several randomized trials.” These data also in-
dicated that use of oral antibiotics may not offer addi-
tional advantages over parenteral antibiotics. In fact, a

‘recent survey of members of the American Society of Co-
lon and Rectal Surgeons indicated that more than 50% of
the respondents were skeptical about the usefulness of
oral antibiotics.?

To be effective against SSI, the level of antibiotics in
the tissue around the surgical site should be sufficient at
the time of bacterial contamination.?** Cephalosporin ex-
hibits a time-dependent antibacterial action, and the thera-
peutic effect is maintained when the level of the antibi-
otic exceeds the minimum inhibitory concentration for

the target pathogen. A pharmacokinetic study? of cef-
metazole showed that additional doses were unneces-
sary for surgery that lasted less than 3 hours from the
time of initial administration, because the tissue con-
centration at wound closure exceeded the minimum in-
hibitory concentration against Staphylococcus aureus and
Escherichia coli. Therefore, we analyzed the relation-
ship between incisional SSI and operation time. In our
study, the incidence of incisional S51 in the 3-dose group
was lower even in patients whose surgery lasted 3 hours
or less than that in the single-dose group. This result in-
dicated that postoperative administration of cephalo-
sporin was important even for short operations.

Because the length of surgery is reported to be an im-
portant factor in SS1,25%8 an additional dose of antibiot-
ics is recommended during operations that exceed the
time during which the therapeutic level of antibiotics is
lower than the minimum inhibitory concentration.? Logi-
cally, maintaining the therapeutic level of antibiotics dur-
ing surgery is important for prevention of $51.2 In this
study, the incidence of incisional SS1 did not change in
patients whose operations lasted more than 3 hours, even
in the single-dose group. Therefore, the efficacy of an ad-
ditional dose of antibiotics in patients undergoing colo-
rectal surgery that lasted more than 3 hours should be
examined in a randomized study.

Because the incision in laparoscopic surgery is shorter
than that in conventional open surgery, the former is con-
sidered to have a lower incidence of incisional SSI.?° In
our study, the incidences of incisional SSI in patients un-
dergoing laparoscopic surgery were 9.8% and 1.9% and
those in patients undergoing open surgery were 16.3%
and 5.3% in the single-dose group and 3-dose group, re-
spectively. The incidence of incisional SSI associated with
laparoscopic surgery was thus lower than that in con-
ventional surgery, although the difference was not sta-
tistically significant.

Other patient characteristics, including age, sex, and
operative blood loss, did not affect the incidence of in-
cisional SSI. Among these factors, blood loss is consid-
ered to be related to SSI, because blood loss reduces the
concentration of antibiotics. In fact, the incidence of in-
cisional SSI in patients who lost more than 200 mL of
blood was 21.1% in the single-dose group; which was
higher than that in patients who lost 200 mL of blood or
less. However, no such difference was seen in the 3-dose
group, and the finding was not statistically significant.

Incisional SSI is generally associated with a pro-
longed hospital stay. Although the period of hospitaliza-
tion did not differ between the single-dose and 3-dose
groups, that for patients with incisional SSI was signifi-
cantly longer than for patients without. Therefore, pre-
vention of incisional SSI is important for reducing the
period of hospitalization and thus cost. Our results in-
dicate that a single dose of prophylactic antibiotics does
not always save costs.

In conclusion, if oral antibiotics and metronidazole
are not used for prophylaxis in patients undergoing co-
lorectal surgery, administration of the 3-dose second-
generation cephalosporin cefmetazole is significantly more
effective for prevention of incisional SSI than single-
dose antibiotic administration regardless of patient age,
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sex, tumor site, type of surgery, operative time, or op-
erative blood loss.
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Quantification of CD10 mRNA in Colorectal Cancer and
Relationship between mRNA Expression and Liver Metastasis
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Abstract. CD10 mRNA expression in colorectal cancer and
its relationship with cancer progression and prognosis were
investigated. Putients and Methods: CD10 mRNA was
quantified in 167 colorectal cancer and maiched normal
tissue samples using real-time polymerase chain reaction
(RT-PCR). The tumor to normal tissue (T/N) CD10) mRNA
ratio was compared with clinicopathological factors and
prognosis. Results: CD10 mRNA was overexpressed in 138 of
the 167 tumors in comparison with the maiched normal
tissues. T/N was higher in colon, pN1/pN2, stage III and IV,
und well- or moderately-differentiated adenocarcinoma than
in rectum, pNQ, stage I and 11, und poorly-differentiated or
mucinous adenocarcinoma, respectively. However, these
differences were not significant. T/N was not associated with

- prognosis. Conclusion: CD10 mRNA showed significantly
higher expression in tumor tissues than in matched normal
tissues. Although CD10 mRNA was associated with invasion
depth, lymph node status and TNM stage, it was not
associated with prognosis.

CD10 is a 100 kDa cell surface zinc metailoendopeptidase
-that was initially identified as the common acute
lymphoblastic leukemia antigen. Although CD10 is
commonly expressed on hematopoieteic cells and tumors, it
is also expressed in a variety of normal and tumor tissues.
Recently, several studies have shown an association between
CD10 expression and progression of various kinds of tumors
including gastric cancer (1-5), colorectal cancer (6-10),
pancreatic endocrine tumor (11), ovarian cancer (12),
cervical carcinoma (13), renal cell carcinoma (14, 15),
prostate cancer (16), breast cancer (17), non-small cell lung
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0045, Japan. Tel: +81 3 3542 2511, Fax: +81 3 3542 3815, e-mail:
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cancer (18), melanoma (19, 20), nasopharyngeal carcinoma
(21), oral cavity squamous cell carcinoma (22) and B-cell
lymphoma (23). Therefore, CD10 is considered to play an
important role in both normal and tumor tissues. We
recently demonstrated that CD10 protein expression in
colorectal cancer was significantly associated with liver
metastasis (10). This result prompted us to examine the
association between CD10 mRNA expression and liver
metastasis. In the present study, CD10 mRNA in colorectal
cancer tissues was quantified by real-time PCR in
comparison with matched normal tissues, and the
relationship between CD10 mRNA expression and
clinicopathological characteristics was examined.

Patients and Methods

Patients and tissues. Tumor tissue and adjacent normal tissues (10
cm away from the tumor) were obtained from 175 patients with
colorectal cancer between January 1995:and September 1996 at the
National Cancer Center Hospital, Tokyo, Japan, after informed
consent had been obtained. Among these, a total of 167 samples in
which CD10 expression was examined using the avidin-biotin-
peroxidase method with mouse monoclonal antibody 56C6
(Novocastra, Newcastle, UK) in our ‘previous study (10) were
investigated for CD10 mRNA quantification. Although in our
previous study >5% staining of tumor cells had been judged as
positive, in the present study we considered staining of >5% of
tumor and/or stromal cells as pusitive, because CD10 is also
expressed in stromal cells (7). Tissues had been obtained
immediately after surgery and stored frozen in liquid nitrogen until
RNA extraction. All surviving patients had been followed up for
more than 5 years, initially at 3-month intervals for 2 years and
then at 6-month intervals thercafter. Mcedian follow-up time was
7.9 years, and no adjuvant chemotherapy was given in this period.

RNA extraction and relative mRNA quantification. Total RNA was
extracted from the frozen tissues according to the procedure
described by Chomczyski and Sacchi (24). Randomly primcd
cDNA was synthesized from 1 pg of total RNA using a High-
Capacity cDNA Archive Kit in accordance with the manufacturer’s
instructions (Applied Biosystems, CA, USA). CD10 mRNA
expression was quantified using TaqMan gene expression assay and
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Figure 1. Distribution of CDI10 mRNA TIN. Mean T/N=standard
deviation was 20.89+ 75.80, range was 0.036 to 709.176.

a 7300 Real-Time PCR System (Applied Biosystems) in accordance
with the manufacturer’s instructions. The CD10 mRNA level in the
tumor was compared with that in matched normal mucosa after
standardization against 188 rRNA as an internal control gene (25).
The CD10 mRNA level was calculated using the formula: - A A Ct
(cycle threshold) (A Ct of tumor (CD10 Ct - 188 IRNA Ct) — A Ct
of matched normal tissue (CD10 Ct - 18S rRNA Ct)) to the power
two (2-4 8 Ct)_This valuc is the ratio of CD10 mRNA in thc tumor
relative to that in matched normal tissue (T/N).

Statistical analysis. T/N was compared statistically using Mann-
Whitney U-test. Survival rates were calculated by the Kaplan-Meier
method and survival curves were compared by the log-rank test.
Data differences between groups were considered statistically
significant at p<0.05.

Results

Patient characteristics and CD10 mRNA. The distribution of
CD10 mRNA T/N is shown in Figure 1. Mean
T/Nzxstandard deviation was 20.89+75.80, and the range
was 0.036 to 709.176. In 138 (83%) of the 167 tumors, T/N
was more than one, which meant that CD10 was
overexpressed in the tumor tissue compared with the
matched normal tissue. Patient characteristics and T/N are
shown in Table 1. T/N was higher in colon, pN1/pN2, stage
I and 1V, and well or moderately-differentiated
adenocarcinoma than in rectum, pNO, stage 1 and I1, and
poorly-differentiated or mucinous adenocarcinoma,
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Table 1. Patient clinicopathological characteristics and CD10 mRNA
(TIN).

Characteristic No. CD10 mRNA P
(n=167) (T/N+SD.)

Age (yr)
=< 60 71 25.39x79.97 0.645
60 < 96 17.57x72.81

Gender .
Male 99 19.77+64.88 0.881
Female 68 22.52+89.88

Tumor site
Colon 100 29.31+96.56 0.156
Rectum 67 8.33+14.04

Depth of invasion (pT)
pT1/pT2 127 11.98+17.37 0.333
pT3/pT4 105/34 22.68:£82.66

Lymph node status
pNO 76 9.81+14.88 0.847
pN1/ pN2 54137 30.14%101.11

Stage
111 19/49 9.60+15.16 0.996
/v 67/32 28.64+97.09

Tumor differentiation
Well/Modcrate 70/85 22.21+78.53 0.063
Poor/Mucinous 9/3 3.86:x4.30

Lymphatic invasion
Negative 60 19.03+66.30 0.643
Positive 107 21.94+80.92

Venous invasion
Negative 80 18.55+62.41 0.859
Positive 87 23.05+86.62

CD10 protein expression
Negative 83 5.33%5.65 0.003
Positive 84 36.64%105.35

respectively. However, these differences were not
significant. Because CD10 protein expression had been
examined in our previous study (10), T/N was compared
with CD10 protein expression, and was found to be
significantly associated.

Relationship between CD10 mRNA and liver metastasis.
Among the 167 patients, 32 had synchronous metastasis:
liver metastasis in 22 cases, peritoneal dissemination in 4,
lung metastasis in one, and distant lymph node metastasis
in 5. The remaining 135 patients who had no synchronous
metastasis underwent curative resection. Among these
patients, 41 suffered cancer recurrence, 20 of them
developing liver metastasis. The relationship between CD10
mRNA and metastasis is shown in Table H. There was no
significant relationship between CD10 mRNA and
metastasis including liver metastasis. Because the median
T/N was 4.55, the survival curves of patients with T/N =5
and of patients with T/N <5 were analyzed (Figure 2), but



Fujita et al: CD10 in Colorectal Cancer

Table I1. Relationship between CD10 mRNA and metastasis in colorectal
cancer patienis.

No. CD10 mRNA P
(n=167) (T/N=S.D.) -
Liver metastasis
Negative 125 18.65+61.20 0.873
Positive 42 27.56+108.96
All metastases
Negative 94 20.13+69.11 0.886
Positive 73 21.87+84.12

there was no significant difference between the groups.
There were also no significant survival differences according
to clinical stage (data not shown).

Discussion

We have recently demonstrated that CDI10 protein
expression in colorectal cancer cells was significantly
associated with liver metastasis and that CD10 protein
expression was an independent predictor of liver metastasis
(10). Yao er al have also demonstrated a significant
association between CD10 protein expression and liver
metastasis from colorectal cancer (8), and other reports
have indicated a relationship between CD10 protein
expression and the development and progression of
colorectal cancer (7, 9). These results prompted us to
examine the association between CD10 mRNA expression
level and liver metastasis using real-time PCR. Although
CD10 mRNA in tumor tissues was higher than that in
matched normal tissues in more than 80% of colorectal
cancers and was associated with tumor progression, there
was no significant relationship between the level of CD10
mRNA expression and metastasis, including liver metastasis.
This suggested that CD10 niight. play an important role in
tumorigenesis and tumor progression and that measurement
of CD10 mRNA in colorectal cancer tissues is not useful as
a predictor of liver metastasis.

In this study, the level of CD10 mRNA was higher in
pNland pN2 tumors than in pNO tumors, and was also
higher in stage 111 and TV tumors than in stage T and 11
tumors. These facts suggested that the CD10 mRNA level
was associated with tumor progression. Many previous
studies have demonstrated that overexpression of CD10
protein is associated with tumor progression (1-5, 7-11, 15,
17, 19-22) and with tumor proliferation and microvascular
density (11), thus indicating that CD10 plays an important
role in tumor progression. Although the actual function of
CD10 in tumors is not known, it is a cell surface
metalloendopeptidase with structural similarity to matrix

1.0 ] U
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€ 04 -
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Figure 2. Survival curves for patients with TIN25 or TIN<S. There was
no significant difference between the groups.

metalloprotease, and is capable of degrading a number of
bioactive peptide and cytokines. Therefore, CD10 at the
tumor cell surface and in the areas adjacent to tumor glands
is considered to activate or inactivate tumor-related
substances and to create a microenvironment that facilitates
tumor cell invasion and metastasis. On the other hand,
several studies have demonstrated an association between
reduced expression of CD10 and tumor progression in
lymphoma (23}, and renal cell (14),:lung (18), prostate (16),
ovarian (12) and cervical cancer (13). Tumorigenesis and
proliferation are inhibited (12,13), and apoptosis is induced,
by CD10 (23). When CD10 expression is reduced in a
tumor, loss of these functions of CD10 was considered to
promote tumor progression. Because these tumors arise
from tissues that normally express CD10, loss of CD10 in an
advanced cancer may be explained in terms of
dedifferentiation during tumorigenesis. On the other hand,
CD10 expression in tumors that arise from normal tissues
without CD10 expression probably represent a phenomenon
acquired during tumorigenesis and is considered to be
associated with tumor progression. Colorectal cancer
acquires CD10 expression during tumorigenesis because it
is not expressed in normal colorectal mucosa or stroma.
CD10 protein is reportedly expressed even in tumor
stroma (5, 7, 11, 17, 20-22). In colorectal cancer, CD10
protein is expressed both in tumor and stromal cells (6, 7).
A similar pattern has been reported in gastric cancer (1,
5), melanoma (19, 20) and pancreatic endocrine tumor
(11). CD10 expression in tumor and/or stromal cells was
associated with tumor progression, except in pancreatic
endocrine tumor. In the present study, because CD10
mRNA was extracted from both tumor and stroma, it was
quantified in both tissues as a whole, and there was no
clear relationship between CD10 mRNA expression and
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liver metastasis. CD10 protein expression in tumor cells
has been shown to be significantly associated with liver
metastasis (8, 10). Therefore, CD10 mRNA in tumor cells
might be associated with liver metastasis. Further
investigation will be necessary to clarify the relationship
between CD10 mRNA in tumor cells and colorectal cancer
liver metastasis.

CD10 mRNA expression was higher in colon cancer than
in rectal cancer. Because CD10 is expressed in the brush
border of the small intestine (6), colon cancer is considered
to have a higher tendency to differentiate to the small
intestine than rectal cancer. In gastric cancer, phenotypic
differences have been associated with prognosis and the
pattern of recurrence (1, 3). These facts suggest that there
are biological and oncological differences between colon
and rectal cancer.

The level of CD10 mRNA was higher in well- or
moderately-differentiated adenocarcinoma than in poorly
differentiated or mucinous adenocarcinoma. However,
CD10 mRNA expression in poorly differentiated or
mucinous adenocarcinoma is still higher than in normal
mucosa. On the other hand, CD10 protein is reportedly
undetectable in poorly-differentiated adenocarcinoma (6,
26). This suggests that the expression of CD10 mRNA is not
directly associated with protein production and that post-
transcriptional regulation plays an important role in protein
expression in cancer cells. This is one of the reasons why
liver metastasis was associated with CDI10 protein
expression and not with CD10 mRNA

In conclusion, CD10 mRNA shows significantly higher
expression in tumor tissue than in matched normal tissue.
Although CD10 mRNA js associated with depth of invasion,
lymph node status and TNM stage, it is not associated with
liver metastasis, any type of metastasis, or prognosis.
Therefore it seems that CD10 mRNA extracted from tumor
tissues might not be useful as a predictor of liver metastasis
or a prognostic marker.
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{C-11] choline positron emission tomography ([C-11] choline PET) has been expected to be
one of the new PET modalities similar to [F-18] fuluorodeoxyglucose positron emission
tomography (FDG-PET), which has spread worldwide as a gold standard of PET oncologic
imaging. However, there has been no report on [C-11] choline PET used for detection of
colorectal cancer, which is one of major targets of oncologic FDG-PET. We initiated the
research to investigate the detectability of [C-11] choline PET for various tumors including color-
ectal cancer. This is the first report of a patient who underwent surgical resection for advanced
colon cancer depicted by [C-11] choline positron emission tomography/computed tomography.

Key words: radiology-PET — diagnostic radiology — Gl-colorectum-basic

INTRODUCTION

[C-11] choline positron emission tomography ({C-11] choline
PET) has been expected as a new PET modality and reported
to be useful for the detection of various tumors, such as brain
tumor, lung cancer, esophageal cancer, prostate cancer, gyne-
cological cancers, and bone and soft tissue sarcomas (1—6).
We started the research in our institution on September 1,
2005 to clarify not only the detectability of [C-11] choline
PET for various tumors but the mechanism of choline
accumulation to cancer cells, which is approved by the
Institutional Review Board. Here we report a successful detec-
tion of an advanced colon cancer by [C-11] choline PET,
which seems to be the first case, and discuss the possibility of
application of [C-11] choline PET to colorectal cancer.

CASE REPORT

A 50-year-old woman presented with melena and abdominal
discomfort. The colonoscopy showed the elevated lesion in
the sigmoid colon (Fig. 1). From endoscopic findings this
tumor was diagnosed as type 1 advanced colon cancer with
invasion into the subserosa. Pathologic diagnosis by

For reprints and all correspondence: Takashi Terauchi, Division of Cancer
Screcning, Rescarch Center for Cancer Prevention and Screening, National
Cancer Center, Tsukiji, Chuo-ku, 104-0045, Tokyo, Japan. E-mail:
tterauch(@ncc.go.jp

specimen of biopsy was well-differentiated adenocarcinoma.
The computed tomography scan of the thorax, abdomen and
pelvis revealed the thickening in the wall of the sigmoid
colon and enlarged uterus suspected of leiomyoma. No
specific enlarged lymph nodes and no definite metastases
including the liver were detected. A whole body [C-11]
choline positron emission tomography/computed tomography
(PET/CT) was performed with the written informed consent
to participate in this research approved by the Institutional
Review Board. Emission scans from the skull to the mid
thigh were obtained starting 14 min after intravenous injec-
tion of 444MBq of [C-11] choline, which was synthesized
with a commercial module essentially using the method
described by Hara and Yuasa (7). [C-11] choline PET
images showed abnormal prominent uptake in the middle of
the abdomen (Fig. 2a and c). The maximal standardized
uptake value (SUV) of this uptake was 6.97. This uptake
was suspected to correspond to the sigmoid cancer.
However, there was another strong accumulation close
to this uptake, suspected to be physiological accumulation
to the small intestine (Fig. 2c). It was not so easy to differen-
tiate between these uptakes only by PET images. Fused
PET/CT images could show clearly that one prominent
accumulation corresponded to the thickening in the wall of
sigmoid colon in CT images (Fig. 2d). Low abnormal uptake
was observed in the pelvic space, which corresponded to
myoma uteri. There was no other abnormal accumulation in

(© 2007 Foundation for Promotion of Cancer Research
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Figure 1. Endoscopic finding. Elevated lesion can be seen. Morphologic
diagnosis is advanced colon cancer, type 1. Biopsy revealed well-
differentiated adenocarcinoma.

the whole body (Fig. 2a). The patient underwent surgical
resection of sigmoid colon and simple hysterectomy.
Pathology revealed well-differentiated adenocarcinoma
invading the subserosa with two metastatic lymph nodes in
N1 group (2/30), which was stage Illa according to TNM
classification (8). These two metastatic lymph nodes were
less than 10 mm in diameter and diagnosed as normal lymph
nodes on CT images. Lymph node metastases were not
detected by [C-11] choline PET. Pathology of the uterus
revealed multiple leiomyomas. The patient received adjuvant
chemotherapy with 5-FU and leucovorin, and was discharged
13 days after surgery.

DISCUSSION

[C-11] choline has been considered as a new PET radio-
phamaceutical for tumor detection since Hara et al. reported
the usefulness of [C-11] choline PET for detection of brain
tumor in 1997 (1). Choline is one of the components of
phosphatidylcholine, an essential element of phospholipids
in the cell membrane. Malignant tumors usually exhibit a
high proliferation of cells and thus are associated with
increased metabolism of cell membrane components. This
biochemical background will lead to an increased uptake
of choline to the cancer cells (9,10). Moreover, it is assumed
that, whether tumor cells are in hypoxia or in normoxia,
the rate of [C-11] choline uptake in tumors is an indicator
of the tumor proliferation rate, whereas in [F-18] fuluoro-
deoxyglucose (FDG), tumor hypoxia is closely associated
with tumor uptake (11). In this view point, [C-11] choline
PET might detect malignancies at an earlier stage than
FDG-PET, which has spread worldwide as a gold standard
of PET oncologic imaging, although further investigation is

still needed. Compared with FDG-PET, [C-11] choline PET
has the advantage of providing a clear image at an earlier
period (5). In FDG-PET, patients have to wait for 60 min or
longer after tracer injection for tumor activity to reach the
peak count. With [C-11] choline, however, blood clearance
is rapid and tumor activity reaches a maximum at 3—5 min
after injection. The initial intense uptake remains at a nearly
constant level afterwards, thus enabling the high activity
ratio to remain for more than 30 min, compared with the
background. Another advantage of [C-11] choline PET is the
lower exposure dose, which is estimated at approximately
2.5 mSv/370 MBq in contrast with 7 mSv/370 MBgq for
FDG-PET (12). :

[C-11] choline PET has been reported to be useful for
the detection of various malignant tumors such as lung, eso-
phageal and gynecological caners, and bone and soft sarco-
mas, as well as FDG-PET (1—6). Furthermore, [C-11]
choline PET is reported to be superic}r to FDG-PET in the
detection of brain tumor and prostate cancer (1,4). Ramirez
de Molina et al. reported that choline kinase, which cata-
lyzes the phosphorylation of choline, |s upregulated in lung,
prostate and colorectal cancers (13). Therefore, [C-11]
choline is speculated to also detect colorectal cancer, which
is one of the major targets of FDG-PET. However, there
has been no report on [C-11] choline PET for detection of
colorectal cancer. This is because it is generally accepted
that {C-11] choline often accumulates in the small intestine
and/or colon mucosa, in which cell turnover is very rapid.
As a consequence, the various degrees of physiological
uptake obscure accumulation to the tumor, which is simi-
larly observed in FDG-PET (5). Hara reported that rectal
cancer was visualized with [C-11] choline PET (14). In our
case, abnormal [C-11] choline deposit to the sigmoid colon
could be detected, although there was physiological
accumulation to the small intestine near the cancerous
lesion. There was no other significant accumulation to the
colon. In our experience, physiological colon uptake of
[C-11] choline tends to be lower than accumulation in the
small intestine, whereas physiological colon uptake of FDG
is often so much higher than small intestine uptake that the
cancerous lesion cannot be depicted. That might be an
advantage of [C-11] choline PET in: colorectal cancer. It
might be due to the considerably rapid turnover of epitherial
cells in the small intestine, but the precise reason is
unknown, prompting further investigation. Tt is sometimes
confusing whether abdominal uptake is corresponding to the
small intestine or the colon on [C-11] choline PET images
as well as on FDG-PET images. In spch cases, fused PET/

. CT images give great assistance in diagnosing correctly the

location of abnormal uptake. Besides the detection of the
primary site, staging is another important role of oncologic
PET as an initial examination. There are some reports on
[C-11] choline PET as a staging procedure for prostate
cancer and bone and soft tissue sarcomas (15,16). In our
case, lymph node metastases could not be detected by
[C-11] choline PET. This was considered to be due to the
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Figure 2. (a) MIP image of [C-11] choline positron emission tomography. Abnormal uptake of [C-11] choline is observed in the middle of the abdomen
(arrow). There is no significant physiological uptake in the colon. (b—d) Coronal computed tomography (b), coronal positron emission tomography (c). coronal
co-registered positron emission tomography/computed tomography hybrid image (d). Thickening in the wall of the sigmoid colon is observed in the computed
tomography (b, arrow). Abnormal uptake of [C-11] choline is observed in the sigmoid colon corresponding to the wall thickening (c, d, arrow). Differentiation
between physiclogical uptake in the small intestine (c, d, arow head) and tumor uptake can be made by fused PET/CT images. PET, positron emission tomo-
graphy; CT, computed tomography.

size of the lymph nodes (less than 10 mm in diameter). [C-11] choline PET might be useful for detecting other
Hepatic metastasis, which is frequent in colon cancer, might metastases of colorectal cancer such as brain metastasis,
be hardly depicted by [C-11] choline PET because [C-11] pulmonary metastasis and bone metastasis with low back-
choline is observed physiologically in the liver. However, ground uptake.
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In summary, here we described a case of advanced
colon cancer. A whole body [C-11] choline PET/CT per-
mitted detection of the primary site. However, further
studies must be performed on staging, diagnosis for
recurrence and evaluation for effect of treatment to
confirm the usefulness of [C-11] choline PET for colo-
recatal cancer.
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Abstract

Background: The aim of this study was to evaluate
various clinical parameters that would influence the
occurrence of wound infection (WI) in elective laparo-
scopic surgery (LS) for colorectal carcinoma.

Methods: The study included 290 patients who under-
~went LS between June 2001 and December 2005. W1
was diagnosed within 30 days of the operation, and both
superficial and deep incision surgical site infection were
evaluated together.

Results: Eighteen (6.2%) were diagnosed with WI. Of
the infected patients, nine (50%) had W1 at the extrac-
tion site, six (33%) at the port site of the drainage tube,
and three (17%) at the supraumbilical incision. Fol-
lowing bivariate analysis, the variables of stoma crea-
tion, intraoperative hypotension, and length of
operation were selected for multivariate analysis as their
P values were <0.2, the predominant cutoff, and stoma
creation and intraoperative hypotension were indepen-
dently predictive of developing WI. Regarding the
duration of postoperative hospital stay, there was no
significant difference between patients with or without
WI.

Conclusions: Stoma creation and intraoperative hypo-
tension were independent risk factors for WI. The re-
sults obtained in this study should be considered in an
effort to prevent WI in LS for colorectal carcinoma,
although these risk factors need further evaluation.

Key words: Laparoscopic surgery — Colorectal carci-
noma — Wound infection

In elective open colorectal surgery for colorectal malig-
nancy, the most frequent complication is wound infec-
tion (WI) [14, 22]. It goes without saying that if WI
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occurs, hospital costs (increased length of stay, antibi-
otics, dressing supplies, and nursing charges) and out-
patient care (outpatient follow-up, self-dressing
supplies, and antibiotics) will increase, thus increasing
the total medical cost. In addition, it will delay the pa-
tient’s return to work, causing a social loss. For these
reasons, various risk factors possibly related to the
occurrence of W1 have been investigated mainly in cases
of elective open colorectal surgery for colorectal malig-
nancy [16-18].

In recently reported randomized controlled trials
(RCTs) that compared the oncological outcomes of
conventional open surgery (OS) versus laparoscopic
surgery (LS) in colorectal carcinoma cases, LS was
proven to be comparable to OS, and hence the number
of patients receiving LS is expected to increase in the
coming years [4, 12, 13]. In RCTs comparing OS versus
LS for colorectal carcinoma in terms of short-term
outcome that have been reported to date, the incidence
of W1 was 4-14% for LS versus 5-17% for OS; one third
of those reports showed a significantly lower incidence
of W1 for LS compared to OS, and the rest showed no
difference [2, 7, 8, 12, 13, 23]. As LS involves the
pneumoperitoneum with CO2 and delivery of the
intestinal tract through a small incision, risk factors
influencing WI occurrence in LS may be different from
those in OS; however, only a few studies to date have
investigated the risk factors related to the occurrence of
WI in cases of LS for colorectal carcinoma.

At our institution, after having accumulated enough

.experience in LS for early colon carcinoma, we have

gradually expanded the indications for LS. In June 2001,
a single laparoscopic surgical team instructed by one
surgeon (SY) began to perform LS, and postoperative
management procedures were standardized, and began
to expand the use of LS to include T3 colon/upper rectal
carcinoma and T1-T2 middle/lower rectal carcinomas.
As a consequence, the complication rate and mean
length of hospitalization have been reduced {26, 27).
The purpose of this study was to evaluate various
clinical parameters that would influence W1 occurrence



in LS by accumulating occurrences of WI in elective LS
cases via prospective entries at a single institution and
evaluating its risk factors.

Patients and methods

Between June 2001 and December 2005, we performed 290 consecutive
LS for selected patients with colorectal carcinoma. As the oncological
safety of LS in colorectal carcinoma patients remains to be established,
candidates for radical LS were patients who were preoperatively
diagnosed with T1 or T2. Additionally, we included patients who were
preoperatively diagnosed with T3 but wished to undergo LS, as well as
those with colon or upper rectal carcinoma for which palliative
resection was considered necessary. Contraindications for LS at our
institution included the following groups: tumors larger than 6 cm, a
prior history of extensive adhesions, severe obesity (body mass index
>32 kg/m?), intestinal obstruction, and patients who did not consent
to LS. We defined conversion to OS as any incision greater than 7 cm,
excluding cases in which the incision was enlarged due to a large
specimen that could not be removed through a 7 cm incision.

Patients underwent mechanical bowel preparation with 2 liters of
polyethylene glycol electrolyte solution one or two days before oper-
ation, and this decision differed according to the study period. Pre-
operative antimicrobial administration was given intravenously within
30 minutes before skin incision in all cases. Indications for postoper-
ative and intraoperative repeated dosing differed according to the
study period. Similarly, antimicrobial agents differed according to the
study period; however, the antimicrobial agent given intraoperatively
and/or postoperatively was the same antimicrobial prophylaxis given
preoperatively in all patients. ’

Our LS techniques have previously been thoroughly described [26,
27]. During the externalized portion of the surgery, a plastic wound
protector was applied to the abdominal extraction incision routinely.
Wound irrigation was not performed in this series. All wounds were
classified as clean—contaminated (bowel was opened without spilling
the contents).

WI was diagnosed within 30 days of the operation according to
the criteria of the Centers for Disease Control and Prevention (CDC)
[9]. Briefly, superficial surgical site infections only involve the skin and
subcutaneous tissue, whereas deep surgical site infections occur when
the incisional wound involves the muscle and fascial layers but not the
organ space. WI was characterized by wound erythema, cellulitis,
localized pain, swelling, tenderness, or purulent or culture-positive
wound discharge. All the patients visited outpatient clinic about three
weeks after the day of discharge, and their wound conditions were
checked. Superficial and deep incision surgical site infections were
evaluated together under the umbrella term of W1 [17].

Patients’ theatre records were reviewed retrospectively. Other data
were prospectively recorded in the divisional database. The parameters
analyzed included: gender, age, body mass index, prior abdominal
surgery, smoking status, ASA classification [15], preoperative hemo-
globin, total protein, and hemoglobin Alc level. Pathological staging
was performed according to Dukes’ stage. Regarding the periopera-
tive/operative characteristics, operative time, antimicrobial prophy-
laxis administration, minimum body temperature and intraoperative
hypotension during surgery, intraoperative blood loss, presence or
absence of a drainage tube for -anastomoses, duration of drainage,
stoma creation, type of anastomosis, date of preoperative mechanical
bowel preparation, and postoperative hospital stay were analyzed.
Stoma creation included both patients with endocolostomy who
underwent laparoscopic abdominoperineal resection, and patients with
covering ileostomy.

Perioperative steroid and insulin use for comorbid conditions was
not evaluated because only three patients received perioperative steroid
and only 10 patients required insulin, and WI did not occur in these
patients. Similarly, the transfusion of cellular or plasma products was
not evaluated, because only two patients without WI received trans-
fusion in this series.

Statistical analysis was performed using Student’s (-test, Fisher’s
exact test, the chi-square test, and the Mann-Whitney U test, as
appropriate. Multivariate analysis was performed by logistic regression
methods using independent variables with a P value < 0.2 by bivariate
statistics. A P value of less than 0.05 was considered significant.
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Results

During the study period, 290 patients underwent elective
LS, and 18 (6.2%) were diagnosed with WI1. Of the in-
fected patients, nine (50%) had WI at the extraction site,
six (33%) at the port site of the drainage tube, and three
(17%) at the supraumbilical incision.

In bivariate analysis, patients were divided into those
with or without WI and compared. Patient demo-
graphics are summarized in Table 1. There were no
significant differences in baseline characteristics among
groups.

Perioperative/operative results are shown in Table 2.
All procedures were completed laparoscopically in this
series, and we consider our exclusion criteria for LS
(extensive adhesions and severe obesity) contributed to
this lower conversion rate. Only stoma creation was
significantly associated with the development of
WI. However, there was a trend toward developing W1
if the patient developed intraoperative hypotension
(P = 0.071) or the operation exceeded 240 minutes
(P = 0.123). Regarding the duration of postoperative
hospital stay, there was no significant difference between
the two groups (P = 0.131).

Following bivariate analysis, the variables of stoma
creation, intraoperative hypotension, and length of
operation were selected for multivariate analysis as their
P values were < 0.2, the predominant cutoff for inclu-
sion. Table 3 summarizes the results of multivariate
analysis, and stoma creation and intraoperative hypo-
tension were independently predictive of developing WI.

Discussion

This is the first investigation demonstrating stoma cre-
ation and intraoperative hypotension as independent
risk factors for WI in nearly 300 cases of colorectal
carcinoma undergoing LS. In this study, clinical
parameters that have conventionally been reported as
risk factors for WI were evaluated for cases of elective
LS for colorectal carcinoma. As a result, we found that
stoma creation and intraoperative hypotension were
independent risk factors. The results obtained in this
study should be considered in an effort to prevent WI in
LS for colorectal carcinoma, although these risk factors
need further evaluation. :

The incidence of W1 for LS in this study was 7.6%,
which is the same as in previous reports. In this series,
the indications for LS were limited as mentioned, but at
our hospital, the incidence of WI for OS is more than
10%, which is higher than that for LS. Regarding the
incidence of W1 in LS and OS, based on the National
Nosocomial Infections Surveillance System’s surgical
patient surveillance component protocol, CDC reported
that the incidence of WI after colon surgery was sig-
nificantly lower in the LS group than in the OS group
[6]. In RCTs comparing OS with LS for colorectal car-
cinoma in terms of short-term outcome that have been
reported to date, the incidence of WI was 4-14% for LS
versus 5-17% for OS; one third of those reports showed
a significantly lower incidence of WI for LS compared to
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Table 1. Correlation between wound infection and clinicopathologic features®

Wound infection

Positive Negative
(n = 18) (n=272) P value

Sex ratio (male:female) 13:5 153:119 224
Mean age 57.9 (35-73) 61.0 (30-88) 234
Mean body mass index (kg/mz) 23.0 (17.3-27.9) 23.0 (15.1-32.4) 1.000
Prior abdominal surgery (percentage) 3(16.7) 62 (22.8) 172
Smoking status 754

Nonsmoker 14 222 .

Smoker 4 50
ASA classification 455

ASA 1 13 165

ASA II 5 82

ASA 111 25
Mean preoperative hemoglobin (g/dL) 13.6 (12.2-154) 13.4 (8.0-16.4) .578
Mean preoperative total protein (g/dL) 7.1 (6.5-8.1) 7.0 (5.5-8.7) 313
Mean preoperative hemoglobin Alc (g/dL) 5.2 (4.6-5.9) 5.2 (3.1-9.5) 917
Dukes’ stage (n) 446

A 14 185

B 0 25

C 3 49

D ] 13
Location (n)

Colon:rectum 12:6 217:55 229
Laparoscopic colorectal procedures (n)

Ileocecal resection 1 28

Right hemicolectomy 2 52

Transverse colectomy 1

Left hemicolectomy 2

Descending colectomy 2 12

Sigmoid colectomy 4 91

Partial resection 5 30

Anterior resection with DST 4 49

Anterior resection with ISR-CAA 1 4

Abdominoperineal resection 2

Hartmann 1

Transverse-coloplasty pouch 3

Covering ileostomy 3 12

ASA, American Society of Anesthesiologists; DST, double-stapling technique;
ISR-CAA, intersphincteric rectal resection and handsewn coloanal anastomosis

08, and the rest showed no difference {2, 7, 8, 12, 13, 23}.
In addition, meta-analysis of these trials demonstrated a
significantly lower incidence for LS [1]. From the results
of these studies, the incidence of WI in LS is so far
considered to be lower than that of OS.

At the same time, there are some reports that, when
WI occurs, the treatment costs are significantly higher
for OS than LS [2]. In this study, even with W1, patients
undergoing LS did not require prolonged hospitaliza-
tion because of smaller wounds and were able to dress
their own wounds after being discharged. Even when WI
occurs in LS, the maximum range of the infected area
can only be 67 cm, which is a great advantage of LS.

To date, many studies have reported the immuno-
logical superiority of LS compared to OS [19, 25]. In our
LS series, after completing manipulation of the pneu-
moperitoneum with CO,, one port site is used to make a
skin incision as the extraction site, through which nec-
essary manipulations including tumor removal and
anastomosis are done, and immediately thereafter, we
close the wound to the fascia. Therefore, the extraction
site was usually open for a total of 20-30 minutes; the

procedure rarely requires more than 60 minutes. Con-
sequently, the net length of time during which a small
laparotomy wound is made is shorter in LS than in OS,
and this may possibly have a favorable influence on
wound healing after LS. Regarding the plastic wound
protectors used to prevent port site recurrence, Kercher
et al. [10] reported that a wound protector did not sig-
nificantly diminish the rate of WI at the extraction site;
however, it is currently unthinkable to perform LS for
malignant diseases without a plastic wound protector,
and the significance of plastic wound protectors in terms
of W1 may need to be investigated in benign diseases.
With regard to the risk factors for W1 in cases of
colorectal carcinoma, various parameters have been
evaluated in the past [16, 17, 18)]. In this study, those
many parameters were evaluated, and interestingly, we
found that stoma creation and intraoperative hypoten-
sion were the only independent risk factors. Although
there are some reports suggesting that stoma creation or
intraoperative hypotension are risk factors for WI in
elective open colorectal resections [11, 17, 20], the other
many parameters that have conventionally been re-



Table 2. Correlation between wound infection and perioperative/operative characteristics®
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Wound infection

Positive Negative .
(n = 18) (n = 272) P value

Length of operation 123

< 240 minutes 9 186 :

> 240 minutes 9 86
Antimicrobial prophylaxis administration

Single dosing:multiple dosing (intra- and post-operative) 11:7 176:96 .802

Intraoperative repeated dosing (LOO > 180 minutes) 2/14 (14.3%) 22/207 (10.6%) 653

First generation: second generation 6:12 92:180 1.000
Mean minimum body temperature (°C) 358 (34.9-36.7) 35.9 (34.5-37.4) .854
Intraoperative hypotension (SBP < 80mmHg) 7 54 071
Mean operative blood loss (mL) 64 (6-250) 61 (3-217) 839

- Drainage of anastomoses 17 268 276

Mean duration of drainage (days) 4.5 (0-8) 4.6 (0-8) 638
Stoma creation 4 14 019
Anastomosis 470

Double-stapling technique 8 123

FETE + Handsewn anastomosis 10 142

Handsewn per anum coloanal anastomosis 1 4
Colon preparation .380

One day before surgery 16 210

Two days before surgery 2 62 -
Median hospital stay (days) 8 (7-23) 8 (7-21) 131

LOO, length of operation; SBP, systoloic blood pressure; FETE, functional end-to-end anastomosis

® Values in parentheses are ranges unless indicated otherwise

Table 3. Multivariable analysis of factors affecting wound infection

Odds Confidence

Independent Predictors ratio  intervals P value
Stoma creation (yes/no) 5.275 1.196-23.263 .028
Intraoperative hypotension 3.171 1.099-9.147 .033

(SBP <80mmHg/SBP > 80mmHg)

SBP, systoloic blood pressure

garded as risk factors for WI were negative. Unfortu-
nately, we were unable to evaluate matters such as the
necessity of mechanical bowel preparation and the sig-
nificance of preoperative oral prophylaxis, because all
the patients underwent mechanical bowel preparation
without oral antibiotics. In recent years, the significance
of mechanical bowel preparation has been investigated
in RCTs, and there are increasing reports that
mechanical bowel preparation is not necessary; however
many of those trials investigated cases of elective OS [3,
16]. As to whether the same result would be obtained in
LS cases, further investigation is needed.

In this study, surgery was performed without oral
antimicrobial prophylaxis administration in all patients.
We do not administer oral antimicrobial prophylaxis in
either OS or LS, for fear that clostridium difficile colitis
or gastrointestinal symptoms including nausea, vomit-
ing, abdominal pain, and diarrhea might be caused by
oral antibiotics [5, 24]. In such cases, intravenous anti-
microbial prophylaxis administration is required, but
factors such as the type of antibiotic administered and
its dosing frequency may influence the occurrence of WI.
As the type of antibiotic used and its dosing frequency
vary according to the study period, the influence of these

factors was evaluated in this study. We found no dif-
ference in the incidence of W1 between single dosing and
multiple dosing as well as between the presence and
absence of intraoperative repeated dosing in cases with
an operative time of four hours or more. With regard to
the type of antibiotic administered, no difference was
seen in the incidence of WI between first and second
generation. Whether these items influence the occur-
rence of WI in LS cases is a question that requires fur-
ther investigation.

In addition, the significance of drainage tubes should
also be investigated. In our study, WI at the port site
through which a drainage tube was inserted accounted
for one-third of all WIs. Some reports say that drainage
tubes are not necessary in elective colorectal surgery
[21], but we leave drainage tubes in place for 4-5 days
after operation to obtain information on postoperative
bleeding and postoperative peritonitis associated with
anastomotic leakage. However, because of the low fre-
quency of these complications in LS, we now remove
drainage tubes as early as the second or third postop-
erative day. Further investigation is also required with
regard to the necessity of drainage tubes in LS.

The results of this study suggest the importance of
maintaining normotension intraoperatively to reduce
the incidence of WI, and we must recognize that this
variable needs to be further investigated [17]. Moreover,
if a stoma needs to be created, the port site should be
positioned away from the stoma site as far as possible,
and in patients with a created stoma, the wound may .
need to be completely covered with plastic film or other
material. On the other hand, if WI occurs, hospital costs
will be reduced by opening the wound early and man-
aging it with self-dressing gauze changes.
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In conclusion, as a result of our investigation into

cases of LS, we found that stoma creation and intra-
operative hypotension were independent risk factors for
WI. Various factors are related to the occurrence of WI.
It is necessary to further investigate risk factors for WI

n

LS cases so that efforts can be made to effectively

prevent WI by measures such as increasing the dosing
frequency of antimicrobial prophylaxis only in patients
at higher risk for WL
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PURPOSE: By defining perineural invasion of colorectal
cancer as invasion to Auerbach’s plexus, we examined the
usefulness of this pathologic finding as a prognostic factor.
METHODS: A total of 509 consecutive patients who
underwent curative surgery for pT3 or pT4 colorectal
cancer between May 1997 and December 2001 were
reviewed. All the surviving patients were followed for
more than five years. All the pathologic findings, including
perineural invasion, were described prospectively in the
pathology report forms. RESULTS: Perineural invasion was
detected in 132 of 509 patients (26 percent) and was
significantly associated with lymph node status, lymphatic
invasion, and venous invasion. Incidences of local and
systemic recurrence were significantly higher in patients
with perineural invasjon than in those without perineural
invasion. The disease-free survival of the perineural inva-
sion-positive group was significantly poorer than that of the
perineural invasion-negative group for Stages II and I
colon cancer, irrespective of the use of adjuvant chemo-
therapy. This improved disease-free survival also was seen
in patients with Stage II rectal cancer not treated with

adjuvant chemotherapy. There was a nonsignificant differ-

ence in disease-free survival for Stage I rectal cancer and
Stage III rectal cancer treated with chemotherapy, that of
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the perineural invasion-positive group being poorer. Multi-

" variate analysis showed that lymph node status, perineural

invasion, depth of invasion, and cancer site were significant
prognostic factors. CONCLUSIONS: Perineural invasion
defined as cancer invasion to Auerbach’s plexus is an
important prognostic factor for colorectal cancer. [Key
words: Colorectal cancer; Perineural invasion; Auerbach’s
plexus; Prognostic factor]

S everal reports have shown that perineural inva-
sion (PNI) is an important prognostic factor in
colorectal cancer™ and rectal cancer.®’ Therefore,
the colorectal working group of the American Joint
Committee on Cancer (AJCC) prognostic factors
consensus conference has classified PNI as category
IIA, which means that PNI has been extensively
studied biologically and/or clinically and is consid-
ered to have sufficient predictive value for outcome
to be noted in pathology reports.® However, be-
cause. many reports on PNI have been based on
retrospective studies, and PNI has not been clearly
defined, there is still no definitive conclusion about
the degree to which PNI is a prognostic factor,
especially in colon cancer. Therefore, in pathology
reports compiled at the National Cancer Center
Hospital from May 1997, we defined PNI as cancer
invasion to Auerbach’s plexus, because this feature is
a prominent and easily detectable type of PNI, and
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PNI was reported prospectively. Although we had
already reported that PNI was an important prognos-
tic factor,’® follow-up time in the previous study was
short and the number of patients examined was
small. In the present study, all surviving patients
were followed for more than five years and the
number of examined patients was larger than in our
previous study. Moréover, only pT3 or pT4 tumors
were examined in the present study, because PNI
was not found in pT1 tumors and was rare in pT2
tumors.

PATIENTS AND METHODS

Consecutive patients who underwent curative
surgery for pT3 or pT4 colorectal cancer at the
National Cancer Center Hospital between May 1997
and Dec 2001 were reviewed. Synchronous or
metachronous multiple cancers were excluded from
the analysis. One patient who died four days after
surgery because of anastomotic leakage and sepsis
also was excluded. A total of 509 patients were
examined. The patients were followed up at three-
month intervals for two years and at six-month
intervals thereafter. Tumor markers were examined
at every patient visit. CT scans of the liver and lung or
abdominal ultrasonography with chest x-ray were
performed at least every six months. Colonoscopy
was performed twice within five years after surgery.
All the surviving patients were followed for more than
five years. Fifty-one of 266 patients with Stage III
tumors received postoperative adjuvant chemothera-
py as part of a clinical trial. Adjuvant radiotherapy was
not used for rectal cancer during the study period.

Pathologic Examination

All the specimens were reviewed by two patholo-
gists (TS and YN). Perineural invasion was defined as
the presence of cancer cells inside the perineurium in
Auerbach’s plexus adjacent to the tumor front, and the
results and other pathologic findings were described
prospectively in the pathology report forms.

Statistical Analysis

Statistical analysis was performed by using the chi-
squared test. Survival rates were calculated by the
Kaplan-Meier method and survival curves were
compared by using the log-rank test. Cox propor-
tional hazards model was used for multivariate
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analysis. Data differences between groups were
considered statistically significant at P<0.05.

RESULTS
PNI and Clinicopathologic Characteristics

A representative case of PNI is shown in Figure 1.
Cancer cells invaded the perineurium in Auerbach’s
plexus. PNI was detected in 132 of 509 patients (26
percent). PNI and clinicopathologic characteristics of
the patients are shown in Table 1. PNI was signifi-
cantly associated with lymph node status, lymphatic
invasion, and venous invasion (P<0.01).

PNI in Relation to Recurrence and Survival

In colon cancer, the incidence of liver metastasis in
the PNI-positive group was significantly higher than
that in the PNI-negative group (P<0.01; Table 2). In
rectal cancer, the incidences of liver and lung
metastasis and local recurrence in the PNI-positive

_group were significantly higher than in the PNI-

negative group (P<0.01). The five-year, disease-free
survival rate in the PNI-positive group was 53
percent and that in the PNI-negative group was 80
percent (Fig. 2). Outcome was significantly poorer in
the PNI-positive group than in the PNI-negative
group (P<0.01). Disease-free survival rates were
examined according to tumor site (colon and rectum)

and Stage (Stages II and III). Disease-free survival in -

the PNI-positive group was significantly poorer than
that in the PNI-negative group for Stage II and III
colon cancer (P=0.02, 0.03, respectively) and Stage
I rectal cancer (P<0.01; Table 3, Fig. 3). Although
disease-free survival in the PNI-positive group also
was poorer than that of the PNI-negative group for
Stage II rectal cancer, the difference was not
statistically significant (P=0.21). Because 51 of 266
patients with Stage III tumors received adjuvant
chemotherapy, which is known to affect survival,
the effect of adjuvant chemotherapy on disease-free
survival was analyzed (Table 3). Patient survival in
the PNI-positive group was poorer. than that in the
PNI-negative group, irrespective of whether adjuvant
chemotherapy was given. Multivariate analysis of
PNI, lymph node status, depth of invasion, tumor
differentiation, lymphatic invasion, venous invasion,
tumor site, preoperative CEA, gender, age, and

~ adjuvant chemotherapy showed that lymph node

status, PNI, depth of invasion, and tumor site were
significant prognostic factors (P<0.01; Table 4).
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Figure 1. Representative PNI. a. Arrows shows cancer cells inside the perineurium in Auerbach’s plexus. This is a case
of massive PNI. b. Eighty percent of cases of PNi involve only slight invasion to Auerbach’s plexus. In this case, one or
two plexuses adjacent to the tumor front were invaded by cancer cells (arrow). Arrowhead shows Auerbach’s plexus
without cancer invasion. PNI = perineural invasion.

DISCUSSION

PNI has been reported to be a prognostic factor in
colorectal cancer,™ colon cancer, %
cancer.5"’ However, there is still no definitive
conclusion about the degree to which PNI is a
prognostic factor, especially in colon cancer, because
many of the previous studies of PNI were retrospec-
tive, and PNI was not clearly defined. Although many
of the reports did not define PNI, PNI was considered

and rectal’
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to be perineural cancer invasion within and outside
the bowel wall in some of them,"*®'* and only
extramural PNI was examined in other studies.”*%
We defined PNI as cancer invasion to Auerbach’s
plexus, and on this basis prospectively examined more
than 500 patients. Our findings clearly demonstrated
that PNI was a significant prognostic factor in pT3 or
pT4 colorectal cancer. Therefore, this study provides
strong evidence that cancer invasion to Auerbach’s
plexus is a prognostic factor for colorectal cancer.



