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(OS) of only 1 year [2-7]. Therefore, the development of
novel anticancer agents or strategies for treating AGC is
urgently required.

Human epidermal growth factor receptor 2 (HER2) is a
growth factor receptor that is overexpressed in approxi-
mately 10-30 % of gastric cancers [8, 9]. The main
function of HER2 is to mediate cell growth, differentia-
tion, and survival [10, [1]. Therefore, HER2-positive
tumors are expected to have more aggressive character-
istics than HER2-negative tumors. Numerous studies have
shown that HER2-positive breast cancer is associated with
a poor prognosis when compared with HER2-negative
breast cancer [11, 12]. Similarly, the prognostic value of
HER?2 status in gastric cancer has been evaluated in a
number of reports. Although recent studies of gastric
cancer have shown no impact of HER2 on survival [13,
14], the majority of the past studies have suggested that
HER2-positive gastric cancer was associated with a
poorer prognosis than HER2-negative gastric cancer [9,
15, 16].

Trastuzumab, a humanized monoclonal antibody that
targets HER2, has recently been shown to improve the
prognosis of HER2-positive AGC [17]. Combination
chemotherapy consisting of 5-fluorouracil (5-FU) or
capecitabine plus cisplatin with trastuzumab has shown a
significantly higher response rate (47 vs. 35 %,
P = 0.0017), a longer progression-free survival [PFS; 6.7
vs. 5.5 months; hazard ratio (HR) = 0.71, 95 % confi-
dence interval (CI) 0.59-0.86], and a longer OS (13.8 vs.
11.1 months; HR = 0.74, 95 % CI 0.60-0.91) than che-
motherapy alone [17]. This difference was more promi-
nent in patients with immunohistochemical staining
(IHC) of 3 + (IHC 3 +) or IHC 2 + plus positive gene
amplification according to fluorescence in situ hybrid-
ization (FISH) (16.0 vs. 11.8 months; HR = 0.65, 95 %
CI 0.51-0.83). The risk reduction achieved with trast-
uzumab is almost comparable to that found in a pivotal
study of breast cancer [18]. According to these results,
chemotherapy with trastuzumab is considered to be
standard chemotherapy for HER2-positive AGC. How-
ever, the question of whether trastuzumab improves the
prognosis of HER2-positive AGC patients to the levels
observed in HER2-negative disease still remains. HER2-
positive breast cancer patients who receive trastuzumab
have been reported to have a better prognosis (HR of
0.56) than women with HER2-negative breast cancer
[19].

The purpose of this study was to evaluate the impact of
HER? status and trastuzumab treatment on the prognosis of
patients with AGC. We evaluated the impact of trast-
uzumab on OS using a time-varying covariate (TVC)
analysis.
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Patients and methods
Patients

This retrospective study was designed to compare the OS
of HER2-positive and HER2-negative AGC patients who
received systemic chemotherapy. In this analysis, HER2
positivity was defined as IHC 3 + or IHC 2 + plus FISH
positivity, because these criteria were considered to be
indications for using trastuzumab by a subset analysis of
the ToGA trial [17, 20]. The following additional principal
inclusion criteria were used: the presence of histologically
proven, inoperable gastric cancer in patients who had
received systemic chemotherapy; an Eastern Cooperative
Oncology Group performance status (ECOG PS) of 0-2;
and sufficient bone marrow, liver, and renal function.

Between April 2005 and August 2011, 807 consecutive
patients with AGC received systemic chemotherapy at our
institution, 650 of whom met the inclusion criteria. Among
those 650 patients, 364 patients were evaluated for HER2
to screen them for the ToGA study or for trastuzumab
treatment, and these 364 patients were analyzed in this
study. Although trastuzumab had not yet been approved in
Japan at the time of our study, using trastuzumab for
HER2-positive patients was approved by our institution
based on the results of the ToGA study. We note that flu-
oropyrimidine (5-FU or the oral fluoropyrimidine S-1),
cisplatin, docetaxel, and paclitaxel were approved for use
and were consistently available throughout this period.
Written informed consent for the chemotherapy was
obtained from all of the patients.

Statistical analysis

We compared the OS according to HER2 status and
trastuzumab exposure by dividing the patients into three
groups (HER2-negative vs. HER2-positive treated with
trastuzumab vs. HER2-positive treated without trast-
uzumab). The OS was estimated from the date of systemic
chemotherapy initiation to the date of death or last known
date of survival. The vital status and disease status were
confirmed by checking the medical records from the date of
the last follow-up visit. In the cases that were lost to follow
up, the vital status was confirmed by the census record,
which is conducted annually at our institution. The median
OS rate was estimated by the Kaplan—-Meier method. The
baseline patient characteristics and exposure to each class
of chemotherapeutic agent, fluoropyrimidine (5-FU or oral
fluoropyrimidine), platinum agents (cisplatin or oxalipla-
tin), taxanes (docetaxel or paclitaxel), and irinotecan and
trastuzumab, were evaluated. Because other agents (mito-
mycin C or methotrexate) were also commonly used as
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salvage therapy at our institution, we also evaluated
exposure to these treatments. The disease progression
associated with each line of chemotherapy was measured
from the beginning of treatment to the date of disease
progression, as evaluated by the attending physician.

The differences in the OS of each group were evaluated
by univariate and multivariate analyses using a Cox pro-
portional hazards model and presented as an HR and a
95 % CI. A subset analysis was stratified by the charac-
teristics of the patients with significant differences in the
three groups. We also evaluated the association between
the exposure to each class of chemotherapeutic agent and
the OS using multivariate analyses, because differences in
exposure to agents other than trastuzumab may have con-
tributed to survival differences. Because the length of
exposure to each agent class varied over time (i.e., between
first-, second-, and third-line treatments), the analyses may
have been compromised by lead-time bias, which would
result in false-positive or false-negative associations
between a larger number of chemotherapeutic lines and
longer survival. To minimize this potential bias, the
exposure to each agent class was analyzed as a TVC. In
addition, because disease progression was the primary
reason for proceeding to the next line of chemotherapy,
tumor progression during each line of chemotherapy was
included in the TVCs. Each TVC was constructed as a step
function initially set at O and increased by 1 U each time
the corresponding event was observed. This method has
been used in several reports that have evaluated the impact
of drug exposure on survival [21-23].

Other variables considered in the multivariate analyses
were ECOG PS (0 vs. >1), gender, histological type (diffuse
vs. intestinal), age (< 65 vs. >65 years), previous gastrec-
tomy (no vs. yes), disease status (advanced vs. recurrent),
prior adjuvant chemotherapy (no vs. yes), presence of liver
metastasis (no vs. yes), presence of peritoneal metastasis (no
vs. yes), number of metastatic sites (1 vs. >2), and first-line
chemotherapy (monotherapy vs. combinations). The P values
for testing differences in the baseline characteristics of each
group were calculated with the i* test for homogeneity or
trend or with Fisher’s exact test.

The statistical analyses were performed using STATA
ver. 10 (Stata Corp LP, College Station, TX, USA). All of
the tests were two-sided, and P values less than 0.05 were
considered to be statistically significant.

Results
Patient characteristics

The patient characteristics according to HER2 status and
trastuzumab use are shown in Table 1. Among the HER2-

evaluated patients, 58 (15.9 %) were HER2-positive.
HER2-positivity was more frequently associated with
intestinal-type histology, liver metastasis, and lymph node
metastasis. By contrast, peritoneal metastasis was more
common in the HER2-negative patients than in the HER2-
positive patients (Table 1). Among the HER2-positive
patients, 43 received trastuzumab; 23 patients started it as
first-line therapy (9 of these patients were included in the
ToGA study) and 20 started it as second- or further-line
therapy. Among the patients who were treated with trast-
uzumab who were not in the ToGA study, 22 patients
continued with trastuzumab beyond the date of progres-
sion. The median duration of trastuzumab treatment in the
43 patients receiving this agent was 8.4 months (range 0.5
to 25 +), and 28 patients were still continuing with trast-
uzumab treatment at the time of this analysis. The fre-
quency of exposure to platinum agents tended to be higher
in HER2-positive disease, although no other significant
differences were observed between the 3 groups (Table 1).

Survival and multivariate analysis

The median follow up at the time of the analysis was
38.9 months. The median OS of the HER2-positive patients
(n = 58; 24.1 months; 95 % CI, 14.9-31.1 months) was
significantly longer than that of the HER2-negative patients
(n = 304; 13.9 months; 95 % CI, 12.7-16.1 months) by
univariate analysis (HR 0.68; 95 % CI, 0.46-0.99;
P = 0.045), although the difference was not significant in the
multivariate analysis (HR 0.67; 95 % CI, 0.44-1.02;
P = 0.067). The median OS of the HER2-positive patients
treated with trastuzumab (n = 43; 24.7 months; 95 % CI,
15.6-35.1 months) was significantly longer than that of the
HER2-negative patients (13.9 months), as verified by uni-
variate analysis (HR 0.57; 95 % CI, 0.36-0.90; P = 0.015,
Fig. 1) and multivariate analysis (adjusted HR of 0.58; 95 %
CI, 0.36-0.95; P = 0.03. By contrast, the HER2-positive
patients not treated with trastuzumab (n = 15) showed sur-
vival similar to that of the HER2-negative patients
(13.5 months; 95 % CI, 3.6 to not reached), as demonstrated
by univariate analysis (HR 1.11; 95 % CI, 0.58-2.08;
P = 0.76) and multivariate analysis (HR 1.04; 95 % CI,
0.52-2.11; P = 0.91). The subset analysis according to the
characteristics of selected patients demonstrated consistently
higher rates of survival among HER2-positive patients trea-
ted with trastuzumab than among HER2-negative patients,
with no significant heterogeneity (Table 2).

According to the multivariate TVC analysis, exposure to
trastuzumab was independently associated with an
improved prognosis (HR 0.56, 95 % CI, 0.33-0.93;
P = 0.026, Table 3). Additionally, exposure to fluoropyr-
imidine, taxanes, and irinotecan was associated with a
better prognosis, and exposure to platinum agents was
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Table 1 Patient characteristics

Characteristics HER2-positive patients HER2-positive patients not HER2-negative P value
treated with trastuzumab  treated with trastuzumab patients
(n =43, %) (n=15, %) (n = 306, %)
Age (years)
Median (range) 63 (30-78) 68 (45-80) 64 (30-93) 0.33
Gender 0.45
Male 28 (65) 12 (80) 196 (64)
Female 15 (35) 3 (20) 110 (36)
ECOG PS 0.52
0 23 (53) 7 (47) 123 (40)
1 17 (40) 6 (40) 149 (49)
2 3D 2 (13) 34 (11)
Histological type <0.001
Diffuse 12 (28) 4 (27) 217 (71)
Intestinal 31 (72) 11 (73) 99 (29)
Site of primary <0.001
tumor
EG junction 8 (19) 5(33) 28 (9)
Gastric 35 (81) 10 (67) 278 (91)
Disease status 0.49
Advanced 33 (77) 9 (60) 203 (66)
Recurrent 10 (23) 6 (40) 103 (34)
Previous 0.59
gastrectomy
No 26 (60) 8 (53) 160 (52)
Yes 17 (40) 7 (47) 146 (48)
Adjuvant 0.81
chemotherapy
No 34 (79) 13 (87) 248 (81)
Yes 9 (21) 2 (13) 58 (19)
Site of metastasis
Lymph node 27 (63) 12 (80) 145 (47) 0.01
Peritoneum 12 (28) 5 (33) 172 (56) 0.001
Liver 21 (49) 6 (40) 71 (23) 0.001
Number of 0.11
metastatic organs
1 15 (35) 8 (53) 174 (57)
2 or more 28 (65) 7 (47) 132 (43)
First-line CTx 0.03
Combination 35 (81) 12 (30) 192 (63)
Monotherapy 8 (19) 3 (20) 114 (37)
Initiation of CTx 0.1
2005-2007 10 (23) 8 (53) 96 (31)
2008-2011 33 (77) 7 (47) 210 (69)
Underlined P values are Exposure to agents
significant s
) Fluoropyrimidine 38 (88) 13 (87) 292 (95) 0.08
g’i’é‘f :‘;?;‘;fgjd;gmal growth b tinum 42 (98) 11 (73) 228 (75) 0.003
performance status, ECOG Taxane 33317 12 (80) 206 (67) 029
Eastern Cooperative Oncology Irinotecan 22 (51) 6 (40) 137 (45) 0.67
Group, CTx chemotherapy, EG Others 5(12) 17 49 (16) 0.49
esophagogastric
@ Springer
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associated with improved survival, although the signifi-
cance was borderline. By contrast, the other agents had no
impact on survival.

Discussion
In this study, we compared the OS in AGC patients

according to HER2 status and exposure to trastuzumab.
The OS of the HER2-positive patients who were treated

- HER2 negative (n=306)
—— HER2 positive with Tmab (n=43)
------ HER2 positive without Tmab (n=15)

0.75

Survival Probability
0.50

0.25

0.00

Survival (months)

Fig. 1 The median OS of the HER2-positive patients treated with
trastuzumab (n = 43; 24.7 months; 95 % CI, 15.6 to 35.1 months) was
significantly longer than that of the HER2-negative patients n = 306;
(13.9 months), as verified by univariate analysis (HR 0.57; 95 % CI,
0.36 to 0.90; P = 0.015) and multivariate analysis (adjusted HR of
0.58; 95 % CI, 0.36 to 0.95; P = 0.03). The HER2-positive patients
not treated with trastuzumab (n = 15) showed survival similar to the
HER2-negative patients (13.5 months; 95 % CI, 3.6 to not reached),
as demonstrated by univariate analysis (HR 1.11; 95 % CI, 0.58 to
2.08; P = 0.76) and multivariate analysis (HR 1.04; 95 % CI, 0.52 to
2.11; P = 0.91)

with trastuzumab was significantly longer than that of the
HER2-negative patients, with an adjusted HR of 0.58. This
result is similar to those observed in a large study of
patients with breast cancer in which a similar degree of risk
reduction was found [18]. In addition, the multivariate
TVC analysis in our study showed that trastuzumab had a
significant impact on OS. These results confirmed that
trastuzumab therapy improves the prognosis of HER2-
positive AGC patients beyond that of patients with HER2-
negative AGC.

In this study, the HER2-positive patients not treated
with trastuzumab showed survival rates similar to those of
the HER2-negative patients. By contrast, the majority of
previous studies have found poorer survival among patients
with HER2-positive gastric cancer than among patients
with HER2-negative tumors [9, 15, 16]. Most of these
studies have been based on retrospective analyses in a
single institution that combined patients with advanced-
stage cancer and those with resected gastric cancer.
Additionally, until the ToGA study, various definitions
were used to evaluate HER2 status. Recently, Janjigian
et al. [14] reported the results of a retrospective analysis of
HER?2 status among 381 patients who had enrolled in
several clinical AGC studies. The HER2-positive patients
(IHC 3 + or FISH +; n = 78) tended to have a better
prognosis than the HER2-negative patients (13.9 vs.
11.4 months), although a multivariate analysis showed no
impact of HER?2 status on survival [14]. Additionally, an
exploratory analysis of HER2 status in the AVAGAST
study showed similar median OS in the HER2-negative and
HER2-positive patients (10.5 vs. 9.8 months) who received
capecitabine or 5-FU plus cisplatin [24]. Combined with
our results, these findings suggest that HER2 status may

Table 2 Impact of HER2 and
trastuzumab use according to
selected backgrounds

Except for the stratifying
factors, the HRs were adjusted
for age, gender, ECOG PS,
disease status, prior
gastrectomy, adjuvant
chemotherapy, and the number
of metastatic sites

HR hazard ratio, CI confidence
interval

HER2-negative

HER2-positive

Treated with
trastuzumab
HR (95 % CI)

Not treated with
trastuzumab
HR (95 % CD

Histology
Diffuse
Intestinal
p-heterogeneity

Site of metastasis
Liver
Lymph node
Peritoneum
p-heterogeneity

Initiation of chemotherapy
Before 2008
After 2008
p-heterogeneity

1 (reference)

1 (reference)

1 (reference)
1 (reference)
1 (reference)

1 (reference)
1 (reference)

0.34 (0.12-0.99)
0.53 (0.28-1.03)
048

0.65 (0.28-1.51)
0.68 (0.34-1.36)
0.76 (0.32-1.83)
0.97

0.65 (0.27-1.59)
0.51 (0.25-1.06)
0.69

2.48 (0.67-8.90)
0.90 (0.35-2.28)
0.22

1.09 (0.24—4.74)
0.78 (0.32-1.78)
1.00 (0.28-3.57)
091

1.34 (0.56-3.24)
1.95 (0.25-15.27)
0.87
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Table 3 Results of the multivariate TVC analyses

Variable Multivariate analysis with TVC?*
HR 95 % CI P
Exposure to agents
Trastuzumab 0.56 0.33-0.93 0.026
Fluoropyrimidine 0.40 0.19-0.84 0.015
Platinum 0.63 0.38-1.03 0.06
Taxanes 0.37 0.25-0.57 <0.001
Irinotecan 0.47 0.33-0.67 <0.001
Other 0.85 0.55-1.38 0.39

Underlined P values are significant
TVC time-varying covariate, HR hazard ratio, CI confidence interval

? Adjusted by age, gender, ECOG PS, disease status, histology, prior
gastrectomy, adjuvant chemotherapy, presence of liver metastasis,
presence of peritoneal metastasis, number of metastatic sites, time of
initiation of chemotherapy, and tumor progression during each line of
chemotherapy

have a small impact on survival in AGC. In addition, recent
data from a large randomized study of resected gastric
cancer found that HER?2 status was not associated with the
OS or with relapse-free survival in either the group who
received surgery only or the group who also received
adjuvant chemotherapy [13].

Interestingly, the risk reduction or median survival with
trastuzumab treatment in our analysis was relatively better
than the results of a subset analysis among those patients
with IHC 3 + or IHC2 + plus FISH + in the ToGA study
[17]. Several possibilities may explain this difference.
First, the median exposure to trastuzumab in the ToGA
study was reported to be 4.9 months [17]. Although the
reasons for discontinuing the treatment were not reported
in detail, continuing with trastuzumab beyond progression
was not allowed in the ToGA study. By contrast, the
median duration of exposure to trastuzumab in our study
was longer (8.4 months). A number of patients who were
treated outside of the ToGA study continued with trast-
uzumab beyond progression because this strategy has been
found to contribute to improved treatment outcomes in
randomized studies of breast cancer patients [25, 26]. A
prospective study that evaluates the importance of trast-
uzumab beyond progression is warranted, as is further
evaluation of AGC patients in a randomized study. Second,
owing to the retrospective nature of the present study,
unblinded bias may have overestimated the treatment
effect. Regardless, our results reconfirmed the results of the
ToGA study, which demonstrated that a new effective
agent with the right target improved the prognosis of gas-
tric cancer. Additionally, other agents targeting HER2
(such as lapatinib, which has already been shown to be
effective in HER2-positive breast cancer) are under
investigation in AGC, and the results are awaited.

&) Springer

Itis important to note the methodological limitations of the
present study. First, not all of the patients in this study period
were evaluated for their HER?2 status. Thus, the analysis may
have been subject to some selection bias, although no sig-
nificant differences other than PS were observed between the
patients in the analysis and the patients not evaluated for
HER?2 status during the same period (data not shown). The
median OS of the patients not evaluated for HER2 was
13.0 months, which was similar to that of the HER2-negative
patients or HER2-positive patients not treated with trast-
uzumab in this analysis. Second, the study was a retrospec-
tive, non-randomized comparison of trastuzumab treatment
in patients evaluated for HER?2 status. Therefore, the differing
characteristics of the patients and the differing treatments
(other than with trastuzumab) in each group may have
affected the results. Because the use of trastuzumab and the
exposure to platinum agents differed between the groups, we
used the TVC analysis to adjust the exposure to agents and
comprehensively evaluate the impact of each agent class,
regardless of the treatment line. However, TVC analysis is
not necessarily adequate under the conditions of our study
because its validity may depend on the assumption of a strong
association between treatment selection at the time of the
events and the history leading up to the events [27]. Other
potential confounders, such as PS and the metastatic site,
were also considered in the multivariate analyses; owing to
the retrospective, non-randomized nature of the study, how-
ever, residual confounding effects caused by non-included
factors cannot be completely ruled out. Nevertheless, because
our survival results for the HER2-negative patients and the
HER2-positive patients not treated with trastuzumab were
quite similar to those of the ToGA trial and the results of other
randomized controlled trials, the effect of this selection bias
may have been small. Third, the small sample size and single-
center population are other major limitations of this study.

In conclusion, we found that introducing trastuzumab
improved the prognosis of HER2-positive AGC patients
beyond that of HER2-negative patients. Because other tar-
geted therapies are currently under study, more improvement
in the prognosis of HER2-positive AGC patients is expected.
Importantly, because HER2-positive patients are a minority
of AGC patients (with a prevalence of less than 20 %), further
investigation of other key AGC markers is warranted.
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Preservation of peritoneal fibrinolysis
owing to decreased transcription of
plasminogen activator inhibitor-1 in
peritoneal mesothelial cells suppresses
postoperative adhesion formation in
laparoscopic surgery

Manabu Shimomura, MD, Takao Hinoi, MD, Satoshi Ikeda, MD, Tomohiro Adachi, MD,
Yasuo Kawaguchi, MD, Masakazu Tokunaga, MD, Tatsunari Sasada, MD, Hiroyuki Egi, MD,
Kazuaki Tanabe, MD, Masazumi Okajima, MD, and Hideki Ohdan, MD, Hiroshima, Japan

Background. Postoperative adhesion formation is regulated by peritoneal fibrinolysis, which is
determined by tissue-type plasminogen activator (tPA) and plasminogen activator inhibitor-1 (PAI-1).
This study compared peritoneal fibrinolysis and adhesion formation after laparoscopic surgery (LAP)
and open surgery (OP).

Methods. We divided 154 male rats into 3 groups after cecal cauterization: Control, no treatment; LAF,
CO; pneumoperitoneum at 5 mmHg for 60 minutes; and OF, laparotomy for 60 minutes. Adhesions
were quantified at day 7. The activity and mRNA level of tPA and PAI-1 were determined by enzyme-
linked immunosorbent assay in plasma and peritoneal lavage and by real-time polymerase chain reaction
in peritoneal mesothelial cells from omentum. We also examined peritoneal fibrinolysis in human gastric
cancer patients treated with LAP (n = 14) or OP (n = 10).

Results. In the animal study, adhesion scores, PAI-1 activity in peritoneal lavage fluid, and PAI-

1 mRNA levels in peritoneal mesothelium were significantly greater in the OP group than the control and
LAP groups. In the human study, postoperative PAI-1 mRNA levels were significantly greater in the OP
group than the LAP group. Additionally, PAI-1 mRNA levels and subsequent adhesion formation were

induced by prolonged operative time in the OP group, but not the LAP group.

Conclusion. Preservation of peritoneal fibrinolysis owing to decreased PAI-1 expression at the
transcriptional level in peritoneal mesothelial cells is associated with suppression of postoperative
adhesion formation in LAP. PAI-'1 mRNA levels and subsequent adhesion formation were not induced
by prolonged operative time in LAP. These results highlight the less invasiveness nature of LAP. (Surgery

2013;153:344-56.)
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IN REGENT DECADES, LAPAROSCOPIC TEGHNIQUES have
been integrated into common surgical practices.
The benefits of laparoscopic surgery (LAP) in
comparison with open surgery (OP) include
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decreased pain, faster recovery, lesser hospital
stay, possibly decreased immunosuppression, and
decreased morbidity, such as small bowel obstruc-
tion.' Previous reports have investigated the influ-
ence of COy pneumoperitoneum on the human
body2; however, the effects of the lower invasive-
ness of LAP have not yet been fully determined.
Abdominal adhesion formation occurs in
67-93% of abdominal operations, representing a
substantial clinical and financial problem.? Postop-
erative adhesions have increased risk of long-term
sequelae, including small bowel obstruction,
chronic pain, infertility, and difficult reoperative
surgery.* Because laparoscopic procedures result
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in a more gentle manipulation of tissues, less
bleeding, and less contamination with foreign bod-
ies than conventional OP, as well as a smaller skin
incision, LAP has potential theoretic advantages
over OP in decreasing adhesion formation,”® but
very few comparative studies are available to dem-
onstrate this result.®

Substantial evidence indicates that formation of
adhesions after surgery is determined by the bal-
ance between deposition and degradation of fibrin
in the early phase of peritoneal tissue repair.**'*
Adhesions are formed when the peritoneum is
damaged and the basal membrane of the mesothe-
lial layer is exposed to the surrounding tissues.
This injury to peritoneum elicits a local inflamma-
tory response, which leads to the formation of
fibrin-rich exudates as part of the hemostatic and
traumatic process. In the presence of sufficient
peritoneal fibrinolytic activity, resolution of the fi-
brin strands occurs. If peritoneal fibrinolytic activ-
ity is suppressed, however, organization of the
fibrin matrix and cellular and vascular ingrowth
ensues, leading to fibrous bands between the struc-
tures. Fibrinolysis is activated mainly by the plas-
minogen activator (tPA) and is inhibited by
plasminogen activator inhibitor-1 (PAI-1) in the
peritoneal cavity, both of which are produced pri-
marily by peritoneal mesothelial cells.*'

Conventional abdominal surgery is accompa-
nied by a rapid decrease in peritoneal fibrinolytic
activity, which may lead to peritoneal adhesion
formation.'* Several studies have investigated the
alterations of peritoneal fibrinolysis during
LAP.'5' These reports indicated that peritoneal fi-
brinolysis was also disturbed by LAP, similar to con-
ventional OP. A few clinical studies have aimed to
clarify the difference in peritoneal fibrinolysis be-
tween OP and LAP; however, their results remain
controversial ****

Given this background, we hypothesized that
less impairment of peritoneal fibrinolysis after LAP
could explain the fewer adhesions compared with
OP. The aim of this study was to clarify the
peritoneal fibrinolytic activity and subsequent ad-
hesion formation after LAP compared with OP
using an animal model and in human patients.

MATERIALS AND METHODS

Animal study. Animals: The study was performed
using 8- to 10-week-old male F344 rats (CLEA
Japan, Tokyo, Japan) that weighed 180-250 g.
The animals were housed at a constant room
temperature with 12-hour light and dark cycles
and were provided standard rodent chow and
water ad libitum. The animal study was approved
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by the Hiroshima University Animal Care and Use
Committee.

Rat model of operative adhesion formation: All oper-
ative procedures were performed under sterile
conditions. We induced intestinal adhesion by
cecal cauterization as described previously."
Briefly, rats were anesthetized with subcutaneous
injection of 50 mg/kg pentobarbital sodium solu-
tion. The abdomen was shaved, and then laparot-
omy was performed with a 1.5-cm anterior
midline incision. The cecum was isolated and cau-
terized using the coagulation mode of bipolar for-
ceps (MERA; 30 W, 500 kHz) for 1 second at
1 point.

Obperative interventions: Rats were divided into the
following 3 groups after cecal cauterization: Con-
trol, LAP, and OP. In the control group, the
incision was closed immediately after cecal cauter-
ization without any other intervention. In the LAP
group, the abdominal incision was closed after
cecal cauterization. Subsequently, an 18-gauge in-
travenous catheter was inserted into the right
lower quadrant, and the peritoneal space was
insufflated with COg to a pressure of 5 mmHg
for 60 minutes using an automatic inflator (Olym-
pus, Tokyo, Japan). A pneumoperitoneum pres-
sure of 5 mmHg was selected for the
laparoscopic model, because a previous experi-
mental study demonstrated that 5 mmHg pressure
is the optimal pressure in a rat model to induce the
same physiologic changes seen in humans.”® An-
other 18-gauge catheter was inserted into the left
lower quadrant and connected to a water valve
and the insufflation of the gas was balanced with
its exit to maintain a constant pressure. At the
end of the operation, catheters were removed after
release of the inflated gas. In the OP group, the ab-
dominal incision was extended to 4 cm from the xi-
phoid to pubis after cecal cauterization, and
peritoneal cavities were exposed to the air for 60
minutes. Then, the abdominal incision was closed.
We also examined pneumoperitoneum or laparot-
omy for 30 and 120 minutes for both LAP and OP
groups to examine the influence of operative time.

Adhesion scoring: The rats were anesthetized and
killed 7 days after cecal cauterization, and the
abdomen was opened to assess adhesions. Each rat
was evaluated according to the following standard
scoring system, which has been used widely in this
field: 0, no adhesion; 1, one thin filmy adhesion; 2,
more than one thin adhesion; 3, thick adhesion
with focal point; 4, thick adhesion with plantar
attachment or >1 thick adhesion with focal point;
and 5, very thick vascularized adhesion or >1 plan-
tar adhesion. Images of adhesion formation
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around the cecum were recorded at necropsy
without revealing the incision size, and adhesion
score was determined by 2 independent observers
blinded to the experimental group.

Sample collection and storage: Blood and perito-
neal lavage were harvested at the indicated time
after cecal cauterization in this model. Blood was
collected by aortic puncture. To harvest sufficient
peritoneal lavage for examination, 4 mL of sterile
phosphate-buffered saline was injected intraperi-
toneally 0.5 hours before killing. Samples were
anticoagulated with 1:10 citrate buffer and centri-
fuged at 3,000 X g, and supernatants were stored at
—70°C until analysis. tPA and PAI-1 activity were
measured by enzyme-linked immunosorbent assay
(ELISA). In addition, total RNA was extracted
from omental tissue, and tPA and PAI-1 mRNA
expression levels were assessed by quantitative
real-time polymerase chain reaction (RT-PCR).
Samples of omental tissue were placed immedi-
ately in RNAlater (Ambion) and stored at —70°C
until RNA extraction, as described below.

Human study. Patients and surgery: We examined
prospectively 24 consecutive patients who under-
went LAP (n =14) or conventional OP (n =10) for
gastric cancer with curative intent from February
to July 2011 at the Hiroshima University Hospital.
Only patients who underwent partial gastrectomy
(distal or proximal gastrectomy) with standard
lymph node resection were included. Exclusion
criteria were emergency operation, previous his-
tory of abdominal surgery (except for appendec-
tomy), metastatic disease, serosal invasion, and
positive peritoneal cytology. In our institution, pa-
tients who were expected to have a tumor with in-
vasion to the mucosa or submucosa without lymph
node metastasis were selected for LAP. For LAP, 5
trocars were inserted for CO9 pneumoperitoneum
at a pressure of 10 mmHg. Removal of the stomach
and reconstruction were performed through a 4-
cm transverse incision of the left upper abdomen.
For conventional OP, surgery was performed
through a midline abdominal incision from the xi-
phoid to navel. All operative procedures were per-
formed by the same surgical team. All patients
were staged according to the American Joint Com-
mission for Cancer Staging (AJCC/TNM, sixth edi-
tion) system. The study was approved by the local
ethics committee, and written informed consent
was obtained from all patients.

Sample collection and storage: Blood samples were
collected just before (preoperative) and just after
the operation (postoperative), and on the first
postoperative day (PODI). Blood samples were
anticoagulated with 1:10 citrate buffer and then
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immediately put on melting ice. Plasma was sepa-
rated by centrifugation at 3,000 Xg and stored at
—70°C until analysis. tPA and PAI-1 activity were
measured by ELISA. Omental tissues were har-
vested at the beginning and the end of the opera-
tion to extract RNA. Omental tissues were
collected from sites demonstrating no mechanical
injury, and resected specimens were not included.
Samples of omental tissue were immediately
placed in RNAlater and stored at —70°C until
RNA extraction. tPA and PAI-1 mRNA levels were
determined by quantitative RT-PCR.

Isolation and culture of human peritoneal mesothelial
cells: For patients in the OP group (n = 3), 5-cm®
samples of omental tissue were harvested at the be-
ginning and end of the operation, and then hu-
man peritoneal mesothelial cells (HPMCGCs) were
isolated as described previously.%’27 Briefly, pieces
of omentum were washed with sterile phosphate-
buffered saline and then incubated with shaking
in 0.125% trypsin for 10 minutes at 37°C. The tis-
sues were removed, trypsin solution containing
free mesothelial cells was centrifuged at 100 Xg
for 10 minutes, and then the supernatant was dis-
carded. RNA was extracted immediately from this
cell pellet, and tPA and PAI-1 mRNA expression
was determined by quantitative RT-PCR. In addi-
tion, the obtained cell pellets were confirmed to
contain HPMGCs by the following method: The
cell pellets were suspended in M199 medium
(Sigma-Aldrich, St. Louis, MO) supplemented
with 10% fetal calf serum, 100 U/mL penicillin,
and 2 mmol/L L-glutamine and cultured on
10-cm? tissue culture flasks coated with rat type I
collagen (Nitta Zeratin Co. Ltd, Osaka, Japan).
We then confirmed that HPMCs were cultured
1 week after tissue harvest. Cells were identified
as HPMCs by their typical cobblestone appearance
when confluent (see Fig 6, A), as well as by positive
staining for cytokeratin and vimentin plus negative
staining for factor VIII on immunocytochemistry,
as described previously.”®*” In this manner, we
could determine mRNA levels in peritoneal meso-
thelium, with minimal contamination by other cell
types. We isolated HPMCs from omentum har-
vested at the beginning and the end of operation
in the same way; therefore, we were able to com-
pare mRNA levels between these time points with-
out consideration of phenotypic change owing to
isolation.

ELISA: The tPA and PAI-1 activity in plasma and
peritoneal lavage was measured with rat and hu-
man tPA and PAI-1 activity ELISA kits (Innovative
Research, Novi, MI) according to the manufac-
turer’s specifications.
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Fig 1. A, Adhesion scores of the 3 rat treatment groups
at day 7 after cecal cauterization. The adhesion scores of
the OP group were greater than those of both the con-
trol and LAP groups (*P < .05). B, Relative tPA mRNA
level 6 hours after cecal cauterization for the 3 experi-
mental groups. The tPA mRNA level of the LAP and
OP groups was greater than that of the control group
(*P < .05). No difference was observed between the
LAP and OP groups. All data are expressed as a ratio
of the mean value for the control group (set at 1). C,
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Quantitative RT-PCR: Total RNA was extracted
from rat and human samples with the RNeasy Mini
Kit (Qiagen, Venlo, The Netherlands), and ¢cDNA
was synthesized using ReverTraAce qPCR RT kit
(Toyobo, Osaka, Japan). We quantified gene ex-
pression with TagMan Gene Expression Assays
(Applied Biosystems, Carlsbad, CA). Results were
expressed as relative expression standardized to the
expression of the gene encoding GAPDH. Specific
primers used for quantitative RT-PCR were as fol-
lows: PAI-1 (Serpinl; Assay ID Rn01481341 _ml),
tPA (Plat; Assay ID Rn01482584_ml), and GAPDH
(Assay ID Rn99999916_s1) for the animal study;
and PAI-1 (Serpinl; Assay ID, Hs01126606_m1l),
tPA (Plat; Assay ID Hs00263492_m1), and GAPDH
(Assay ID Hs99999905_ml) for the clinical study
(Applied Biosystems).

Statistical analysis: All data are expressed as the
mean value = standard deviation. Differences be-
tween 2 groups were analyzed by the Mann-
Whitney test for nonpaired comparison and by
paired ttest for paired comparison. In all analyses,
statistical significance was set at a P < .05. All anal-
yses were performed using JMP 8 software (version
8.02, SAS Institute Inc; SAS, Inc, Cary, NC).

RESULTS

Animal study. Adhesion scoring: After cecal cau-
terization, 27 rats were divided into 3 groups:
control (n=9), LAP (n=9), and OP (n =9). We
killed the rats 7 days later, and then each rat was
evaluated according to the previously described ad-
hesion scoring system. No rats died during the ex-
periment or demonstrated intestinal perforation at
the time of study. The adhesion scores of the OP
group were greater than those of both the control
(P <.05) and LAP groups (P <.05; Fig 1, A). These
results suggest that the assessment of postoperative
adhesion formation in this model is reproducible
and optimal to compare fibrinolytic activity be-
tween LAP and OP groups.

Measurement of tPA and PAIL1 activity in plasma
and peritoneal lavage by ELISA: Another 52 rats were
divided into control (n = 16), LAP (n = 18), and
OP (n = 18) groups after cecal cauterization. All
rats were killed, and blood and peritoneal lavage
were collected at the end of the operative

Relative PAI-1 mRNA level 6 hours after cecal cauteriza-
tion for the 3 experimental groups. The PAI-1 mRNA
level of the OP group was greater than that of both
the control (**P < .01) and LAP groups (*P < .05). All
data are expressed as a ratio of the mean value for the
control group (set at 1).
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Fig 2. The results of ELISA (animal study). (A) Plasma tPA activity. Plasma tPA activity at 1, 6, and 24 hours was de-
creased compared with that of non-op in the control, LAP, and OP groups (*P < .05). No significant differences
were observed between groups at each time point. (B) tPA activity of peritoneal lavage. The tPA activity in peritoneal
lavage was low in all 3 groups at each time point. (C) Plasma PAI-1 activity. Plasma PAI-1 activity was increased from
non-op to 6 hours in the LAP group (P < .05) and OP group (P <.01). At 6 hours, PAI-1 activity was greater in the
OP group than the control group (*P < .05). (D) PAI-1 activity of peritoneal lavage. The PAI-1 activity of peritoneal la-
vage increased from 1 to 6 hours in the control (P <.05), LAP (P <.01), and OP groups (P < .01). At 6 hours, PAI-
1 activity was greater in the OP group than in the control (¥**P < .01) and LAP groups (*P < .05).

intervention (1 hour after cecal cauterization; n=>5
for each group; 6 hours after cecal cauterization,
n = 6 for the control group, n = 8 for the LAP
and OP groups; and 24 hours after cecal cauteriza-
tion, n =5 for each group). Blood and omental tis-
sue were collected as nonoperated control samples
from another 5 rats (non-op; n = 5).

Plasma tPA activity at 1, 6, and 24 hours was
decreased compared with that of non-op controls
in all 3 groups (P < .05). No differences were ob-
served between each of the 3 groups at each time
point (Fig 2, A). The tPA activity of peritoneal
lavage was low in all 3 groups at all time points
(Fig 2, B). By contrast, plasma PAI-1 activity in-
creased from non-op to 6 hours in both the LAP
(P < .05) and OP groups (P < .01), and then de-
creased from 6 to 24 hours. At 6 hours, the PAI-
1 activity of the OP group was greater than that
of the control group (P < .05; Fig 2, C). The PAI-
1 activity of peritoneal lavage increased from 1 to
6 hours (control group, P < .05; LAP and OP
groups, P < .01), and then decreased at 24 hours.
At 6 hours, the PAI-1 activity of the OP group was
greater than that of both the control (P <.01) and
LAP groups (P <.05; Fig 2, D). The PAI-1 activity of

peritoneal lavage demonstrated a dramatic change
compared with that of plasma samples, which sug-
gested that induction of PAI-1 activity in the perito-
neal cavity was more important for the
development of adhesion formation than systemic
changes in this model.

Assessment of tPA and PAIl gene expression in
peritoneal mesothelial cells from omentum: To investi-
gate the transcriptional changes of tPA and PAI-
1 in the peritoneal cavity owing to these operative
interventions, we examined mRNA expression in
omental tissues, which contain high levels of per-
itoneal mesothelial cells. Peritoneal mesothelial
cells are thought to be the primary producer of tPA
and PAL-1 in the peritoneal cavity,” and the method
for extraction of peritoneal mesothelial cells from
omental tissue has been established.*®*” We exam-
ined first the time course of PAI-1 mRNA expres-
sion changes in response to this operative
intervention. We measured PAI-l mRNA levels
from omental tissue extracted from non-op control
rats (n=5) andat1 (n=5),3 (n=5),6 (n=8),9
(n=5), and 24 hours (n = 3), and 7 days (n = 3)
after cecal cauterization in the OP group. The
PAI-1 mRNA level gradually increased from
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Fig 3. Time course analysis of relative PAI-1 mRNA level
after cecal cauterization in the OP group. The PAI-
1 mRNA level gradually increased from non-op to 6
hours and then decreased to day 7. All data are ex-
pressed as a ratio of the mean value for non-op (setat 1).

non-op to 6 hours, and then gradually decreased
up to day 7 (Fig 3).

We then examined omental tPA and PAI-1 mRNA
levels at 6 hours in each group (n =6 for the control
group; n = 8 for the LAP and OP groups). The tPA
mRNA level of the LAP and OP groups was greater
than that of the control group (P < .05; Fig 1, B);
however, no difference was observed between the
LAP and OP groups. By contrast, the PAI-1 mRNA
level of the OP group was greater than that of
both the control (P < .01) and LAP groups (P <
.05; Fig 1, C). This difference was consistent with
the adhesion score results, which suggested a corre-
lation between local PAI-1 mRNA expression levels
and postoperative adhesion formation. These re-
sults indicated that peritoneal fibrinolysis was better
preserved in the LAP group owing to decreased
transcription of PAI-1 than the OP group, which
contributed to the decrease in postoperative adhe-
sion formation in the rat model.

Correlation between peritoneal fibrinolysis and treat-
ment time. We next examined the relationship
between peritoneal fibrinolytic activity and treat-
ment time. We performed pneumoperitoneum or
laparotomy for 30 and 120 minutes in both LAP
(30 minutes, n = 8; 120 minutes, n = 8) and OP
groups (30 minutes, n = 8; 120 minutes, n = 8)
and determined the PAI-1 mRNA levels in omental
tissues at 6 hours after cecal cauterization. PAI-
1 mRNA levels were greater in the OP group
than the LAP group in the 60- and 120-minute
(both P < .05) treatment groups. PAI-1 mRNA
levels were greater in the 120-minute treatment
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group than the 30-minute treatment group (P <
.01); however, this induction was not observed in
the LAP group (Fig 4, A).

Additionally, we examined the relationship
between adhesion scores and operative time
using another group of rats. We performed pneu-
moperitoneum or laparotomy for 30 and 120 min-
utes for both the LAP (30 minutes, n = 6; 120
minutes, # = 8) and OP groups (30 minutes, » =
6; 120 minutes, n = 8); adhesion scores were deter-
mined at day 7 after cecal cauterization. Adhesion
scores were greater in the OP group than the LAP
group in the 60- and 120-minute (both P < .05)
treatment groups. In the OP group, the adhesion
score of the 120-minute treatment group was
greater than that of the 30-minute treatment
group (P < .05). This induction, however, was
not observed in the LAP group (Fig 4, B). PAI-
1 gene expression was highly induced in a time-
dependent manner in the OP group, resulting in
a greater adhesion score at day 7, whereas its ex-
pression was suppressed even with the greater op-
erative time in the LAP group, resulting in a
lesser adhesion score.

Human study. Patient characteristicss We next
investigated peritoneal fibrinolytic activity after
LAP compared with conventional OP in clinical
samples. Patient characteristics are summarized in
Table I. No difference was observed in age or gen-
der; however, patients with early stage disease
were more common in the LAP group than the
OP group (P <.05). Increased plasma PAI-1 levels
have been shown to associate with increased risk
of cardiovascular disease, diabetes mellitus, and
the metabolic syndrome. Therefore, we compared
preoperative body mass index, serum HbAlc
level, total cholesterol, and triglyceride between
the 2 groups. No difference was observed in these
factors. No patients had an anticoagulant disor-
der, and prothrombin time did not differ between
the 2 groups. Both preoperative and POD1 white
blood cell count and Creactive protein level did
not differ between the 2 groups. No patients ex-
perienced intraoperative complications. No pa-
tients in the LAP group were converted to
laparotomy.

tPA and PAIL-l activity in plasma determined by
ELISA: Blood samples were collected just before
(preoperative) and after the operation (postoper-
ative), and on PODI1. The results of ELISA are
summarized in Table II. Both preoperative tPA
activity and PAI-1 activity did not differ between
the 2 groups. Postoperative and POD1 tPA concen-
tration demonstrated no change compared with
preoperative levels (Table II). By contrast, PAI-1
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Fig 4. A, The correlation between PAI-1 mRNA level and
treatment time for LAP and OP groups in the rat cecal
cauterization model. PAI-I mRNA level was greater in
the OP group than the LAP group in the 60- (*P < .05)
and 120-minute (*P <.05) treatment groups, respectively.
PAI-1 mRNA level was greater in the 120-minute treat-
ment group than the 30-minute treatment group (**P
< .05) in the OP group; however, this induction was not
observed in the LAP group. All data are expressed as a ra-
tio of the mean value for the control group (set at 1). B,
The correlation between adhesion score and treatment
time for the LAP and OP groups. Adhesion scores were
greater in the OP group than the LAP group for both
the 60- (*P < .05) and 120-minute (*P < .05) treatment
groups. Adhesion scores were greater in the 120-minute
treatment group than the 30-minute treatment group
in the OP group (**P < .05); however, this induction
was not observed in the LAP group. Closed bar (B),
LAP group; open bar ([1), OP group.
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Table I. Patient characteristics
P
LAP m =14) OP (m = 10) wvalue
Age 60 + 15 69 + 10 NS
Gender 7/7 4/6 NS
(male/female)
BMI 23+ 3 22 + 3 NS
Stage 1/11/111 13/1/0 5/3/2 <.05
TG 126 + 63 126 = 85 NS
T-Chol 214 + 37 192 + 36 NS
HbAlc 5.6 + 0.8 56+ 0.4 NS
PT 99 + 8 102 = 11 NS
WBC count 6,300 + 1,900 5,600 = 1,300 NS

(preoperative)

CRP (preoperative) 0.05+ 0.06 0.08 £0.08 NS

WBC count 8,900 + 2,500 9,200 + 1,600 NS
(POD1)

CRP (POD1) 57+ 2.1 7.0 + 2.6 NS

Operative time 308 + 52 224+ 32  <.001
(min)

Bleeding (mL) 48 + 95 168 £ 138 <.05

All data are expressed as mean values + standard deviation.
BMI, Body mass index; CRE, C-reactive protein; T-Chol, total cholesterol;
TG, triglyceride; PT, prothrombin time; WBC, white blood cell.

Table II. ELISA results (human study)

Preoperalive Postoperative PODI
tPA activity (IU/mL)
LAP 0.1+0.1 0.1£0.1 0.1+0.1
op 01=+0.1 0.1+0.1 0.1+0.1
PAI-1 activity (ng/mL)
LAP 8.3+ 155 20.9 + 32.9* 13.4 + 14.9%
op 29+ 44 21.8 = 30.7* 7.3 +£7.3%

*Versus the preoperative value, P < .05.
All data are expressed as mean values + standard deviation.

activity increased between preoperative and post-
operative, and then decreased at POD1 (P < .05;
Table II); however, the LAP and OP groups did
not differ at each time point.

tPA and PAILl gene expression in omentum deter-
mined by quantitative RT-PCR: Omental tissues were
harvested at the beginning and the end of the
operation to examine tPA and PAI-1 mRNA ex-
pression levels. For both groups, the tPA mRNA
level was unchanged after the operation. Both
preoperative and postoperative tPA mRNA levels
also demonstrated no significant difference be-
tween the 2 groups (Fig 5, A). By contrast, PAI-
1 mRNA levels were significantly increased from
pre- to postoperative for both the LAP and OP
groups (both P < .01). Preoperative PAI-1 mRNA
expression did not differ between the 2 groups;
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Fig 5. Results of quantitative RT-PCR (human study). A,
Relative tPA mRNA level. The tPA mRNA expression did
not differ between the 2 groups at both pre- and postop-
erative specimens. All data are expressed as a ratio of the
mean preoperative value for the OP group (set at 1). B,
Relative PAI-1 mRNA level. PAI-1 mRNA level was in-
creased from pre- to postoperative for both the LAP
and OP groups (**P < .001). The 2 groups did not sig-
nificantly differ preoperatively; however, the postopera-
tive PAI-l mRNA level of the OP group was greater
than that of the LAP group (*P < .05). All data are ex-
pressed as a ratio of the mean preoperative value for
the OP group (set at 1).

however, the postoperative PAI-I mRNA level of
the OP group was greater than that of the LAP
group (P <.05; Fig 5, B).
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Fig 6. A, Phase-contrast micrographs of isolated human
peritoneal mesothelial cells (HPMC)s. B, Relative tPA
mRNA level of isolated HPMCs. The tPA mRNA level
did not differ between pre- and postoperative specimens.
All data are expressed as a ratio of the mean preoperative
value (setat 1). C, Relative PAI-1 mRNA level for isolated
HPMCs. Postoperative PAI-1 mRNA level tended to be
greater than the preoperative level, to a similar extant
as that observed in omental tissues. All data are expressed
as a ratio of the mean preoperative value (set at 1).

tPA and PAI-1 gene expression in isolated HPMCs
from omental tissue: To confirm the induction of PAI-
1 mRNA in HPMGCs from omental tissue in
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response to abdominal operation, we harvested
5-cm® samples of omental tissue at the beginning
and the end of the operation and then extracted
HPMCs from each sample from patients in the
OP group (n = 3). We only examined the OP
group, because obtaining a sufficient amount of
omental tissue to extract the HPMCs was difficult
in the LAP group owing to the small skin incision.
We extracted total RNA from HPMCs and analyzed
tPA and PAI-1 mRNA expression by quantitative
RT-PCR. tPA mRNA expression did not change af-
ter the operation (Fig 6, B). Consistent with the in-
duction of PAI-1 mRNA expression in omentum,
PAI-1 mRNA expression seemed to be upregulated
in HPMGs after the operation (Fig 6, C).

Correlation between PAI-1 gene expression and
operative time: We investigated the possible correla-
tion of postoperative PAI-l mRNA levels with
several clinical parameters and found that high
PAJ-1 mRNA levels were correlated with operative
time in the OP group (P = .02; r= 0.67; Fig 7). No
correlation was observed in the LAP group (P =
.56; r=0.17; Fig 7).

Consistent with our findings in the animal study,
these results suggest that achieving a more pro-
longed hypofibrinolytic state by inhibition of PAI-1
upregulation in peritoneal mesothelial cells during
LAP may predispose patients to less intestinal
adhesions than OP.

DISCUSSION

A considerable body of data now supports
the notion that formation of adhesions after
abdominal operations is determined by peritoneal
fibrinolytic activity,"*!>!516181928 The specific
condition of a pneumoperitoneum, especially the
warm and humid intra-abdominal atmosphere,
has been hypothesized to preserve peritoneal fibri-
nolytic activity in LAP better than in conventional
OP"®; however, the extent of this hypofibrinolysis
after LAP compared with OP has remained
controversial.

The underlying molecular mechanisms that
control the peritoneal fibrinolytic system have
been clarified in vivo and in vitro. Molinas et al'’
reported that PAI-1 was induced by pneumoperito-
neum and identified upregulation of PAI-1 as a
mechanism for adhesion formation, because
pneumoperitoneum-enhanced adhesions were
not observed in PAI-1 knockout mice. Using an in-
vitro pneumoperitoneum model, Bergstrom et al'®
found that cultured HPMCs demonstrated in-
creased synthesis and release of PAI-1 on exposure
to CO,. Ziprin et al'® reported that incubation of
HPMGCs with CO, enhances mesothelial cell
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Fig 7. Scatter plots of relative PAI-1 mRNA level versus
operative time in the OP and LAP groups. PAI-
1 mRNA expression level and operative time were corre-
lated in the OP group (r = 0.67, P = .02). By contrast,
PAI-1 mRNA expression level and operative time were
not correlated in the LAP group (r=0.17, P= .56). Closed
circle (@) and solid line, LAP group; open circle (O) and
dotted line, OP group.

fibrinolytic activity because of a decrease in PAI-1
concentration as compared with standard culture
conditions.

Some clinical studies have compared the alter-
ation of peritoneal fibrinolytic activity between
LAP and OP and concluded that both operative
techniques had similar effects.?’** Brokelman
et al** reported that peritoneal hypofibrinolysis
via decreased tPA activity seemed to induce more
rapidly during conventional surgery than LAP. All
these previous reports analyzed only protein levels
from plasma or intraoperative peritoneal biopsies;
transcriptional regulation of tPA and PAI-1 in per-
itoneal mesothelial cells has not been analyzed
previously. Because tissue samples to assess the per-
itoneal fibrinolytic activity in these studies were ob-
tained from peritoneum of the abdominal wall
during operation, the quality and quantity of mes-
othelial cells, which are more abundant in omen-
tum, may have been limited. Moreover, PAI-1
activity and PAI-1 antigen/protein concentration
after transcription/translation of the PAI-1 gene
may not change significantly, because we detected
in the rapid increase of PAI-1 mRNA during oper-
ation, presumably owing to the limited duration of
the time course in these studies. Further potential
biases may have occurred as a result of the opera-
tive procedure, skill of the surgeon, blood loss,
and the selection of patients suitable for LAP in
these clinical studies. By examining transcriptional
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Fig 8. Schema of transcriptional regulation of PAI-1 in peritoneal mesothelial cells for postoperative adhesion forma-
tion. A, Postoperative adhesions were administered by peritoneal hypofibrinolysis, which induced transcriptional upre-
gulation of PAI-1 in peritoneal mesothelial cells in response to surgical stress caused by OP. B, Decreased transcription
of PAI-1 in peritoneal mesothelial cells suppresses postoperative adhesion formation in LAP. Although the mechanism
of transcriptional decrease in PAI-1 in peritoneal mesothelial cells in LAP has not yet been clarified, pneumoperito-
neum using COy may affect peritoneal mesothelial cells. FDP, Fibrin degradation products.

levels of tPA and PAI-1 in peritoneal mesothelial
cells, we first demonstrated that decreased expres-
sion of PAI-1 transcript in peritoneal mesothelial
cells suppresses postoperative adhesion formation
in LAP using animal and clinical samples. Our pro-
posed schema based on our findings is indicated in
Fig 8. Although the mechanism of decreased PAI-
1 transcript expression in peritoneal mesothelial
cells after LAP has not yet been clarified, pneumo-
peritoneum using COy may affect the reduction of
peritoneal mesothelial cells.

In the present study, we utilized a unique model
of intestinal adhesion formation,'? with cecal cau-
terization to establish intestinal adhesions in rats.
This model could minimize the technical bias of
cecal cauterization and provided better reproduci-
bility than previously described models of intesti-
nal adhesion formation, such as the cecal
abrasion model (in which the cecum is abraded
by scrubbing with surgical gauze).”>*° Our data
demonstrated that quantification of adhesion at
day 7 reflects the status of small intestinal adhesion
with good reproducibility. To compare solely
the difference in peritoneal fibrinolytic activity

between pneumoperitoneum and laparotomy, we
aimed to minimize the effect of technical bias be-
tween LAP and OP for cecal cauterization. For
this reason, we induced cecal cauterization in the
same manner with a small skin incision across all
experimental groups, and we defined rats treated
with pneumoperitoneum after cecal cauterization
as the LAP group. We defined adequately the con-
trol group (only cecal cauterization without any in-
tervention); therefore, we were able to directly
compare the difference between pneumoperito-
neum and laparotomy after the same extent of per-
itoneal injury through the use of this control
group. The adhesion score, PAI-1 activity in perito-
neal lavage, and PAI-1 mRNA expression in perito-
neal mesothelium were greater in the OP group
than the control and LAP groups. By contrast,
tPA was activated at the transcriptional level in per-
itoneal mesothelial cells; however, tPA activity in
plasma and peritoneal lavage was suppressed by
PAI-1, which demonstrated a more drastic effect
on fibrinolysis than tPA as shown in Fig 2. More-
over, PAI-1 mRNA expression level and subsequent
adhesion formation were induced by prolonged
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operative time in the OP group but not the LAP
group in this model. To the best of our knowledge,
this is the first animal model to demonstrate that
preservation of peritoneal fibrinolysis by a de-
crease in transcription of PAI-1 in peritoneal mes-
othelial cells after LAP may contribute to the
decrease of postoperative adhesion formation
(Fig 8). Consistent with this rat model, tPA
mRNA expression levels were similar in both OP
and LAP groups in human patients, although
PAI-1 mRNA expression level was significantly
greater in the OP group. Furthermore, PAI-1
mRNA levels and subsequent adhesion formation
were significantly induced by prolonged operative
time in the OP group but not in the LAP group.
To further confirm our hypotheses in this clinical
study, we extracted HPMGCs from omentum during
operation. Few molecular markers that indicate
clearly the efficacy of LAP compared with OP
have been reported previously. We identified PAI-
1 mRNA in peritoneal mesothelium as such a mo-
lecular marker and believe this finding to be of
clinical importance.

Based on our animal model without manual
manipulation during laparotomy or pneumoper-
itoneum, physiologic and/or biologic responses
under pneumoperitoneum may lead to the ob-
served effects on peritoneal mesothelial cells
directly or via indirect effects by changing arterial
or venous blood flow or pH levels in vivo. Sawdey
et al®! reported that the treatment of mice with
lipopolysaccharide, tumor necrosis factor-o, or
transforming growth factor-f increased the
steady-state levels of PAI-l mRNA within 3 hours
in all tissues examined. Other studies reported
that statins (HMG-CoA reductase inhibitors) de-
creased postoperative adhesions by increasing
peritoneal fibrinolytic activity.”**® In a rat model,
lovastatin and atorvastatin significantly decreased
adhesion formation without affecting anasto-
motic burst pressure by upregulating tPA expres-
sion and activity in the peritoneum. Statins
increased tPA and decreased PAI-1 production
in cultured human mesothelial cells, and these ef-
fects were reversed by their inhibitors, although
this effect may be mediated by inactivation of
RhoA, a small GTPase, leading to increased tPA
expression and activity, not PAI-1 expression.
The antioxidant NAC (MN-acetyl-L-cysteine) is a
clinically relevant antioxidant that donates its
L-cysteine moiety to the synthesis of the intracel-
lular antioxidant glutathione. In a rat model, in-
traperitoneal administration of NAC increased
the tPA/PAI-1 protein ratio in peritoneal tissue
and peritoneal fluid through a decrease in
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PAI-1 mRNA and protein expression, suggesting
that decreased peritoneal oxidative stress downre-
gulates PAI-1 gene expression to result in a fibri-
nolytic state.’* In endothelial cells, oxidative
stress upregulates PAI-1 expression through a
NADPH oxidase-dependent nuclear factor« sig-
naling pathway.

PAI-1 is well known as the main regulator of
fibrinolysis, and thus, increased plasma PAI-1 levels
are associated with the formation or progression of
atherosclerosis.”® In the present study, therefore,
we confirmed that preoperative body mass index,
HbAlc, total cholesterol, triglyceride, and pro-
thrombin time values demonstrated no difference
between LAP and OP patients. In addition, ele-
vated PAI-1 was found to be related to poor prog-
nosis of several malignancies.36 In the present
human study, the LAP group contained signifi-
cantly more patients with early stage disease than
the OP group, owing to their indication for opera-
tion. To minimize this effect, we excluded patients
with metastatic diseases, serosal invasion, and pos-
itive peritoneal cytology. PAI-1 mRNA levels in pa-
tients with advanced stage disease were not greater
than those with early stage disease in the present
study (data not shown); therefore, this difference
in disease stage was not a substantive confounder
of our results.

In our institution, only patients who were
expected to have invasion to the mucosa or
submucosa without lymph node metastasis were
selected for LAP (T1 NO stage IA and T2 NO stage
IB). Therefore, in this study, we examined pro-
spectively consecutive patients according to this
selection criterion who were treated by the same
surgical team without selection bias by the sur-
geons. In addition, in the present human study we
examined samples obtained prospectively from
relatively early-stage gastric cancer patients who
underwent standard partial gastrectomy. Further
exploration is required to determine whether
patients undergoing gastric cancer resection dif-
fer from those undergoing operation (laparo-
scopic or open) for other types of abdominal
operations.

In conclusion, the results of the present study
suggest strongly that achieving a more prolonged
hypofibrinolytic state by inhibition of PAI-1 upre-
gulation during LAP may predispose patients to
less intestinal adhesion than OP. Elucidation of the
precise mechanisms underlying the downregula-
tion of PAI-1 gene expression during LAP may
reveal a potential therapeutic target without inhib-
iting the fibrin formation that is indispensable for
wound healing in response to operative trauma.
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“No, we don’t have a clue how the operation really
works but | recommend it strongly”
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Single-port laparoscopic colectomy versus
conventional laparoscopic colectomy for colon
cancer: a comparison of surgical results
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Abstract
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Background: Single-port laparoscopic surgery is a new technique that leaves no visible scar. This new technigue
has generated strong interest among surgeons worldwide. However, single-port laparoscopic colon surgery has not
yet been standardized. Our aim in this study was to evaluate the feasibility of single-port laparoscopic colectomy
compared with conventional laparoscopic colectomy for colon cancer.

Methods: We conducted a case-matched, controlled study comparing single-port laparoscopic colectomy to
conventional laparoscopic colectomy for right-sided colon cancer.

Results: A total of ten patients were included for the single-port laparoscopic colectomy (S-LAC) group and ten
patients for the conventional laparoscopic colectomy (C-LAC) group. The length of the skin incision in the S-LAC
group was significantly shorter than that of the C-LAC group.

Conclusion: Our early experiences indicated that S-LAC for right-sided colon cancer is a feasible and safe
procedure and that S-LAC results in a better cosmetic outcome.

Keywords: Single-port laparoscopic surgery, Single-incision laparoscopic surgery, Conventional laparoscopic sur-

Background

Laparoscopic surgery has been a standard strategy for a
variety of gastrointestinal diseases. The first report about
laparoscopic colectomy was published by Jacobs ez al. [1]
two decades ago. Since then the use of laparoscopic colect-
omy for colon cancer has gradually increased, and it is
now acceptable treatment not only for early colon cancer
but also for advanced cases because of its oncological
safety and feasibility [2,3]. Recently, natural orifice trans-
luminal endoscopic surgery (NOTES) has been studied as
the next generation of minimally invasive surgery. This
new technique was described for the first time by Kalloo
et al., who introduced their work performing transgastric
peritoneoscopy in a porcine model [4]. Marescaux et al.
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also reported successful NOTES in a clinical case [5].
However, the feasibility and safety of NOTES have not
been evaluated. Single-port laparoscopic surgery is also a
new technique which leaves no visible scar. This new tech-
nique has generated interest among surgeons worldwide.
Although the use of single-port laparoscopic cholecystect-
omy has spread rapidly, single-incision laparoscopic colon
surgery has not yet been standardized. Our aim in this
study was to evaluate the feasibility of single-port laparo-
scopic colectomy compared with conventional laparo-
scopic colectomy for colon cancer which requires D2
lymph node dissection.

Methods
This study was performed with permission of the Ethics
Committee of the Hiroshima University.

We conducted a case-matched, controlled study com-
paring single-port laparoscopic colectomy to conven-
tional laparoscopic colectomy for right-sided colon
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any medium, provided the original work is properly cited.
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