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Abstract

BACKGROUND

Although intracorporeal anastomosis (IA) for colon cancer requires longer operative time
than extracorporeal anastomosis (EA), its short-term postoperative results, such as early
recovery of bowel movement, have been reported to be equal or better. As IA requires
opening the intestinal tract in the abdominal cavity under pneumoperitoneum, there are
concerns about intraperitoneal bacterial infection and recurrence of peritoneal
dissemination due to the spread of bacteria and tumor cells. However, intraperitoneal

bacterial contamination and medium-term oncological outcomes have not been clarified.

AIM
To clarify the effects of bacterial and tumor cell contamination of the intra-abdominal

cavity in IA.

METHODS

Of 127 patients who underwent laparoscopic colon resection for colon cancer from April
2015 to December 2020, 75 underwent EA (EA group), and 52 underwent IA (IA group).
After propensity score matching, the primary endpoint was 3-year disease-free survival
rates, and secondary endpoints were 3-year overall survival rates, type of recurrence,
surgical site infection (SSI) incidence, number of days on antibiotics, and postoperative

biological responses.

RESULTS

Three-year disease-free survival rates did not significantly differ between the IA and EA
groups (87.2% and 82.7%, respectively, P = 0.4473). The 3-year overall survival rates also
did not significantly differ between the IA and EA groups (94.7% and 94.7%, respectively;
P =0.9891). There was no difference in the type of recurrence between the two groups. In
addition, there were no significant differences in SSI incidence or the number of days on

antibiotics; however, postoperative biological responses, such as the white blood cell
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count (10200 vs 8650/ mm?, P = 0.0068), C-reactive protein (6.8 vs 4.5 mg/dL, P = 0.0011),
and body temperature (37.7 vs 37.5 °C, P = 0.0079), were significantly higher in the IA

group.

CONCLUSION
IA is an anastomotic technique that should be widely performed because its risk of
intraperitoneal bacterial contamination and medium-term oncological outcomes are

comparable to those of EA.
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Core Tip: Since intracorporeal anastomosis (IA) for colon cancer is a technique in which
the intestinal tract is opened in the abdominal cavity under pneumoperitoneum, there
have been concerns about intraperitoneal bacterial infection and recurrent peritoneal
dissemination due to the spread of bacteria and tumor cells. However, there have been
few reports of the degree of bacterial contamination of the intraperitoneal cavity and the
medium-term oncological outcomes. This study showed that the medium-term results of
IA were comparable to those of conventional extracorporeal anastomosis and were not

affected by the spread of bacteria or tumor cells.

INTRODUCTION

For the surgical treatment of colorectal cancer, laparoscopic surgery, as a minimally

invasive treatment method, has become one of the standard treatments based on the
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results of trials to confirm short- and long-term outcomes in comparisons of open surgery
and laparoscopic surgeryll-l. As a further development of minimally invasive treatment
methods, robot-assisted surgery is now being performed for colon cancer as well as rectal
cancer. On the other hand, in the anastomosis method for gastrointestinal reconstruction,
the intracorporeal anastomosis (IA) method has been used since the dawn of laparoscopic
surgery for gastric cancer, which is also a type of gastrointestinal cancer. However,
although laparoscopic surgery was more rapidly adopted for colorectal cancer than for
gastric cancer, the use of IA for colorectal cancer has not spread as fast as for gastric cancer.
In the case of IA for colorectal cancer, a randomized, controlled trial reported early
recovery of intestinal peristalsis and reduction of complications!5¢!in terms of short-term
outcomes, and in a site-specific study of colon cancer, there were no differences in
survival and recurrence-free survival rates between IA and extracorporeal anastomosis
(EA) for right-sided colon cancer[”8l. In addition, IA for left-sided colon cancer was
reported to resultin early recovery of intestinal peristalsis and a low complication ratel%101.
Numerous reports have documented the benefits of IA. However, because IA involves
opening the intestinal tract in the abdominal cavity under pneumoperitoneum, there are
still some concerns about bacterigl infection and the spread of tumor cells, and the
number of facilities performing IA is limited. Therefore, the purpose of this study was to
clarify the effects of bacterial and tumor cell contamination by comparing IA and EA
methods, with the primary endpoint of 3-year disease-free survival (DFS) rate and
secondary endpoints of 3-year overall survival (OS) rate, type of recurrence, surgical site
infection (SSI) incidence rate, number of days on antibiotics, and postoperative biological

responses.

MATERIALS AND METHODS

Patient selection
This retrospective, cohort study investigated 195 laparoscopic colon resections performed
from April 2015 to December 2020 for colon cancer. Data for a total of 127 patients, 75 in

the EA group and 52 in the IA group, who underwent laparoscopic colon resection for
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first colon cancer were analyzed after excluding 4 cases of multiple colon cancer, 2 cases
of simultaneous double cancer, 2 cases of resection with other organs, 11 cases with
distant metastasis, and 49 cases in which double-stapling technique anastomosis was
performed (Figure 1). This study was designed in accordance with the Declaration of
Helsinki and approved by the Ethics Review Committee of the Research Ethics
Committee, Tokai University School of Medicine (23RC011), with a waiver of informed

consent. The choice of IA or EA was left entirely to the surgeon.

Data collection

Information on patient-related factors, surgery-related factors, tumor-related factors,
surgical outcomes, and short- and medium-term postoperative outcomes is held in a
database. Patient-related factors included age, sex, body mass index (BMI), American
Society of Anesthesiologists physical status (ASA-PS), Charlson comorbidity index (CCI),
previous abdominal surgery, and carcinoembryonic antigen (CEA) levels. Surgery-
related factors included bowel preparation, surgical procedure, and lymph node
dissection areal'll. Tumor-related factors included tumor location, maximum tumor
diameter, differentiation, histopathologic T stage, histopathologic N stage (American
Joint Committee on Cancer/International Union for Cancer Control), lymphatic invasion,
venous invasion, and perineural invasion, as well as TNM stage classification. Surgical
outcomes included operative time, blood loss, conversion to open surgery, intraoperative
complications, incision length, number of harvested lymph nodes, proximal margin,
distal margin, and results of peritoneal fluid bacterial culture and cytology after
peritoneal lavage with 3000 mL of saline solution after anastomosis. Bacterial culture and
cytology of peritoneal lavage were performed in 73 patients (36 in the EA group and 37
in the TA group) who underwent surgery since April 2016. Short-term postoperative
outcomes were times to first pass gas and first stool, time to resumption of oral intake,
number of analgesics used, number of days on antibiotics, duration of postoperative
hospitalization, time from surgery to adjuvant chemotherapy, completion of adjuvant

chemotherapy, and duration of adjuvant chemotherapy. Postoperative complications
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were defined as total complications, SSI, and anastomotic leakage. Postoperative
complications were classified according to the Clavien-Dindo (CD) classificationl!2l. The
medium-term postoperative outcomes were defined as 3-year OS, 3-year DFS, and type

of recurrence.

Operative procedure

For EA, the intestinal tract was guided out of the body, and the oral and anal sides of the
intestinal tract were separated by linear staplers. Then, a small hole was created on the
transected side of the oral and anal intestinal tracts, and a linear stapler was inserted
through the small holes to perform the anastomosis. The small hole was then closed with
a linear stapler to create a functional end-to-end anastomosis. For IA, the oral and anal
sides of the intestinal tract were separated by a linear stapler under laparoscopy. Small
holes were made at a site 3 cm from the transected side of the oral intestinal tract and at
a site 7 cm from the transected side of the anal intestine, and a stapler was inserted for
lateral anastomosis with sequential peristalsis. The small hole was closed either by suture
closure with a stapler or by suture closure with an A-L anastomosis using a 3-0 V-Loc
(Medtronic, Minneapolis, MN, United States). Both anastomoses were performed using
an ECHELON FLEX™ Powered ENDOPATH Stapler® 60 mm (blue cartridge) (Ethicon
Endo-Surgery Inc., Cincinnati, OH, United States). Specimens were removed by

extending the umbilical port wound.

Postoperative surveillance

In accordance with the colorectal cancer treatment guidelines prepared and published by
the Japanese Society for Cancer of the Colon and Rectum, tumor markers were measured
every 3 months, contrast-enhanced thoracoabdominal computed tomography (CT) was
performed every 6 months, and the patients were examined. Positron emission
tomography (PET)-CT was performed in all cases in which recurrence or metastasis was
suspected on contrast-enhanced thoracoabdominal CT, and only when metastasis was

diagnosed by PET-CT was the diagnosis confirmed as recurrence or metastasis. All
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imaging findings were diagnosed by a radiologist.

Statistical analysis

Propensity score matching was performed using a logistic regression model. One-to-one
matching between the two groups was performed using the nearest neighbor matching
method without replacement and with a caliper width of 0.2 standard deviations of the
estimated propensity score logit. In the comparison between the two groups, the Mann-
Whitney test was used for continuous variables, and the Chi-square test or Fisher’s exact
test (for small sample sizes) was used for categorical variables, with P < 0.05 considered
significant. OS and DFS were analyzed using the Kaplan-Meier method. Differences in
survival curves were analyzed by the log-rank test. The index date for survival rate
calculation was the date of surgery. The software used for this statistical analysis was

JMP for Windows, version 13.0 (SAS Institute, Cary, NC, United States).

RESULTS

Patient characteristics before amﬁfter matching

The patient characteristics of each group before and after propensity score adjustment
shown in Table 1. Of the 127 patients analyzed, 52 were in the IA group, and 75 were in
the EA group. There were significant differences between the IA and EA groups in
surgical procedure (P = 0.0249) and extent of lymph node dissection (P = 0.0133).
Propensity score matching was performed using surgical procedure, lymph node
dissection area, and TNM stage classification as covariates. No differences between the

two groups were observed after matching,.

Egﬁ cal outcomes

There was no difference between the IA and EA groups in operative time, but the [A
group had significantly less blood loss (14 vs 42 mL, P = 0.0087), shorter incision length
(3vs 4 cm, P =0.0001), and longer distal margin length (100 vs 80 mm, P = 0.0071) than
the EA group (Table 2). Bacterial culture and cytology of peritoneal lavage were
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]
performed for 39 patients in the IA group and 24 patients in the EA group. The results of
bacterial cult of peritoneal lavage showed that the percentage of positive bacterial
cultures was higher in the IA group, but the difference was not significant. Cytology

results showed no difference between the two groups (Table 3).

Short-terin postoperative outcomes
The IA group had a significantly faster time to first paggegas (1 vs 2d, P =0.0312) and time
to first stool (2 vs 3 d, P = 0.0484) than the EA group. The number of days on antibiotics
did not differ between the two groups. Postoperative complications, including total
complications, superficial/deep SSI, organ/space SSI, and anastomotic leakage, did not
differ between the two groups. Postoperative biological responses are shgwn in Table 4.
On the first postoperative day, the WBC count (10200 vs 8650/ mm3, P = 0.0068), C-
reactive protein (6.8 vs 4.5 mg/dL, P = 0.0011), and body temperature (37.7 vs 37.5 °C, P
=0.0079) were all significantly higher in the IA group than in the EA group. No difference
was observed between the two groups after the fourth and seventh days. There was no
difference in the percentage of patients receiving adjuvant chemotherapy between the
two groups (33.3% vs 40.4%, P = 0.5634). Fourteen patients (33.3%) in the IA group and
17 patients (40.4%) in the EA group received adjuvant chemotherapy. No differences
between the groups were observed for time from surgery to adjuvant chemotherapy and
completion rate or duration of adjuvant chemotherapy (Table 5).
Medium-term postoperative outcomes
The medium-term outcomes are shown in Table 6. The median follow-up time was 31.9
months in the IA group and 36.7 months in the EA group. The 3-year OS and 3-year DFS
periods for each anastomosis method are shown in Figure 2.

Three-year OS rates were not significantly different between the Iﬁﬁmd EA groups
(94.7% wvs 94.7%, respectively; P = 0.9891). DFS at 3 years was also_not significantly
different between the IA and EA groups (87.2% vs 82.7%, respectively, P = 0.4473). There

was no difference between the two groups in the type of recurrence.
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DISCUSSION

Compared to EA, IA is somewhat more difficult to perform, and the technique of opening
the intestinal tract in the abdominal cavity under insufflation may result in bacterial
infection and dissemination of tumor cells; therefore, the number of facilities that have
introduced IA is limited.

This retrospective study using propensity score matching was performed to examine
the two biggest problems in IA for colon cancer with opening the intestinal tract under
pneumoperitoneum: (1) Bacterial contamination by spreading stool juices; and (2)
peritoneal dissemination by spreading cancer cells. In a comparative study after
propensity score matching, there was no difference in operative time as a surgical
outcome for IA compared to EA in the present study. Previous studies have not reported
a reduction in operative time. Some reports indicate that IA and EA are comparable in
terms of operative time(!3], but in most reports, IA is longer than EA[413, and this applies
to robotic surgeryl16.17. On the other hand, the amount of bleeding was significantly lower
in [A. This means that, in EA, there is bleeding from the mesentery due to forced traction
when the intestine is guided out of the body and unintentional bleeding when the
mesentery is processed, whereas in IA, there is no forced traction on the mesentery, and
the mesentery is processed by energy devices in a qualified manner, resulting in less
bleeding. IA also shortened the length of the incision wound. However, the degree of
wound pain remained the same. In the present study, it is assumed that both IA and EA
were performed with an open umbilical port wound when removing the diseased
intestinal tract, which did not result in a difference in the number of analgesic
medications used. Currently, the Pfannenstiel incision is often used in IA to remove the
diseased intestinal tract, and this 'mcisiﬂ'l causes less wound pain. This incision also
results in fewer incisional herniasl!819. The number of lymph nodes dissected did not
differ between IA and EA, but the length of the resected intestine on the anal side was
long enough for IA. This indicates that IA is not inferior to EA as a surgical technique for

lymph node dissection in cancer treatment because the same number of lymph nodes can
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be dissected. Furthermore, IA allows for adequate length of the distal resection margin
and proper dissection of paracolic lymph nodes, which are prone to lymph node
metastasis. In the transverse colon, descending colon, and sigmoid colon, it is difficult to
guide the intestinal tract outside the body in EA, so the length of the resected intestinal
tract on the anal side tends to be shorter. However, IA has the advantage that the
intestinal tract can be separated while maintaining an appropriate distance from the
tumor, and the anastomosis can be performed safely. Therefore, in cases involving the
left side of the transverse colon to the sigmoid colon, IA may be superior from an
oncological standpoint and in terms of the safety of the surgical procedure.

Short-term postoperative results have generally shown that IA is associated with faster
recovery of postoperative bowel motility than EA, and the results of the present study
were similar(?l. IA is a less invasive treatment with the advantages of less blood loss,
shorter incision length, and earlier recovery of bowel motility compared to EA. In terms
of postoperative complications, the incidences of anastomotic leakage and SSI did not
differ significantly.

The first problem with IA_is the degree of bacterial contamination in the abdominal
cavity. In the present study, although the difference was not significant, the percentage
of positive bacterial cultures was higher for IA than for EA, suggesting that IA has a
higher risk for bacterial contamination and that great care should be taken in surgical
procedures. Although it has been reported that IA results in lower levels of inflammatory
mediators, which are endogenous substances that cause and maintain inflammatory
responses in the body, compared to EA[2l], as the present study showed, IA generally
results in higher postoperative body temperature and blood inflammatory responses.
However, there was no difference in organ/space SSIs such as intra-abdominal abscesses,
and there was no difference in the number of days on antibiotics to treat infections,
indicating that, though bacterial contamination was higher than with EA, no treatment
was required. The second problem, the dispersal of cancer cells in the abdominal cavity,
is discussed in terms of: (1) The presence of cancer cells in the anastomotic intestinal tract;

and (2) the prognostic value of a positive cytological diagnosis. First, it has been
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previously reported that, in colon cancer, the presence of free cancer cells in the intestinal
tract to be anastomosed is as high as 30%-50%[2221. It has also been reported that the
positive rate is higher for open surgery than for laparoscopic surgery. However, it has
been reported that free cancer cells were not observed in intestinal tracts longer than 10
cm!®], and if an appropriate length of intestinal tract is taken, it is safe to open the
intestinal tract without free cancer cells when performing IA. The presence of free cancer
cells may cause anastomotic recurrence and peritoneal dissemination, and IA, which
ensures intestinal length compared to EA, may have an oncological advantage. Second,
the 5-year survival rate is reported to be worse for patients with cytology-positive
colorectal cancer than for patients with cytology-negative colorectal cancer(2+25], and
peritoneal recurrence is the most common form of recurrence. In a study of gastric cancer
patients, there were reports that the prognosis was better in cases with a high volume of
intraperitoneal lavage than in cases with a normal volume of intraperitoneal lavage after
radical resectionl2¢l, whereas there were also reports that there was no improvement at
alllz7.28], making it difficult to eliminate the effects of disseminated cancer cells by
intraperitoneal lavage. In the present study, ascitic fluid cytology was negative in all cases,
and there was no evidence of shedding of free cancer cells from the intestinal tract. In
addition, the timing of chemotherapy initiation and completion rates were the same for
IA and EA, and the recurrence rate and type of recurrence were the same for IA; thus, the
technique of IA is comparable oncologically to that of EA and is not problematic. From
the above, the advantages and disadvantages of IA in clinical practice shown in the
present study are as follows. In terms of surgical outcomes, the advantages are reduced
blood loss, shortened wound length, and the ability to resect anal side intestine while
maintaining an accurate anal bowel distance from the tumor and to anastomose safely.
The disadvantage, in terms of surgical outcomes, is a longer operative time. In the short-
term postoperative results, the advantage is early recovery of postoperative bowel
movements, and the disadvantage is an increased inflammatory response.

The limitations of this study are that it was a retrospectiveétudy, although propensity

score matching was used in the statistical analysis; second, it was a single-center study
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with a small number of patients; and third, the follow-up period was short (3 years). To
overcome these limitations, a multicenter, prospective, observational study should be

conducted.

CONCLUSION

The short-term postoperative results of IA are comparable or superior to those of EA. The
medium-term results were oncologically comparable to those of EA, and peritoneal
recurrence, which is a concern, was also comparable. The ability to accurately obtain the
appropriate length of the resected intestine may be an advantage of IA from an

oncological point of view.
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