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Positive detection of exfoliated colon
cancer cells on linear stapler cartridges
was associated with depth of tumor
invasion and preoperative bowel
preparation in colon cancer
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Abstract

Background: The aim of this study was to investigate exfoliated cancer cells (ECCs) on linear stapler cartridges
used for anastomotic sites in colon cancer.

Methods: We prospectively analyzed ECCs on linear stapler cartridges used for anastomosis in 100 colon cancer
patients who underwent colectomy. Having completed the functional end-to-end anastomosis, the linear stapler
cartridges were irrigated with saline, which was collected for cytological examination and cytological diagnoses
were made by board-certified pathologists based on Papanicolaou staining.

Results: The detection rate of ECCs on the linear stapler cartridges was 20 %. Positive detection of ECCs was
significantly associated with depth of tumor invasion (p = 0.012) and preoperative bowel preparation (p = 0.003).
There were no marked differences between ECC-positive and ECC-negative groups in terms of the operation
methods, tumor location, histopathological classification, and surgical margins.

Conclusions: Since ECCs were identified on the cartridge of the linear stapler used for anastomosis, preoperative
mechanical bowel preparation using polyethylene glycol solution and cleansing at anastomotic sites using
tumoricidal agents before anastomosis may be necessary to decrease ECCs in advanced colon cancer.
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Background
The cause of suture-line recurrence following curative
colorectal cancer surgery is believed to be the presence
of exfoliated cancer cells (ECCs) at the anastomotic site
[1]. Many studies of suture-line recurrence have been
conducted in rectal cancer surgery; however, a greater
margin is used for colon cancer than for rectal cancer

cases, so that suture-line recurrence is less common in
colon cancer patients [2]. As a result, few studies have
reported on the presence of ECCs in the colonic lumen
of colon cancer patients. However, even in patients with
colon cancer, the incidence of suture-line recurrence has
been reported to be 0.8–5.9 % [2, 3]. Reconstruction fol-
lowing colon cancer surgery commonly involves the fab-
rication of a functional end-to-end anastomosis [4] using
a linear stapler, as a convenient procedure [5]. In the
present study, ECCs in the colonic lumen of colon can-
cer patients were examined based on the cytological
examination of the solutions washing the linear stapler
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used for functional end-to-end anastomosis, and we fur-
ther analyzed the relationship between positive detection
of ECCs and clinicopathological factors and prognosis.

Methods
Patients
The study subjects were 100 consecutive patients who
underwent laparoscopic (n = 61) or open (n = 39) colec-
tomy for colon cancer at our hospital, in whom a func-
tional end-to-end anastomosis using a linear stapler was
performed. After completing the anastomosis in each
case, the cartridge of the linear stapler was washed with
saline, which was collected for cytological examination.
Of the 100 patients examined, the localization of tumor
was as follows: cecum 17 cases, ascending colon 41,
transverse colon 28, descending colon 2, and sigmoid
colon 12. The depth of tumor invasion was pTis 8 cases,
pT1 16, pT2 7, pT3 47, and pT4 22. The histological
diagnosis was well-differentiated adenocarcinoma 46
cases, moderately 42, poorly 7, and others 5. All patients
were followed up 5 years or more after surgery, or until
metastasis was developed or death. Written informed con-
sent was obtained from all patients, after an explanation
of the design and aim of this study.

Preoperative bowel preparation
Full-laxative cleansing via polyethylene glycol solution
(PEG) was routinely used; however, for patients with
stenosis, other preparation methods (sodium picosulfate
or enema) were employed.

Cytology procedures
The procedure for the cytology of the washing samples
collected from the stapler cartridges was as follows. After
tumor resection, the intestinal lumen, distal and proximal
to the anastomotic site, was cleaned five times using cot-
ton balls soaked in either 5 % povidone-iodine or 0.025 %
benzalkonium chloride. Afterwards, a functional end-to-
end anastomosis was performed. The stapler cartridge
(GIA 80-3.8, Covidien, MA, USA) used for anastomosis
was washed using 100 ml of physiological saline, and the
washing samples were promptly subjected to cytological
analysis.

Evaluation of data
Cytological diagnoses were made by board-certified pa-
thologists based on Papanicolaou staining. Classes I, II,
and III were included in the negative group, while classes
IV and V were included in the positive group. Clinicopath-
ological factors, including age, gender, operation methods
(laparoscopic or open surgery), tumor location, depth of
tumor invasion, tumor size, lymph node metastasis, dis-
tant metastasis, stage classification, histopathological clas-
sification, margin from tumor, and preoperative bowel

preparation, and clinical outcome were compared between
the two groups.

Statistical analysis
In the present study, the χ2 test (Fisher’s exact test) was
used to compare frequencies between the two groups,
and the Mann-Whitney U test was used to compare in-
tergroup differences. The level of significance was set at
p < 0.05.

Results
Cytological analysis
The cytological analysis results were as follows: class I,
n = 17; class II, n = 61; class III, n = 2; class IV, n = 7; and
class V, n = 13 (Table 1). Based on the pathological diag-
nosis, all the patients were assigned to the positive group
(n = 20) and the negative group (n = 80).

The relationship between the status of ECCs and
clinicopathological factors
All positive cases had advanced cancers that had invaded
beyond the submucosal layer (T2–T4), while all of the
early cancers that had invaded the submucosal layer
(Tis, T1) were in the negative group (p = 0.012) (Table 2).
Regarding preoperative bowel preparation, the detection
rate of ECCs in cases where full-laxative mechanical
cleansing with PEG was performed was significantly
lower than that in cases where full-laxative mechanical
cleansing was not possible (p = 0.003) (Table 2). The two
groups did not differ significantly in terms of the oper-
ation method, tumor location, histopathological classifi-
cation, and margin from tumor (Table 2).

Follow-up outcome
Among all the cases, 81 were followed by colonoscopy
after surgery. Follow-up colonoscopy was performed in
74 patients (74 %) (observation range 3.9–121.4 months;
median observation period 64.1 months), and none were
found to have developed suture-line recurrence.

Discussion
We found that ECC-positive cases were recognized at
20 % on the stapler cartridges used for anastomosis in
patients with colon cancer. According to the relationship
between the status of ECCs and clinicopathological fac-
tors, the presence of ECCs was associated with depth of

Table 1 Cytology from a cartridge of a stapler

Class I 17 cases (17 %)

Class II 61 (61 %)

Class III 2 (2 %)

Class IV 7 (7 %)

Class V 13 (13 %)
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tumor invasion and preoperative bowel preparation. Our
study included 86 patients with right-sided colon cancer
in 100 colon cancer patients. Hasegawa et al. [6] re-
ported that 2 (11.1 %) and 10 (55.6 %) of 18 patients,
who underwent right hemicolectomy for right-sided
colon cancer, had ECCs at the terminal ileum and distal
colon anastomosis sites, respectively. They demonstrated
that surgical bowel occlusion on both sides of the tumor
before resection improved a decrease in the number of
ECCs. Recently, Maeda et al. [7] have shown that ECCs
were detected at distal colon and proximal colon of the
tumor within each 3 cm in almost patients with sigmoid
cancer, and ECCs decreased with distance from the
tumor. They also suggested that bowel ligatures could
decrease ECCs, leading to prevent local recurrence.
These findings indicated that the no-touch isolation
technique might influence the number of ECCs as previ-
ous reports suggested [8, 9]. In the present study, we
performed colectomy according to the no-touch isola-
tion technique. Consequently, the positive rate of ECCs
was 20 %. The difference of positive rate might be ex-
plained by the operative technique in addition to other
factors, including cleansing methods and bowel prepar-
ation methods.
Most studies of ECCs in the colonic lumen of colorec-

tal cancer patients have involved rectal cancer patients.
The incidence of suture-line recurrence has been re-
ported to be 11–18 % [10, 11] in rectal cancer, while that
in colon cancer has been reported to be 0.8–5.9 % [2, 3].
The possibility that ECCs can be implanted into freshly
cut tissues was first postulated by Sir Ryall in 1907 [12].
This hypothesis was later advanced to explain some
cases of suture-line recurrence following resection of
colorectal cancer. In order to demonstrate the potential
involvement of ECCs in the colonic lumen with suture-line
and local recurrences in an animal model, Fermor et al.
[13] injected ECCs collected from the colonic lumen of 17
colorectal cancer patients into the caudal vein of immuno-
compromised mice and showed that six mice developed
lung metastases. Several cases of suture-line recurrence fol-
lowing resection of colon cancer, especially sigmoid colon,
have been reported in Japan [14–17]. They discussed that
implantation was considered to be the most important

Table 2 Comparison of clinicopathological factors in the ECC-
positive and ECC-negative groups

ECC-positive
group

ECC-negative
group

p value

(n = 20) (n = 80)

Age 67.3 ± 12.0
years old

72.0 ± 9.6
years old

N.S

Gender

M 8 43 N.S

F 12 37

Operation method

Laparoscopic
surgery

10 (50 %) 51 (63.8 %) N.S

Open surgery 10 (50 %) 29 (36.2 %)

Tumor location

Cecum 4 (20 %) 13 (16.3 %) N.S

Ascending colon 9 (45 %) 32 (40 %)

Transverse colon 4 (20 %) 24 (30 %)

Descending
colon

0 (0 %) 2 (2.5 %)

Sigmoid colon 3 (15 %) 9 (11.2 %)

Depth of tumor invasion

pTis 0 (0 %) 8 (10 %) 0.012

pT1 0 (0 %) 16 (20 %) (Tis, T1 vs. T2–T4)

pT2 2 (10 %) 5 (6.2 %)

pT3 16 (80 %) 31 (38.8 %)

pT4 2 (10 %) 20 (25 %)

Tumor size (mean ± SE)

58.6 ± 16.7 mm 49.2 ± 32.6 mm 0.0239

Lymph node metastasis

pN(−) 13 48 N.S

pN(+) 7 32

Distant metastasis

pM0 1 12 N.S

pM1 19 68

cStage

0 0 7 N.S

I 2 18

II 10 21

III 7 21

IV 1 13

Histopathological classification

Well 8 38 N.S

Moderately 9 33

Poorly 1 6

Others 2 3

Table 2 Comparison of clinicopathological factors in the ECC-
positive and ECC-negative groups (Continued)

Margin from tumor (mean ± SE)

Oral side 16.7 ± 2.5 cm 14.6 ± 1.1 cm N.S

Anal side 12.3 ± 1.5 cm 12.8 ± 1.0 cm N.S

Preoperative bowel preparation

PEG 8 (40 %) 60 (75 %) 0.003

Others 12 (60 %) 20 (25 %)
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factor in terms of the cause of recurrence at anastomotic
sites. The frequency of suture-line recurrence in colon can-
cer was very low though ECCs were frequently detected in
colonic lumen. Indeed, we detected ECCs in 20 % of the
colon cancer cases we analyzed. However, no suture-line
recurrence was observed in our series of colon cancer for
5-year observation after colectomy. The cell viability of
ECCs was investigated to understand etiological mechan-
ism of anastomotic recurrence. Rosenberg et al. [18] re-
ported the presence of no viable cells, as assessed by trypan
blue exclusion. However, Umpleby et al. [19], using trypan
blue exclusion and hydrolysis of fluorescein diacetate,
showed that 70 % of patients with colorectal cancer had vi-
able cells exfoliated into the bowel lumen. In general, other
factors, which are associated with the potential of implant-
ation, must be required even if ECCs still have viability.
In the present study, we found that the positive rate of

ECCs was 11.8 % in patients with PEG, while it was
37.5 % in patients without PEG. Mechanical bowel prep-
aration using PEG may be effective for decreasing the
number of ECCs. Previous reports [6, 7] also suggested
same findings. Regarding mechanical bowel preparation
using PEG, Slim et al. [20] have described that anasto-
motic leakage was significantly found after mechanical
bowel preparation (odds ratio 1.75; p = 0.032) and con-
cluded that mechanical bowel preparation using PEG
should be omitted before elective colorectal surgery.
Therefore, mechanical bowel preparation is routinely
not performed in patients undergoing elective colon
cancer because of employing “enhanced recovery after
surgery” (ERAS) protocol widely. Recently, clinical prac-
tice guidelines [21] from the USA recommend the use of
both mechanical bowel preparation and oral antibiotic
bowel preparation. Many surgeons still conduct mechan-
ical bowel preparation using PEG in the USA [22] and
Japan [23]. Mechanical bowel preparation using PEG
might contribute to decrease positive ECCs in advanced
colorectal cancer, leading to decrease the possibility of
anastomotic recurrence in addition to prevention of
anastomotic leakage and surgical site infection.
In a previous study [5], the outcome of reconstruction

following colon cancer surgery was compared between
hand-sewn and stapled anastomosis. While the safety
was comparable, it was radiographically confirmed that
suture leakage was more common with hand-sewn anas-
tomoses. Hence, functional end-to-end anastomosis has
primarily been performed using a stapler. In the present
study, the washing samples of the cartridge of the linear
stapler used for functional end-to-end anastomosis were
examined cytologically. The rationale for using the
washing samples of the cartridge in this study was that
they would better reflect the presence of ECCs than the
washing solutions of the colonic lumen. In addition, the
presence of ECCs on the cartridge was considered to be

a cause of suture-line recurrence. Prior to the present
study, ECCs had been cytologically identified in the
physiological saline used to irrigate the colonic lumen.
In the present study, 5 % povidone-iodine was first used
as a tumoricidal agent to irrigate the colonic lumen prior
to anastomosis [24, 25]. However, since povidone-iodine
should not be used in the abdominal cavity due to severe
damage of normal mucosa, we have employed 0.025 %
benzalkonium chloride, as an alternative. Therefore, the
ECC detection rate might be lower in the present study
than that reported by Umpleby, et al. [19] who used nor-
mal saline for bowel irrigation.
Our results indicated that the detection rate of ECCs,

which could be detected at anastomotic sites even on
the stapler cartridges, might be increased in advanced
colon cancer with more than T2 and in elective colon
cancer patients without mechanical bowel preparation
using PEG, leading to increase the possibility of inci-
dence of suture-line recurrence. To prevent the possibil-
ity of incidence of suture-line recurrence, we should
conduct preoperative mechanical bowel preparation
using PEG, perform surgical operation by the no-touch
isolation technique, and irrigate the colonic lumen prior
to anastomosis using 0.025 % benzalkonium chloride as
a tumoricidal agent.

Conclusions
We found ECCs on the cartridge of the linear stapler
used for anastomosis in 20 % of the colon cancer cases
we analyzed. Most of the positive ECCs were identified
in advanced colon cancer without PEG. Therefore, pre-
operative mechanical bowel preparation using PEG and
cleansing at anastomotic sites using tumoricidal agents
before anastomosis may contribute to decrease ECCs in
advanced colon cancer.
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