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Abstract. The placement of a self‑expanding metallic stent 
(SEMS) in obstructive colorectal cancer (OCRC) is acknowl-
edged to be a safe and effective procedure for the relief of 
obstruction. However, there is concern that shear forces 
acting on the tumor during stent expansion may release 
cancer cells into the circulation, resulting in a poor prog-
nosis. The aim of the present study was to determine whether 
colonic stent insertion increases viable circulating tumor 
cells (v‑CTCs). A telomerase‑specific replication‑selective 
adenovirus‑expressing GFP (TelomeScanF35) detection 
system was used to detect v‑CTCs in 8 OCRC patients with 
a SEMS before and after stent insertion and after surgical 
resection. In 7 patients, a SEMS was inserted as a bridge 
to surgery (BTS), and in one patient, a SEMS was inserted 
for palliation. Surgical resection (R0) was performed in 
7 patients. Four patients had no v‑CTCs before SEMS place-
ment, two of four measurable patients had an increased 
number of v‑CTCs after SEMS placement (1‑3 v‑CTCs), and 
one of two patients with increased v‑CTCs developed distant 
lymphatic metastasis despite curative resection. Four patients 

had v‑CTCs (1‑19 cells) before SEMS placement, and two of 
these four patients had an increase in the number of v‑CTCs 
(20‑21 cells) after SEMS placement, while one of the four 
patients died early with distant metastasis. The present study 
demonstrated that endoscopic stent insertion for OCRC may 
result in tumor cell dissemination into the peripheral circula-
tion and may induce distant metastases.

Introduction

At the time of the initial diagnosis of colorectal cancer, 
8‑13% of patients have obstructive symptoms  (1,2). The 
treatment of choice for these patients has traditionally 
been emergency surgery. However, most studies have 
found that the morbidity and mortality rates are higher for 
emergency colorectal surgery than for elective surgery, and 
a temporary colostomy, which decreases patients' quality 
of life, is needed in many patients, which, in 10‑40% of 
cases, becomes permanent (3). The purpose of stenting as 
a bridge to surgery (BTS) is to relieve the acute situation 
without emergency surgery, allowing elective surgery to 
be performed and thus improve surgical outcomes, deter-
mine the correct tumor stage, detect synchronous lesions, 
stabilize comorbidities, and carry out laparoscopic surgery. 
Immediate results in higher surgical risk patients who were 
stented were better for primary anastomosis, permanent 
stoma, wound infection, and overall morbidity, resulting 
in greater benefit. However, stent insertion was recently 
reported to have a high risk of perforation, re‑obstruction, 
or stent migration (4,5). Moreover, perforations can lead to 
peritoneal dissemination. Sabbagh et al (6) reported worse 
overall survival and higher 5‑year cancer‑specific mortality 
of left‑sided obstructive colorectal cancer (OCRC) patients 
with self‑expanding metallic stent (SEMS) insertion than 
emergency surgery due to perforation induced by stent 
insertion. Furthermore, SEMS insertion as a BTS is no 
longer recommended for symptomatic left‑sided OCRC in 
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the European Society of Gastrointestinal Endoscopy clinical 
guidelines due to the high perforation rate (5).

The dissemination of hematogenous tumor cells is an 
important first step in the metastatic cascade of solid cancers, 
including colorectal cancer. Given this, detecting and charac-
terizing circulating tumor cells (CTCs) are of major interest to 
understand how cancer cells migrate through the bloodstream 
to reach specific distant sites and form metastases. CTC traf-
ficking is poorly understood, and CTCs' biological behavior 
is not clear. Specific detection of occult metastatic tumor 
cells at the single‑cell stage in the peripheral blood before the 
occurrence of incurable metastases is now possible due to the 
development of analytically sensitive immunocytochemical 
and molecular assays. Several important papers have demon-
strated the usefulness of detecting CTCs for the prediction 
of clinical outcomes in patients with solid tumors, including 
CRC. The CellSearch® system is the only technology with 
FDA approval for the detection of CTCs in patients with 
metastatic colorectal, breast, and prostate cancers (7). This 
detection system uses positive epithelial cell adhesion molecule 
(EpCAM) selection of the CTCs. Though most primary CRCs 
express EpCAM, its expression can be downregulated during 
tumor cell dissemination due to epithelial‑mesenchymal tran-
sition (EMT) plasticity (8). Thus, CellSearch may overlook 
CTCs in cases of tumors that have undergone EMT and lack 
EpCAM expression. Furthermore, many of the CTCs that 
are detected by CellSearch are not viable, but apoptotic (9). 
Currently, no sensitive assays have been developed for the 
detection of viable CTCs (v‑CTCs).

Telomerase expression is a hallmark of cancer (10) and 
is required for limitless proliferation of tumor cells. The 
catalytic domain of human telomerase, hTERT, is silenced in 
normal human somatic cells, but activated in the majority of 
cancers (11). A new approach for the visual detection of live 
human CTCs using a telomerase‑specific replication‑selective 
adenovirus‑expressing GFP has recently been developed (12). 
The first step was the construction of a GFP‑expressing 
attenuated adenovirus, in which the telomerase promoter 
regulates viral replication (OBP‑401, TelomeScan). However, 
the identification of false‑positive cells (GFP‑positive normal 
blood cells) is a major concern when replicating adenovirus 
(rAd)‑GFP is used, particularly at high titers. Furthermore, 
rAd‑GFP cannot detect CTCs lacking or expressing low 
levels of coxsackievirus‑adenovirus receptor (CAR), because 
rAd‑GFP is constructed based on Ad serotype 5, which recog-
nizes CAR. In order to avoid the identification of false‑positive 
cells, sequences that are perfectly complementary to blood 
cell‑specific microRNA, miR‑142‑3p, were incorporated into 
the 3'‑untranslated region of the E1B and GFP genes. In addi-
tion, the fiber protein was replaced with that of Ad serotype 35, 
which recognizes human CD46, creating rAdF35‑142T‑GFP 
(OBP‑1101, TelomeScanF35). With this TelomeScanF35, not 
only CAR‑positive cancer cells, but also CAR‑negative cancer 
cells were efficiently labeled with GFP (13).

Based on the literature examining the strong and weak 
points of stent insertion for OCRC patients, suspicion has been 
raised about whether shear forces that act on the tumor during 
expansion of the stent may result in the release of CTCs into 
the circulation and induce early distant metastases, resulting 
in a poor prognosis despite curative resection for OCRC. The 

present study aimed to clarify whether insertion of colonic 
stents increased v‑CTC levels using a novel detection method, 
TelomeScanF35, and to address whether colonic stenting for 
OCRC is friend or foe.

Materials and methods

Patients. Between October 2013 and June 2015, patients who 
underwent stenting for OCRC were enrolled. Stenting was 
performed in patients needing emergency bowel decompres-
sion for OCRC, excluding those with suspected or impending 
perforation, enteral ischemia, or intra‑abdominal abscess. 
This study was a single institution trial, approved by the Kure 
Medical Center IRB (25‑40) prior to enrolling patients and 
was conducted in accordance with the Declaration of Helsinki 
and Good Clinical Practice. Written informed consent was 
obtained from all patients prior to any study procedure or 
treatment. Clinicopathological factors and clinical stage were 
classified using the criteria of the Union for International 
Cancer Control (UICC) (14). Patients with primary tumors 
who were undergoing resection were classified as ‘BTS’, while 
patients who were not scheduled for surgery were classified as 
‘palliative’. All clinical data were collected prospectively, and 
all patients who underwent stent placement were followed‑up 
after discharge.

Inclusion criteria. The inclusion criterion was large bowel 
obstruction diagnosed by abdominal X‑ray, colonoscopy, 
or computed tomography (CT) scan, including those with 
colorectal obstruction secondary to malignant neoplasms. 
Only patients with no previous colonic stenting were included.

Colonic stenting. SEMS placement was performed by one of 
two experienced endoscopists (T.K., T.Y.) at Kure Medical 
Center using 22x60, 22x80, or 22x100 mm uncovered Niti‑S 
stents (Taewoong Medical Co., Ltd., Seoul, South Korea) in 
all cases. After the obstruction was confirmed by CT imaging, 
an endoscope was passed to the obstruction. The stricture was 
passed with a tandem catheter and JAG wire under fluoroscopic 
guidance; contrast was injected to delineate the stricture and 
confirm intraluminal deployment. After stent deployment, its 
position was confirmed by fluoroscopic imaging. Successful 
deployment with fluoroscopic confirmation was defined as 
technical success, while clinical success was defined as the 
resolution of obstructive symptoms with stool/flatus passage. 
Abdominal X‑rays were taken one day after stenting to further 
confirm stent extension and position. Finally, clinical success 
was defined as the relief of obstructive symptoms, while 
technical success was defined as satisfactory dilatation of the 
stenosis.

Surgical procedures. Patients undergoing resection after 
SEMS placement as a BTS were the primary subjects. BTS 
was defined as scheduled elective surgery regardless of the 
time elapsed between SEMS insertion and surgery. In a BTS 
setting, laparoscopic surgery was performed.

Assessment of tumor stage and oncological management. 
Tumor stage was defined using the TNM classification of 
Malignant Tumors 7th edition, published by the UICC. The 
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final oncological strategy was decided based on discussion 
in a weekly, multidisciplinary staff meeting. Patients with 
UICC stage  II and III cancers were advised to undergo 
adjuvant chemotherapy. The chemotherapy protocol in stage II 
CRC with risk factors for recurrence (46‑1201) was set by 
the Japanese Foundation for Multidisciplinary Treatment of 
Cancer (JFMC, http://www.jfmc.or.jp/).

Detection of CTCs in the blood samples of OCRC. Peripheral 
blood was collected for CTC evaluation before/after SEMS 
placement and after resection. CTCs in the peripheral 
blood samples of cancer patients were detected as previ-
ously described  (12,13). Briefly, cells recovered from the 
7.5‑ml blood samples of OCRC patients were incubated with 
1x109 VP of rAdF35‑142T‑GFP (TelomeScanF35) at 37˚C. 
Following 24‑h incubation, the cells were washed and stained 
with anti‑human CD45 antibody (clone HI30; Biolegend, San 
Diego, CA) and then observed by fluorescence microscopy. 
Human v‑CTCs and false‑positive cells were defined as 
GFP+/CD45‑ and GFP+/CD45+ cells, respectively. To distin-
guish v‑CTCs as of epithelial origin, cells were stained with 
anti‑cytokeratin antibody (628502 and 628602; BioLegend, 
San Diego, CA, USA). To further distinguish v‑CTCs as of 
mesenchymal origin, cells were labeled with anti‑vimentin 
antibody (Ab45939; Abcam, Cambridge, UK).

Results

Patients' characteristics. From October 2013 to June 2015, 
8 patients were enrolled. A flowchart of these 8 patients is 
shown in Fig. 1. There were no exclusions as a result of loose 

stenosis on colonoscopy, adhesive small bowel obstruction, 
or placement of another type of SEMS. Stent insertion was 
performed as a BTS in 7 patients and for palliation in one 
patient. CTC detection by TelomeScanF35 was performed in 
all 8 patients at the times described above.

Table  I lists the patients' baseline characteristics. The 
median age was 76 years (range, 62‑85 years). Five patients 
had an Eastern Cooperative Oncology Group performance 
status of 0, and the remaining 3 patients had performance 
status of 1 or 2 (PS1 1, PS2 2). OCRCs were located in the 
sigmoid colon in 5 patients, descending colon in 2 patients, 
and transverse colon in 1 patient. The median tumor size was 
70 mm (range, 40‑80 mm). Four patients were diagnosed as 
TNM stage II, and 4 patients were diagnosed as stage III. 
The median pre‑operative CEA level was 8.3 ng/ml (range, 
3.4‑91.4 ng/ml).

Technical success of SEMS placements. All patients underwent 
successful SEMS insertion. All patients required a single stent 
in the first attempt. Of the total of 8 stents, the most commonly 
used stent lengths were 22x80 and 22x100 mm (n=3), but in 
2 patients, a 22x60‑mm‑long stent was selected.

Analysis of clinical success as a BTS and perioperative 
complications. All 7 patients in the BTS group underwent 
laparoscopic surgery. No patients required a permanent stoma. 
The median time from SEMS placement to surgery was 
15 days (range 13‑27 days). No silent perforations occurred. 
As to perioperative complications, there was no anastomotic 
leakage. Additionally, no surgical site infections (SSIs) of any 
grade occurred. Taken together, these findings indicate that 
there was no correlation between the time elapsed from stent 
insertion to surgery and perioperative complications, including 
anastomotic leakage and SSI. The median duration of hospi-
talization after surgery was 10 days (range, 7‑15 days). Both 
the overall 30‑day mortality rate after technically successful 
SEMS placement and hospital postoperative mortality were 
zero.

Survival. Median follow‑up in the 8 patients with SEMS place-
ment was 28.1 months (range, 15.5‑34.6 months). There was 
one cancer‑related death in the palliative patient, and disease 
recurrence occurred in one patient in the BTS group 24 months 
after curative resection (Table II). The site of recurrence in 
this patient was pelvic lymph nodes (Fig. 2), but this recur-
rent patient had undergone R0 resection and received systemic 
chemotherapy with UFT+LV after resection (Table II).

Detection of CTCs in the blood isolated from OCRC patients 
with SEMS placement. The TelomeScanF35 system assumes 
that GFP‑positive and CD45‑negative cells are true CTCs. 
During cancer invasion and metastasis, some cancer cells 
undergo an EMT (15), resulting in the downregulation of some 
cytokeratins (16), and, therefore, these important CTCs will be 
stained with both anti‑vimentin antibody and anti‑cytokeratin 
antibody to prevent missing these CTCs. As shown in Table II, 
the number of CTCs detected within the peripheral blood 
circulation before/after SEMS placement and after resection 
was summarized. Prior to SEMS placement, CTCs were 
detected in the peripheral blood (range, 1‑19 CTCs) in 50% 

Figure 1. Flowchart of this study. Eight patients with OCRC were enrolled. 
SEMS insertion was performed for 7 patients as a BTS and for 1 patient 
as palliative therapy. CTC detection by TelomeScanF35 was conducted 
before/after stent insertion and after surgical resection. Three of eight patients 
also underwent CTC detection in the follow‑up period. CTC, circulating 
tumor cells; OCRC, obstructive colorectal cancer; SEMS, self‑expanding 
metallic stent.
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(4/8) of the patients. Following stent insertion, a large increase 
in the number of CTCs was seen in two of these four patients. 
On the other hand, no CTCs were detected in four of eight 
patients before stent insertion, but, following stent insertion, 
an increase in the number of CTCs was seen in two of four 
patients in whom no CTCs were detected before stent inser-
tion. However, no significant differences in the number of 
CTCs before/after stent insertion were observed, because of 
the small study size. The majority of v‑CTCs detected by 
TelomeScanF35 expressed the vimentin molecule, which is 
a mesenchymal marker (EMT marker) on the cell surface. It 
is important to note that v‑CTCs, expressing both vimentin 
and cytokeratin molecules (double‑positive CTCs) appeared 
in the peripheral blood circulation after SEMS insertion in 
case 1 (Table II). Unfortunately, early recurrence occurred in 
case 1 despite curative resection and adjuvant chemotherapy 
(Table II, Fig. 2). Taken together, it was clearly demonstrated 
that an increase in the number of CTCs was observed after 
stent insertion, and that shear forces that act on the tumor 
during expansion of the SEMS may result in a direct release of 
some cancer cells, undergoing or not undergoing EMT in the 
peripheral blood circulation, and this may induce early recur-
rence despite R0 resection or adjuvant therapy. One elderly 
patient was treated as a palliative case, as described above. 
As shown in Fig. 3, 3 cells of vimentin‑positive v‑CTCs were 
detected before stent insertion, the morphological findings of 

these detected v‑CTCs were single‑cell, and they were similar 
to the images of peripheral blood cells. Subsequent to stent 
insertion, the number of v‑CTCs was markedly increased, and 
the phase‑contrast and fluorescent images of v‑CTCs displayed 
the cell‑cluster formation. Accordingly, the large cancer 
cell‑clusters were squeezed into the peripheral blood circula-
tion by the mechanical destruction of tumor vascular networks 
during SEMS expansion. Furthermore, these cell‑clusters of 
v‑CTCs were continuously detected for over one year after 
stent insertion (Fig. 3).

Discussion

Acute malignant colorectal obstruction occurs in 8‑13% of 
CRC patients (1,2). BTS SEMS placement has been shown to 
of use in the surgical treatment of patients with OCRC (17). 
However, not all patients achieve the same benefit, because 
older patients or those with important comorbidities are the 
ones who would benefit most from transforming emergency 
surgery into elective surgery. Moreover, obstructive colitis 
caused by OCRC sometimes involves skipped lesions (18), 
and identifying mucosal changes in the whole colon is 
difficult by verifying the resected stump and specimens. 
These mucosal changes are considered to increase the risk 
of anastomotic leakage associated with obstructive colitis. 
Accordingly, OCRC patients with stenting as a BTS should 
be able to undergo preoperative colonoscopy to evaluate 
mucosal changes, including obstructive colitis and mucosal 
edema. Furthermore, recent noteworthy papers reported that 
stent insertion is now safe due to better techniques, improved 
training and experience of the physicians who perform this 
procedure, and clearer guidelines (17,19,20).

However, whether stenting as a BTS is oncologically safe 
in the management of acute malignant colonic obstruction 
must be considered. Theoretically, enforced radical dilata-
tion by a stent could not only increase the risk of perforation, 
but tumor manipulation can result in cancer cell spread into 
the surrounding lymphatic vessels and peripheral blood-
stream (4,21,22). Accordingly, in the present study, it was 
found that a markedly increased number of v‑CTCs detected 
by a novel method, TelomeScanF35 (13), was found in patients' 
circulation after completion of endoscopic stent insertion. 
Moreover, serial measurement of v‑CTCs before/after stent 
insertion and after radical resection was performed to evaluate 
in which patients the v‑CTCs are effectively cleared from the 
blood by either radical resection or adjuvant chemotherapy.

As shown in Table II, v‑CTCs were detected in the periph-
eral circulation in four (BTS: 3 patients, palliative: 1 patient) 
of eight patients prior to stent placement, and either a potent 
increase or a similar level of the marker of v‑CTCs was 
observed in two of these four patients after stent insertion, 
except for the one palliative patient. However, curative resec-
tion of primary tumor and adjuvant chemotherapy may lead to 
significant clearance of v‑CTCs, which may be associated with 
no recurrence. On the other hand, no v‑CTCs were detected in 
four of eight patients before stent insertion, and subsequently, 
v‑CTCs were detected in two of these four patients after stent 
placement. For these two patients who were v‑CTC‑positive, 
one patient unfortunately had early relapse despite curative 
resection, adjuvant treatment, and a normalized CEA level. 

Table I. Clinicopathological factors, surgical methods and 
complications in 8 patients undergoing SEMS insertion.

Clinicopathological characteristics, 
surgical methods and complications	 No.

Number of patients	 8
Sex (male/female)	 5/3
Age (median, range)	 76, 62‑85
Performance status (0/1‑2)	 5/3
Pre‑operative CEA level (ng/ml, median, range)	 8.3, 3.4‑91.4
Tumor location (transverse/descending/sigmoid)	 1/2/5
Tumor stage (T2/T3/T4)	 0/8/0
Node status (N0/N1‑2)	 4/4
UICC stage (II/III)	 4/4
Maximal tumor size (mm, median, range)	 70, 40‑80
Surgical method (Open surgery/laparoscopic	 0/7
surgery)	
Curability (R0/R1‑2)	 7/0
Colostomy formation (yes/no)	 0/7
Post operative complication (yes/no)	 0/7
Histopathological type (Well/Mod/Por/Muc)a	 4/3/0/1
Venous invasion (+/‑)	 2/5
Lymphatic invasion (+/‑)	 2/5

aWell, well-differentiated adenocarcinoma; Mod, moderately‑ 
differentiated adenocarcinoma; Por, poorly‑differentiated 
adenocarcinoma; Muc, mucinous adenocarcinoma; CEA, carcino
embryonic antigen; UICC, Union for International Cancer Control; 
SEMS, self‑expanding metallic stent.
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Figure 3. The number of v‑CTCs in the patient given palliative therapy (case 8). v‑CTCs are single‑cell before stenting, and a cell‑cluster of v‑CTCs forms 
after stenting. They continue to appear for over one year after stenting. GFP, green fluorescent protein; CD, cluster of differentiation; v‑CTC, viable circulating 
tumor cells.

Figure 2. The clinical course and number of v‑CTCs of the patient with recurrence in pelvic lymph nodes after surgery (case 1). (A) Black and white arrows 
show stenosis due to colorectal cancer before stent insertion, a SEMS after endoscopic stent insertion and recurrence in the pelvic lymph nodes at follow‑up CT 
and PET‑CT. (B) White and black arrows show v‑CTCs at each point of the clinical course. v‑CTCs continue to be observed after radical resection. GFP, green 
fluorescent protein; CD, cluster of differentiation; v‑CTC, viable circulating tumor cells; PET, positron emission tomography; CT, computed tomography; 
H&E, hematoxylin and eosin.
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The number of v‑CTCs was further increased after resection 
and in the follow‑up period. In particular, the detected v‑CTCs 
expressed vimentin, which is a mesenchymal marker. Many 
v‑CTCs probably stay detected as vimentin‑positive cells due 
to an EMT process of tumor cells (15). This group of CTCs may 
be important in the treatment of metastatic disease, because 
they are stem‑like cancer cells that appear to not respond 
well to current therapies (23). The other patient developed no 
recurrence despite the advanced stage of the primary CRC. 
These clinical findings may be associated with elimination of 
v‑CTCs after surgery. Normally, the malignant potential of 
these v‑CTCs is not very strong, and, consequently, these cells 
cannot survive long in the blood circulation.

In the present series of patients with stent placement, it was 
not possible to investigate whether there was a significant corre-
lation between CTCs and tumor stage, histopathological type of 
tumor, venous invasion, or lymphatic invasion. Thus, stenting's 
prognostic impact continues to be unclear. Even though stenting 
is beneficial for OCRC, there are still oncological issues that 
need to be clarified. Recently, one retrospective study showed 
that the incidence of perineural invasion was significantly 
increased after stenting (22). Perineural invasion is known to 
be a marker of a poor prognosis in colorectal cancer (24). The 
reason why stenting appears to induce perineural invasion is 
not known, though it may be related to the pressure effect of a 
self‑expandable stent, which induces cancer cell invasion into 
the perineural space. In a similar mechanism, cancer cells could 
be pushed into the surrounding vessels and into the peripheral 
bloodstream, resulting in CTC detection after stenting.

In conclusion, this is the first report that supports the 
hypothesis of a correlation between an increase in v‑CTCs, 
serially detected by TelomeScanF35, and stent placement in 
OCRC patients. The conclusions of this study may open a 
window of opportunity for raising an alarm about SEMS place-
ment in OCRC. Although stenting has some advantages as a 
BTS in OCRC, the oncological risk and long‑term prognosis 
of this approach have not been clarified. In the future, a large 
randomized, controlled study of stenting as a BTS is needed 
to clarify its oncological safety, feasibility, and long‑term 
prognosis.
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