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Abstract

Background The evolution of diagnostic procedures has
resulted in an increase in early detection of pathologically
T1 (pT1) colorectal cancer (CRC). However, the risk fac-
tors affecting long-term outcomes of patients with pT1
CRCs have been unclear. The aim of the present study was
to identify risk factors for postoperative recurrence and
overall survival in patients with pT1 CRC.

Methods Between January 1990 and January 2003, a total
of 284 patients with pT1 CRC underwent radical surgery in
the authors’ institution. The impact of clinicopathological
factors on postoperative recurrence and overall survival
was estimated by univariate and multivariate analysis.
Results The median follow-up period was 55 months
(interquartile range: 47.1 months). Postoperative recur-
rence occurred in 8 (2.8%}) patients. The overall 5-year and
10-year disease-free survival rates were 98.4 and 92.7%.
Multivariate analysis showed the presence of lymphatic
invasion only was an independent risk factor for postop-
erative recurrence in pT1 CRC patients (hazard ratio:
11.622; P = 0.003). The 5-year and 10-year disease-free
survival rates of the patients in N-ly— group, the
N-ly + group, and the N+ group were 99.5%/98.2% and
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96.3%/75.2%, and 93.3%/93.3%, respectively. Addition-
ally, 4 of the 8 recurrences were found more than 5 years
after the operation.

Conclusions Lymphatic invasion was an independent risk
factor for recurrence in pT1 CRC patients.

Introduction

Colorectal cancer (CRC) is one of the most common
malignancies and a leading cause of cancer-related deaths
in Europe and the United States [1]. Likewise, it is also the
third leading cause of cancer deaths in Japan, and 41,000 of
the deaths in Japan were attributable to CRC in 2006 [2].

- Recent advancements in the diagnosis of CRC have led
to an increase in the detection of pathologically T1 (pT1)
CRCs, resulting in less invasive treatment including local
resections, such as endoscopic submucosal dissection
(ESD) and transanal endoscopic microsurgery (TEM) in
selected cases [3-5]. However, these patients treated with
local excision have a relatively high risk of recurrence
because these treatments leave metastatic lymph nodes in
8-15% of pT1 CRC patients without definitively retrieving
regional lymph nodes [6], resulting in 4.1-39% of local
recurrence in patients with pT1 CRC treated by TEM [7].
To minimize local recurrence due to incomplete lymph
node dissection, radical surgery has been recommended in
Japanese guideline for treatment of CRC. Consequently,
patients with pT1 CRC have a good prognosis, and the
recutrrence rate has been reported to be 1.3% after radical
surgery [8].

To allow these local excisions and define the indication,
it is necessary to clarify the risk factors that affect lymph
node metastasis and prognosis by conducting a cohort
study focusing on patients with curative surgical resection.
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Most previous studies evaluated risk factors for lymph
node metastasis, such as tumor budding and lymphatic
invasion [9-11], and there is little evidence with regard to
risk factors of postoperative recurrence in patients with
pT1 CRC. The aim of the present study was to identify the
predictive risk factors that may affect postoperative relapse
in patients with pT1 CRC.

Patients and methods
Patients

Between January 1990 and January 2003, 2,151 patients
with CRC underwent radical resection in the authors’
institution, and, of these, 284 patients with pT1 CRC
formed the basis of the present study. Of those 284
patients, 107 patients had undergone endoscopic mucosal
resection prior to eventual radical surgery. The pathologi-
cal findings of these patients were confirmed by the spec-
imens retrieved by surgical excision or endoscopic mucosal
resection. The authors’ treatment strategy for pI'l CRC
was based on the Japanese treatment guideline for
CRC [12]. The Japanese guideline recommends that pT1
CRC other than pSM1 CRC without any lymphatic and
vascular invasion, which is confirmed by local excision
including endoscopic mucosal resection, should be
removed together with regional lymph nodes by definitive
surgical resection, whereas pSM1 CRC without any lym-
phatic and vascular invasion can be observed only with
scheduled follow-up. All the clinical data, including age,
sex, site distribution, tumor differentiation, depth of tumor
invasion, tumor size, lymph node metastasis, and lymphatic
and vascular invasion, were collected from prospectively
maintained database. '

Surveillance system

Before 2000, all patients underwent postoperative surveil-
lance that consisted of measurement of the serum tumor
markers carcinoembryonic antigen (CEA) and CA19-9,
abdominal computed tomography (CT), and a chest X-ray
every 6 months. After 2000 the chest X-ray was replaced
by chest CT. Colonoscopy was performed one year after
the operation and every 3 years thereafter. Postoperative
surveillance was usually discontinued in patients without
any relapse by 6 years after surgery, but it was continued if
the patient wished.

Pathological findings

The histopathological diagnosis was made by independent,
experienced pathologists. The depth of submucocal

invasion was measured as vertical distance from the mus-
cularis mucosae to the deepest point of tumor invasion in
the submucosa. According to previous reports, the level of
submucosal invasion was defined as follows: SM1 if the
deepest point of invasion was in the upper third of the
submucosa; SM2 if the deepest point of invasion was in the
middle third of the submucosa; and SM3 if the deepest
point of invasion was in the lower third of the submucosa
[13]. Lymphatic invasion and venous invasion were
defined as positive when tumor cells were seen in the
lumen of a lymphatic vessel and in the lumen of a vein,
respectively. The standard staining methods in the authors’
institution (e.g., with hematoxylin and eosin was used, and
Elastica van Gieson (EVG) staining was used to identify
venous walls.

Statistical analysis

Continuous variables were compared by the Mann—Whit-
ney U-test. Categorical variables were compared with
Fisher’s exact test. Overall survival was analyzed by
Kaplan—-Meier survival curves, and comparisons were
made by the log-rank test. The hazard ratio for postoper-
ative recurrence and survival was calculated by Cox’s
proportional hazard model. All the reported P values were
two-tailed, and P < 0.05 was considered statistically sig-
nificant. All analyses were performed with SPSS version
17 statistical software package (SPSS, Chicago, IL).

Results

The patients’ background is shown in Table 1. Data from
the records of 284 patients were analyzed in the present
study. The median follow-up period was 55 months
(interquartile range: 47.1 months).

Eleven (65%) of 17 patients who had lymph node
metastases were positive for lymphatic invasion. In uni-
variate analysis, the presence of lymphatic invasion and the
depth of invasion (pSM3) were associated with an
increased incidence of lymph node metastasis (Table 2).
Other factors had no significant correlation with the pres-
ence of lymph node metastasis. In multivariate analysis,
the presence of lymphatic invasion (HR: 5.916, CI:
2.027-17.265, P = 0.001), and the depth of invasion
(pSM3) (HR: 6.579, CI: 1.704-25.396, P = 0.006) were
significant risk factors for lymph node metastasis
(Table 2).

The 5-year and 10-year disease-free survival (DFS) rates
were 98.4 and 92.7% (Fig. 1a) and the overall 5-year and
10-year survival rates were 97.0% and 91.4% (Fig. 1b). In
univariate analysis for risk factors that affect overall sur-
vival, only lymphatic invasion was significantly associated
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Table 1 Patient background

Number (%)

Age, years® 62+ 10
Sex

Male 200 (70)

Female 84 (30)
Site distribution

Right colon 67 (24)

Left colon 163 (57)

Rectum 54 (19)
Lymph node metastasis

(=) 267 (94)

- 17 (6)

Number of harvested lymph nodes® 9.60 =+ 8.50
Differentiation

Well 233 (82)

Moderate 48 (17)

Other 3(1)
Lyniphatic invasion

(-) 204 (72)

) 80 (28)
Vascular invasion

(=) 251 (88)

(G 33 (12)
Depth of invasion

pSM1 67 (24)

pSM2 93 (33)

pSM3 124 (44)
95% CI 95% confidence interval
2 Mean £+ SD

with poor prognosis (HR: 8.98, CI: 1.8-44.7, P = 0.007)
(Table 3).

Based on previous reports [14, 15], the authors selected
tumor differentiation, depth of invasion, lymph node
metastasis, lymphatic invasion, and vascular invasion as
potential risk factors (Table 3). Multivariate analysis
showed lymphatic invasion was the only independent risk
factor for postoperative recurrence in pT1 CRC patients
(HR: 11.622, CI: 2.272-59.465, P = 0.003).

Postoperative recurrence occurred in 8 patients (lung: 3,
liver: 2, distant lymph node: 2, local: 1). The clinicopath-
ological details of the 8 patients are shown in Table 4. Five
of the 8 patients were negative for lymph node metastasis
and positive for lymphatic invasion (N-ly+), 2 were neg-
ative for both lymph node metastasis and lymphatic inva-
sion (N-ly—), and one was positive for lymph node
metastasis (N+) (Table 4). In each group, based on the
status of lymph node metastasis and lymphatic invasion,
the 5-year and 10-year disease-free survival (DFS) rates of

@_ Springer

the patients in the N-ly— group, the N-ly+ group, and the
N+ group were 99.5%/98.2%, 96.3%/75.2%, and 93.3%/
93.3%, respectively (Fig. 2a). The N-ly+ group had a
shorter 10-year DES than the other two groups, but the
difference was not statistically significant. The 5- and
10-year overall survival rates of the patients in the N-ly—
group, the N-ly+ group, and the N+ group were 98.1%/
93.7%, 94.7%/83.0%, and 93.3%/93.3%, respectively
(Fig. 2b). There was no significant difference among the
three groups. In 4 of the § patients with recurrence, the
recurrences were found more than 5 years after the oper-
ation. Three of the four patients died due to the recurrent
disease, and the other patient is still alive with liver
metastasis.

Discussion

Patients with pT1 CRC have a favorable prognosis, but
approximately 1.3% of them are reported to develop a
recurrence after radical surgery [12]. Previous studies have
shown that age, TNM stage, T-status, nodal status, distant
metastasis, lymphatic and vascular invasion, and preoper-
ative CEA level were prognostic factors of CRC patients
[15-17], but most of these included pT2-T4 patients as
well as pT1 patients, and there has been a paucity of evi-
dence of a risk factor for recurrence in pT1 CRCs. The
present study showed that lymphatic invasion was the only
significant risk factor for recurrence in pT'1 CRC patients
treated by radical surgery.

Lymph node metastasis was reported to have a poor
prognosis in advanced CRC [8, 14-16]. In many studies,
lymphatic invasion was significantly associated with inci-
dence of lymph node metastasis, a finding consistent with
the results of the present study. Despite theses correlations,
lymph node metastasis was not significant risk factor
affecting DFS, and the N-ly+ group had a shorter 10-year
OS and DFS rate than the N+ group in this study. There
were thought to be three reasons for these unique results.
First, stage migration might have occurred as a result of
insufficient lymph node dissection because prognosis
depends on the number of lymph nodes examined [18]. In
this study, the mean number of lymph nodes dissected was
only 9.6. Fewer than 9 lymph nodes were dissected in 5 of
the 8 patients with recurrence. Notably, a patient (Patient 4)
from whom no lymph nodes were dissected had undergone
laparoscopic resection for cancer of the descending colon
early in the study period. It was assumed that mobilization
of the colon was inadequate, leading to eventually devel-
opment of recurrence in regional lymph nodes. In addition,
a patient with cancer of the rectum (patient 5) developed a
lateral pelvic lymph node recurrence. It is important to note
that lateral lymph node dissection is not performed in pT1
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Table 2 Univariate and multivariate analysis of risk factors affecting lymph node metastasis

Factors Univariate analysis Multivariate analysis
Hazard ratio 95% CI P value Hazard ratio 95% CI P value
Age, years 1.001 0.953-1.050 0.977
Sex
Male 0.579 0.213-1.576 0.285
Female 1 - -
Site distribution
Right colon 1 - -
Left colon 2.817 0.618-12.838 0.181
Rectum 0.745 0.150-3.700 0.719
Differentiation
‘Well differentiated 1 - -
Moderately differentiated 1.128 0.309-4.122 0.855
Lymphatic invasion
) 1 - - 1 — _
) 5261 1.875-14.762 0.002 5.916 2.027-17.265 0.001
Vascular invasion
- 1 - -
+) 1.693 0.460-6.233 0.429
Depth of invasion
pSM1 1 - - 1 - -
pSM2 0.242 0.053-1.09 0.066 0.205 0.017-2.412 0.208
pSM3 0.085 0.11-0.662 0.019 6.579 1.704-25.396 0.006

95% CI 95% confidence interval, well well differentiated, mod moderately differentiated
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Fig. 1 Cumulative survival curves in 284 patients with pT1 colorectal cancer (CRC). a Disease-free survival, b Overall survival

CRC patients, even in Japan. Second, the use of adjuvant
chemotherapy might have improved the prognosis of N+
patients. Referring to the pooled analysis of NSABP C-01
through C-05, the 10-year survival rate of the N-ly+ (stage I)
group was better than in the stage II group treated by

surgery alone (approximately 60%) and worse than in the
stage II group treated by surgery plus 5-fluorouracil/leu-
covorin (FU/LV) (approximately 80%) [19]. In this study
seven of the 17 N+ patients received adjuvant chemo-
therapy and had no recurrence. Considering the survival
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Table 3 Univariate and multivariate analysis of risk factors affecting recurrence

Factors Univariate analysis Multivariate analysis
Hazard ratio 95% C1 P value Hazard ratio 95% CI P value
Age, years 1.001 0.931-1.076 0.980
Sex
Male 1.107 0.223-5.494 0.901
Female 1 - -
Site distribution
Right colon 1 - -
Left colon 1.447 0.161-12.979 0.742
Rectum 3.810 0.780-18.621 0.098
Lymph node metastasis
&) 1 - - - -
“H) 2.581 0.317-21.040 0.376
Differentiation
Well-differentiated 1 - - 1 - -
Moderately differentiated 0.039 0.000-215.911 0.461 0.000 0.000 0.977
Lymphatic invasion
S 1 - - 1 - -
+) 8.984 1.808-44.652 0.007 11.622 2.272-59.465 0.003
Vascular invasion
©) 1 - - 1 - -
) 1.019 0.125-8.290 0.986 0.458 0.054-3.912 0.475
Depth of invasion
pSM1 1 - - 1 - -
pSM2 0.939 0.058-15.106 0.965 0.719 0.042-12.311 0.820
pSM3 3.749 0.756-18.585 0.106 3.343 0.648-17.264 0.150
rt right; It left; 95% CI 95% confidence interval; well well differentiated; mod moderately defferentiated
Table 4 Details of recurrent patients
Site distribution Depth Lymphatic Vascular N No. of DES (month) Prognosis Recurrence site
invasion invasion harvested LN
Left colon pSM 3 +) -) +) 7 8 Dead Lung
Left colon pSM 3 +) ) (&S] 13 31 Alive Liver
Right colon pSM 3 +) -) ()] 15 74 Alive Lung
Left colon pSM 3 -+ “) -) 0 101 Dead Local
Rectum pSM 3 (+) -) (-) 20 21 Dead Lateral pelvic LN
Left colon pSM 2 +) ) ) 8 66 Dead Distant
Rectum pSM 3 (&) (&) ) 2 66 Dead Lung
Rectum pSM 1 (C) . () 3 3 Dead Liver

N lymph node metastasis; LN lymph node; DFS disease-free survival

rate rose from 60 to 80% as a result of administering
adjuvant chemotherapy to stage II patients, the adminis-
tration of adjuvant chemotherapy for pT1 CRC patients
with lymphatic invasion might have a potential benefit for
improving overall survival. Finally, the expression of some
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novel molecular markers, such as oncogene mutations,
changes in chromosomes, and vascular endothelial growth
factors, might result in poor outcome in pT1 CRCs [20—
22]. However, because these researches have just begun,
the impact on survival has been unclear. Further analyses
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Fig. 2 Cumulative survival curves in N-ly—, N-ly+, N+ groups. a Disease-free survival, b Overall survival

using propensity score or case-matching and the research
results for new biological markers should be carried out to
clarify these issues.

Hematoxylin and eosin staining potentially caused inter-
observer variability in the evaluation of lymphatic channel
and venous involvement in this series. One feature of the
present study was that EVG staining was used to identify
venous invasion. This procedure was performed to distin-
guish clearly lymphatic channels from veins. It is effective
because elastic fiber located in the venous wall stains violet
with this procedure. Suzuki et al. demonstrated that EVG
staining reduced about 40% the interobserver variability in
evaluating the histology and significantly increased the
positivity rate for venous invasion and the odds ratio [23].

In 4 of the 8 patients with recurrence in this study, the
relapse was found more than 5 years after the operation,
and only one patient was salvaged and alive without a
re-relapse. In a previous study the cumulative recurrence
rates in stage I, stage II, and stage III were 21.6%/31.0%/
44.7% at 1 year, 68.6%/76.9%/87.0% at 3 years, and
96.1%/92.9%/97.8%at 5 years, respectively. Thus, the
proportion of stage I patients who experienced a recurrence
increased gradually and steadily over a S5-year period,
whereas the proportions of stage II and III cancer patients
with recurrence rapidly increased for the first 3 years [8].
After 5 years, the recurrence rates were extremely low in
patients classified in all three stages: 0.14, 0.94, and 0.67%,
respectively [8]. However, regarding the low rate of sal-
vage and incidence of recurrence 5 years after operation,
long-term postoperative follow-up of pT1 patients may be
unnecessary.

The limitation of this study is the small number of cases
because of the rarity of recurrence in early cancer. The
recurrence rate after radical surgery in the present study
was 2.8%, which is reported to be 1.3% [8] in another
study. It is necessary to accumulate evidence of other
studies because there is a limit to the number of cases seen
in a single institution.

Another limitation of the present study was that tumor
budding was not fully evaluated. Tumor budding has been
reported to be associated with lymph node metastasis in
pT1 CRC [11]. Although the role of budding in recurrence
is unclear, given the strong correlation with lymph node
metastasis, it is considered to be a promising candidate.
Further investigation will be necessary to clarify the role of
budding in recurrence in pT1 CRC.

Conclusions

Lymphatic invasion was found to be an independent risk
factor for recurrence in pT1 CRC patients who had been
treated by radical resection.
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Abstract .

Purpose This study aimed (1) to evaluate the impact of
clinical factors, particularly operation by trainees, on the
short-term outcomes of laparoscopic resection for sigmoid
and rectosigmoid cancer, and (2) to determine paticnts suit-
able for operation by rainecs,

Methods From a prospectively maintained single-institution
database. we identified 133 patients who underwent laparo-
scopic reseetion for sigmoid or rectosigmaid cancer between
2007 and 2010. Gender, age, body mass index (BMI),
previous abdominal surgery, tumor location, tumor size,
tumor stage, oxtent of lymph node disscetion, and primary
surgeon were cvaluated using unmvariate and muliivariate
analyses to determine the predictive significance of these
variables on surgical outcomes including operative time,
blood loss, complication, postoperative stay, and retricved
lymph nodes.

Results Multivariaic analysis showed that location of the
tumor in the rectosigmoid (p<0.001). higher BMI (p<
0.001), operation by trainecs (p<<0.001). male gender (=
0.002), and greater wmor depth {p=0.011) were indepen-
dently predictive of fouger operative time. Larger tumor size
{p=0.025} and lugher BMT {p=0.040) were independently
predictive of greater blood loss. Larger tumor size was also
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relaied to longer postoperative stay (p=0.001) and a greater
number of retrieved lymph nodes (p=0.001),

Conclusions This study identified operation by trainces as
an independent risk factor for longer operative time but with
no necgative impact on any of the other outcomes. Female
patients with a low BMI, sigmoid cancer, shallow wimor
depth, and/or small tumor are suitable for operation by
trainees.

Keywords Laparoscopic surgery - Colorectal resection -
Sigmoid cancer - Laparoscopic training - Patient selection -
Trainees :

Introduction

Laparoscopic approaches arc accepted for colorectal cancer
surgery. Several randomized clinical trials of laparoscopic
versus open colectorny for colorectal cancer suggest equiv-
alent long-term outcomes with both techniques [1-7]. It is
currently inevitable that laparoscopic colorectal procedurcs
are included in general surgery training programs due 1o
their increasing popularity. However, a suitable training
program has not yet been developed for the clinical sctting
[%-11] Laparoscopic traming for surgical residents ofien
begins with basic laparoscopic colorectal procedures such
as laparoscopic sigmoid and rectosigmoid resection. During
the training period, careful patient selection is essential for
mainiaining the quality and safety of the procedure per-
formed by novice surgeons. This study aimed (1) to evaluate
the impact of elinical factors, particularly operation by train-
ces, on the shori-term oulcomes of laparoscopic rescotion
for sigmoid and rcctoéigmoid cancer, and (2) to select suit-
ablc patients for operation by trainees.
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Methods
Patients

From a prospectively maintained single-institution databasc,
we identified 156 consceulive patients who underwent lap-
aroscopic resection for sigmoid or rectosigmoid cancer be-
tween 2007 and 2010, The indications for laparoscopic
surgery were colon cancer wmors without forming a bulky
mass, massive tymph node wvolvement, or invasion of the
adjacent organs, as determined by using computed tomog-
raphy during preoperative cxaminations. An additional in-
dication was evidenee of metastatic disease that could not be
curatively resceted using open surgery. The surgeries were
performed by an experienced, board-certificated. expert sur-
geon (T.Y.) or by six trainces: of these trainees, four had no
prior expericnee i open or any laparoscopic surgerics and
two had experience {2 and 12 years) i open and only basic
laparoscopic surgeries. In the fivst step, trainces with no
experience were required to act as endoscopists for about
26 laparoscopic colorectal procedures and encouraged to
view a collection of video recordings of laparoscopic colec-
toray it order to leam the essentials of the standardized
technigues used in these operations. They expericnced other
basic laparoscopic procedures (c.g., choleeystectomy, stoma
creation, omental patch repair for gastroduodenal perfora-
ton} in the same lerm. However, 4-6 months later. they
procecded to the nexi step, i which they staried 1o act as
primary surgeons during oncologic laparoscopic colorectal
procedures such as laparoscopic sigmoid or ileocceal resee-
tion under the supervision of the expert surgeon, thereby
acquiring basic faparoscopic skills {prior cxperience in open
colon surgery was not required). In the present study, we
excluded 23 patienis who underwent Hartmann’s procedure
or simultancous resection of other organs. The remaining
133 patients were cvaluated. Data on gender, age, body
mass index (BMI), previous abdominal surgery, tumor lo-
cation, tumor size, tumor depth, tumor stage, extent of
lymph node dissection. primary surgcon, operative time,
blood loss, conversion 10 open surgery, pathology, 30-day
morbidity, mortality. and postoperative stay were colfected
prospectively. Tumors were staged according to the sixth
tumor-node-metasiasis classification of the International
Union Against Cancer on the basis of the histological find-
ings of the surgical speeimens. The protoeol was approved
by the local ethics commitice. and informed consent was
obtained from all participaiing patients,

Surgical procedures

Patients were placed in the Lloyd-Davis position with the
head and right side of the bed lowered. First, a 12-mm
camera port was inserted below the umbilicus with the open
-
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method. Afier creation of a pneumoperitoncum, four work-
ing ports were inscrled: 5-mm ports in the right and left
upper abdominal guadrants, and 12-mm ports in the right
and left lower abdominal guadrants. The mesocolon was
mobilized using the mediolateral approach, and no splenic
flexure mobilization was needed. In accordance with the
oncologic surgical principles recommended by the Japanese
Socicty for Cancer of the Colon and Recium {12, 13],a D3
lymph node dissection, including the pericolic nodes (local
nodes), mesocolic nodes (intermediate nodes), and nodes at
the origin of the inferior mesenteric artery (JIMA) (main
nodes), was performed with division of the IMA at its
origin, exeept in the case of elderly patients or tumors
confined w the submucosa. i which casc a P2 lymph node
disscetion, which includes only the local and intermediate
nodes, with division of the IMA distal to the first branch to
the descending colon {the origin of the superior rectal artery
[SRA] or sigmoid artery [SA]) was performed. The distal
colon or reciunt was transected intracorporcally using an
Endopath Endo-Cutter or Echclon 60 (Ethicon Endo-
Surgery, Cincinnati, OH, USA). Then, the specimen was
extracted through the Ieft lower quadrant port or the camera
port, which was cxtended to about 4 cm. Anastomosis was
performed intracorporcally by the double-stapling technique-
or extracorporeally by fanctional end-to-end anastomosis.

Statistical analysis

All statistical analyses were performed using Statistical Pack-
age for Social Sciences ™ (SPSS) version 15.0 (SPSS Inc.,
Chicago. 1L, USA), and significance was defined as p<0.03.
Where appropriate, we uscd Fisher exact tests, chi-square
tests, Student’s ¢ tests, Weleh's tests, or Pearson product-
momem correlation coefficients to mvestigate the relation-
ships between the patients” clinical characteristics and surgical
oulcomes. A multivariate analysis was performed using a
multiple linear regression model with a stepwise method
{significance-Tevel to enter=0.03; significance level (o stay=
0.1} or a multiple logistic regression model.

Results

The number of laparoscopic colorectal cancer resections
performed by the expert and novice surgeons between
2007 and 2010 arc shown in Table |. Trainees performed
a substantial portion of the laparoscopic resections for
tumors in the ascending, sigmoid, and rectosigmoid colon
and the cecum (209 [82.3 %] of 254 cases), which was
significantly higher than that for tumors in other locations
(75 [54.3 %] of 138; p<0.001). '
The patients and tumor characteristics of the 133 patients’
inciuded in the swndy are summarized in Table 2. Gender,
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Table T The number of laparo-
scopic resections in each tumor

location

Tumor location [r (%] Performed by expert Performed by traintes Total
Cecum 4 (13.3) 26 (86.7) 30
Asceading colon 15¢22.1) 33 (779 68
Transverse colon 11 (27.5) 29472.5) 40
Descending, colon 1 (42.3) 15 (57.7) 2%
Sigmoid/rectosigimoid colon 26 (16.7) 130 (83.3) 156
Upper rectum 18 (48.6) 19 (514 37
Fower rectumyanal canal 23 (65.7) i2 (:34.3} 35
Total 108 (27.6) 284 (82.4) 392

mean age, mean BMI, and previous history of abdominal
surgery were similar between the groups. Tumor size was
significantly larger (5.1 cm vorsus 3.1 cmy; p<0.001), and
the mcidence of T3/T4 wmors was significantly higher
(81.8 % versus 49.5 %: p=0.011) in the patients operated
on by the expert surgeon than in the patients operated on by
the trainees. On the contrary, nodal involvement and tamor
stage were not different. The incidence of D3 lymph node
dissection was significantly higher for the cxpert surgeon
than for the trainces (86.4 % vorsus 63.1 % p=0.046).

Operative outcomes are swmmarized in Table 3. Opera-
tive time was significantly longer in the patients operated on
by the trainces than in those operated on by the expert
surgeon (244.2 min versus 214.7 min; p==(0.007), but blood
loss was not significantly differcut. The incidence of
patients with less than 12 retrieved lymph nodes was larger
in surgeries performed by the trainces than in surgeries
performed by the experi (22.5 % versus 4.5 %), but the
differcnce was not statistically significant (p=0.074). The
overall morbidity rate was 9 (6.8 %) in 133 paticuts with a

Table 2 Patient clinical
characteristics

Performed by expert  Performed by trainecs P value

{n22) =iy

Gender tnule/fomale) (range) 12 {54510 (45.%) 66 (59.5)/45 (40.5)  0.669

Age (vears) (rangc) 68.5 (44 -85) 67.7 (31 93) 0.766

Body mass index (kg/n®) {range) 230 (184 28.0) 22,5 (14.8-28.8) 0.463

Previous abdominal surgery [n (%)) 5227 37 (33.3) 0.407

Tomor location (sigmoid/ 18 (81.8V4 (18.2) ) T9(TH2M32 (28.8)  0.445

rectosigmoid) {n (%))

Tumor size (cm) (range) 5140 % 307N <.001

Pathologic T stage {7 (%o)] (Tis/TU/T2 vs. T3/T4)

Tis i (4.5 9(8.1 0.011

Ti 3(13.6) 32 (28.8)

T2 0 <M 15 (13.5)

T3 7308 16 (14.4)

T4 T{50) 39 (35.1y

Pathologic N stage [# (Y] (NO/NT vs. N2y

NG 13 (59.1) 69 (62.2) 3.745

Nt 6 (27.3) 27 (24.3)

N2 3(13.6) 15(13.5)

Tumor stage {#n (%)] (O vs. HIVEV)Y

3 [RERY (7.2 0.837

i 341360 40 (36.0)

H 9 (409 18¢16.2)

i 8 (36.4) 35015
All continuous variables are de- v 1 4.5 10(9.0)
seribed as mean with range i ) .
Sribed as mean with range Lymph node dissection (D3/D2) 19 (86.4Y3 (13.6) 70 (63.11/41 (36.9) 0.046
DST double siapling echmgue. [n ()]
FEEA {m»mrionai end-to-end Anastomosis (DSTHAEEAY [ (%)] 19 (86,433 (13.6) 96 (86.5¥/15 (13.5) i
anastomosis
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Table 3 Surgical owcomes

Performed by expert  Performed by trainees 2 value

{n=22) (n=111)
Operative time (min) (range) 2147 (149 336) 2442 (150.417) 0.007
Blood loss (ml) {range) 31.6 (6- 340 16.8 (0 590) 0.140
Transfusion 0 3} NA
Intraoperative complication [ (%)} [{] IRULIN t
Tear m the cectal stump 0 I {0.9) i
Conversion [# (%)) Q 0 NA
Pasifive circomiferential rescction margin . 1] 4] NA
Number of retrieved lymph nodes <12 {r (%] t (4.5 254225 0.074
Postoperative complication [ (%)] 2(9.1) 7 16.3) {
Anastomotic feakage 0 0
Wound infection U 6 (5.4) 0.589
Frteritis 0 1Y) 1
Prosuatitis b 4.5) 0 0.165
Subcutaneous {luid collection 1 (4.5) 0 6.165
All continuous variables are Postoperative siay (days) (range) 124 (7-34) 12.6 (3-50) 0.875

described as mean with range

similar incidence for the expert and novice surgeons. There
were no cases of conversion (o open surgery, positive circum-
ferential margin, anastomotic leakage, or 30-day mortality.
Correlations between operative outcomes and clinical
factors, as determined by univariatc analysis, are summa-
rized in Table 4. Gender (p=0.004), BMI (p<0.001), tumor
focation {p<0.001), and experience of the primary surgeon
(=0.004) were significantly associated with operative time;
BMI {p=0.030), wmor location (»=0.042), and umor size
(p=0.019) were significantly assoeciated with blood loss; age
{=0.040), wmor size (p=0.001), wumor depth (p=0.001),
and tumor stage (p=0.010) were significantly assoctated
with postoperative hospital stay; and tumor size (p=
3.001). tumor depth (p=0.001} tumor stage (p=0.013),
and extent of lymph node dissection (p=20.012) were signifi-
canily associated with the number of retrieved tymph nodes.

Multivariate analysis showed that male gender (p=-0.002),
higher BMI (p<0.001), location of the tumor in the rectosig-
mioid colon (p<0.001}, greater taumor depth (p=0.011), and
operation by trainees (p<0.001) were independently predic-
tive of longer operative time; highcr BMI (p=0.040) and
larger tumor size (p=0.025) were independently predictive
of greater blood loss; larger mmor size was also related to
longer postoperative stay (p=0.001) and a greater number of
retrieved lymph nodes (p=0.001) (Tables § and 6).

Discussion
Laparoscopic resection for colorectal cancer is one of the

most advanced laparoscopic procedures. Yet, lymph uwode
disscetion along the surgical trunk (right-sided colon cancer)

Tabie 4 Correrations between
surgical outcomes and climcal

Independent variable
factors :

P value for operatve oulcomes

Operative  Blood  Postoperative  Retrieved LN

time loss stay =<12Zvs. 212y
Gender 0.004 0311 0.226 0.096
Age 4720 0428 0.040 4.350
Body mass index <0.000 0030 0.4 0.163
Provious abdominal surgery 0495 0176 8.451 0.569
Tumor tocation (sigmoid vs. rectosigmoid) <0.001 0.042 G141 0985
Tumor sive 0489  Q.0ty 0.001 0.001
Tumor depth (Tis/TUT2 vs. T3/T4) 0.322 0.081 0.001 .001
Tumor stage (0T vs. TIAV) 0489 0155 0.010 0.013
Experience of the primary surgeon (expert vs. traimee) 0.004  0.264 0.437 {.052
Lymph node dissection (D3/D2) 0461 0293 .279 0.012

LN lymph nodes

.
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Table 5 Stepwise linear regres-
sion analysis

Dc,nendc-m variable Predictive (actor Pyalue R Model utility test
(chxl‘ut.ivc time Intercept 0.00t 0.613 <(.001
Tumor location {reclosigmoidy  <0.001  0.348
Body mass index <0001 0.345
Experience of the primary <0000 0.261
surgeon (traince)
Gender {(male) 0.002  0.222
Tumor depth 0.001  0.189 :
Biood loss Intercept 0.056 0.252 0.014
Tumor size 0.025  0.193
Body mass index 0.040 0176
Pogtoperative hospital stay  Intercept <(.001 0.276 .001
Tumor size 0001 9.276

and around the root of muddle colic vessels (transverse
colon cancer) s still technically chalienging [14]. Splen-
ic flexure mobilization—vequired for wumors located in
the lefl ransverse or descending colon—is also reporied
o be difficult and time-consuming [:5]. Pelvie proce-
dures during recial cancer rescction, including recial
mobilization, transcction. and anastomosis, are quite de-
manding in narrow and deep surgical ficlds. Moreover,
they are associated with some disadvantages such as
fong operative time [+, 7} and inercased rate of
positive surgical margins [}, Mcanwhile, laparoscopic
fleocecal resection. sigmoid resection, and rectosigmoid
resection are considered comparatively basic among all
laparoscopic colorectal preocedures. Therefore, laparo-
scopic training for surgical residents ofien beging with
these procedures. In our nstitution, 83.3 % of all lapa-
‘ cases for sigmoid colon

roscopic colorectal resection
and rectosigmoid caneer (130/156) are performed by
trainees at their mitial laparoscopic trainivg. These oper-
ations provide the trainess with sufficient experiences in
advanced laparoscopic procedures and cnable the devel-
opment of their surgical technigues. Herein, we evalu-
ated the impact of the operation by wainees on the
short-term outcomes of laparoseopic resection for sig-
motd and rectosigmoid cancer and determined the char-
acteristics of patients suitable for operation by novice
surgeons. We excluded cases of Hartmann’s procedure
and simultancous resection of other organs such as the
fiver. These cases tend to correlate with longer operative
time, greater blood loss. and/or longer hospital stay.

Therefore, these cases should be analyzed independently
of sigmoid or rectosigmoid resection and anastomosis in
order 1o clearly distinguish the clinical factors that in-
fluence the operative outcomes of the latter.

In this study, multivarialc analyscs showed that operation
by trainces was significantly associated with longer opera-
tive time. However, it hiad no negative impact on any of the
other shori-erm outcomes cvaluated in the current study.
Furthermore, male gender, higher BMI, location of the
tumor in the rectosigmoid, and greater tumor depth were
significantly associated with longer operative time. The
preseni findings are valuable in supporting the early intro-
duction of laparoscopic resection for sigmoid and rectosig-
moid cancer during the imitial training period of noviee
surgeons. In addition, our findings indicate that female
patients with a fow BMI, sigmoid cancer, and/or shallow
tumior depth are suitable for operation by trainees. Addition-
ally, multivariate analyses showed that higher BMI and
farger tumor size were independently prediclive of greater
blood loss; larger tumor size was also rclated 1o longer
postoperative stay, indicating that larger tumors should best
be managed by expert surgeons.

In our surgical training program, we pay special attention
to safety and quality. These parameters were reflected in the
carcful selection of patients for operation by trainces. As
such, trainces operated on significantly smatler tumors with
significantly higher incidence of shallow depth to aveid
oncologic impatrments during the resection of advanced
cancers. We usually consider that small tumors with shallow
depth do not require wide lymph node disscetion (D3

Table 6 Stepwise logistic re- -
gression analysis

Diependent variable Predictive (actor P value Odds ratio 95 % C1
Retrieved lymph nodes (<12 vs. 12y Tumor size 0.001 1.356 1.193-2.029

Postopurative complication

No parameter
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dissection) as compared to advanced umors [ 12, 18], In the
casc of the former, it is decided preoperatively that D2
lymph node dissection. ncluding only local and intermedi-
ate nodes., will be performed with dividing the SRA or the
SA at its origin. This may explamn the significant differcnees
i the extent of lymph node disscction between expert and
novice surgeons. In the current study. we performed multi-
variate analyses to climinate the influence of these differ-
ences in pationts’ characienstics between the expert and the
trainces; thus, we assume that the impact of primary sur-
geons was evaluated successfully without bias.

In this swdy, we have focused on colorectal cancer
regional nodal evaluation—reported as a staging mca-
sure, prognostic variable. and quality indicator. A min-
imum of 12 nodes is endorsed as a conseasus standard
for hospial-based performance by the American Seciety
for Clinical Oncology, the National Comprehensive Can-
cer Network, and the American Joint Commiltec on
Cancer {19} Twelve or more lymph nodes {mean,
19.0) were rewrieved from 86 of 11 padems (77.5 %)
operated on by trainecs, and D3 lymph node dissection
was performed in 70 paticnis (63.1 %); deep tumors
(T3/T4) were observed in 35 patients (49.5 %), and
posiive nodes in 42 patients (37.8 %). Lymph node
removal achieves two objectives in oncologic proce-
dures: therapeutic effeet and adequate nodal staging.
Wiilt regard to the therapentic effect, we assume that
the number of lymph nodes retricved by trainces was
¢nough considering the not so high incidence of ad-
vanced tumors, Furthermore. the expert surgeon ensured
that the trainces removed all lymph nodes wgether with
mesocolon included within the preoperatively planned
arca during the operation, Thercfore, we assume that
trainees satisfied the oncologic principles suggested by
the Japanese Society for Cancer of the Colon and Ree-
turn {17}, which do not recommend a minimum number
of retrieved lymph nodes but rather a wider arca of
disscction compared to the Western guidelines [22] for
assuring complete lymph node removal irrespective of
their number, atthough these principles have been oriti-
cized as excessive {70 Aside from the therapeutic
effect of lymph node removal. it 18 commonly assumed
that stage migration is reflected in the positive associa-
tion hetween survival and the number of lvmph nodes
vetricved. Recently, analysis of the pathological staging
of 131.953 patients from the Surveillance, Epidemiology
and End Results database by a beta-binomial model
suggested that the mimmum number of nodes required
for adequate nodal staging depends on the T stage: to
achicve a probability of correcl staging of 90 %, a
single node needs to be examined for T1, four nodes
for T2, 3. and 21 nodes for T4 discase

13 nodes for T3,

1_7’} Springer

[23]. Based on this staged classification, the quality of
lymph node removal by trainces would be aceeptable
for nodal staging of patients with he highest incidence
of shallow wmors compared to those performed by the
expert surgeon. The inecidence of patients from whom
less than 12 lymph nodes were retrieved was higher in
surgeries performed by trainecs. yet the difference was
not statistically significant. An importamt factor, which
could account for the difference in the number of lymph
nodes retricved, is that trainces performed a significantly
higher number of D2 lymph node dissection than the
expert, In fact, D2 lymph nodes disscction has been
reported to yield fewer lymph nodes for histopatholog-
ical examination than D3 lymph node disscction [20,
21]. The higher incidence of D2 lymph node dissection
was attributable to the significantly higher incidence of
shallow tumor depth in cascs. of operation by (rainees
because of the aforementioned reason: therefore, the
higher incidence of paticuts with less than 12 retrieved
lymph nodes could be associated with our policy of
carctul patient sclection for operation by trainces. Mul-
tivariate analysis did not identify operation performed
by trainees, but tumor size as an independent predictor
of the number of retrieved lymph nodes.

Tumor size was also an independent predictor of postop-
crative hospital stay and blood loss. The relation between
longer postoperative stay and larger tumor size is not very
clear. Some patients with large tumors had poor general
condition and required postoperative rehabilitation or trans-
fer to other hospitals, which may explain the longer postop-
erative stay. Greater blood loss in paticats with larger tumors
may result from the greater difficulty in intra-abdominal
laparoscopic handling along with a more limited surgical
ficld. Significant association between grealer tumor depth
and longer operative time may be explained similarly: deep-
ly invasive tamors roquire carcful intra-abdominal manipu-
fation to prevent intra-operative oncologic impairment sach
as tumor cell spillage.

Significant association between rectosigmoid cancer (as
opposed to sigmoid cancer) and longer operative time, as well
as between male gender and fonger operative time suggests
the influecnce of pelvic diameters. Previous reports showed
that resection of low rectal wmors in males is usually per-
formed through a narrower pelvic space. This anatomical
constraint limits the working space and dircetly increases the
difficulty in safo and quick access while minimizing visibility
and retraction, thereby resulting in a significantly fonger op-
erative fime [24--26], Similar relationships may influence the
outcomes of sigmoid and rectosigimoid colon cancer. Another
reason for longer operative time in male patients may be the
presence of greater abdominal visceral fat deposits in men
than in women [27]. Higher BMI was also- significantly
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associated with longer operative time and greater blood loss,
vet the BMI of our paticnts were fower than that of Western
populations. The latier observation 1s in agreement with our
previous report on laparoscopic anterior resection for rectal
cancer [ 24].

In this smdy, the overall morbidity rate was 6.8 % (9/

133). Six of the patients had wound iunfections. Adverse”

evenis such as anastomotic leakages, conversions, positive
circumferential margin, and 30-day mortality were not ob-
served or eccurred at g very low rate. This indicates that the
procedure can be performed by the trainees in a safe way
and in the absence of morbidity or violation of oncologie
surgical principles. We belicve that the assistance of the
expert surgeon was cssential o maintain the quality and
safety of operations by trainees. providing good laparoscop-
ic view with adequate vetraction in the surgical field.
Nevertheless, our study has centain limitations. Operative
outcomes, including complications. anastomotic leakage,
conversion, mortality, and positive circamferential mavgin,
should be cxamined to gencralize the present findings.

Moreover, this study only analyzed the shori-term out-

comes, and long-term follow-up is required to cnsure that
oncological procedures were not compromised.

In conclusion, this study identified operation by trainces
as an independent risk factor for longer operative tinme but
with 1o negative impact on any of the other short-lerm
outcomes. Female patients with a low BMI, sigmoid cancer,
shallow tumor depth, and/or small tumor arc suitable for
operation by trainces.
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Ephrin-A1 mRNA is associated with
poor prognosis of colorectal cancer
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Abstract. We previously studied hypoxic tumor cells from
hepatic metastases of colorectal cancer (CRC) and determined
several potential prognostic factors, including expression of
ephrin-Al (EFNA1), which was highly induced by hypoxia.
- Here, we further evaluated the prognostic impact of EFNA1
expression. Samples from a total of 366 CRC patients from
11 institutes were analyzed by either microarray (n=220) or
quantitative reverse-transcriptase polymerase chain reaction
(n=146). EFNA1 was an independent prognostic factor for CRC
(p<0.05). In vitro assays revealed that loss of EFNA1 following
siRNA treatment was associated with reduced proliferative
activity and decreased invasion and migration of CRC cell
lines. EFNAL1 expression is a useful marker for predicting high
risk of relapse and cancer-related death in patients who have
undergone curative resection for CRC.

Introduction

Colorectal cancer (CRC) is one of the most common human
malignancies worldwide. Despite recent advances in treatment
with chemotherapy and with biologic agents such as bevaci-
zumab or cetuximab (1), CRC is still a major cause of cancer
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death (2). Furthermore, the indications for these therapies have
been limited due to side-effects and the small number of known
target genes (3). Thus, there is a crucial need to explore novel
cancer-related genes that may serve as diagnostic markers and
molecular targets in CRC therapy. '

Hypoxia is a main feature of cancer, with intratumoral
hypoxia affecting every major aspect of cancer biology,
including cell invasion, metastasis, and cell death (4). In tumor
cells under hypoxia, hypoxia inducible factor 1 (HIF-1) plays
a critical role in promoting the expression of hypoxia-response
genes that are associated with an aggressive tumor phenotype
(5-7). These hypoxia-related genes include several angiogenic
factors, such as vascular endothelial growth factor (VEGF), that
play important roles in cancer biology. The anti-VEGF antibody
bevacizumab is used clinically for treatment of several human
cancers (8), supporting the use of hypoxia-induced genes as
clinically relevant therapeutic targets.

Ephrin-Al (EFNAY) is known as an angiogenesis factor, and
isinduced through a HIF-dependent pathway (9,10). EFNA1 was
originally isolated as a secreted protein in conditioned media
from cultures of human umbilical vein endothelial cells treated
with tumor necrosis factor-a (11), and the gene was found to be
induced by tumor necrosis factor-a in these cells (12). EFNA1
expression has also been observed in tumor endothelial cells
and tumor cells, and shown to induce endothelial cell migra-
tion (13), capillary assembly in vitro, and corneal angiogenesis
in vivo (14). EFNALI and its receptor, Eph receptor 2 (EphA2),
are associated with carcinogenesis, angiogenesis (13,15-17), and
tumorigenesis in various cancers, including urinary bladder
carcinoma (18), breast cancer (19,20), gastric cancer (21), glioma
(22), and malignant mesothelioma (23).

Previously, we detected several potential prognostic factors
and therapeutic targets in hypoxic tumor cells from hepatic
metastases of CRC in vivo (24). In these experiments, Ephrin-A1
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gene (EFNAIT) expression was highly induced in hypoxic regions
of liver metastases (fold-change = 1.58, p=0.005). Thus, we
hypothesized that EFNAI expression may be a novel prognostic
factor in CRC patients. In the present study, we examined the
correlation between EFNAI expression and prognosis in CRC
patients, and we analyzed the biological significance of EFNAI
expression in human CRC.

Materials and methods

Cell culture. The colon carcinoma cell lines DLDI1, Lovo,
HCT116, HT29, SW480, and CaCo2 were obtained from the
American Type Culture Collection. KM12sm was a kind
gift from Professor T. Minamoto (Cancer Research Institute,
Kanazawa University, Japan). All cell lines were grown in
Dulbecco's modified Eagle's medium (DMEM) plus 10% fetal
bovine serum (FBS), 100 units/ml penicillin, and 100 pg/ml
streptomycin, at 37°C in a humidified incubator with 5% CO,.
Human umbilical vein endothelial cells (HUVECs) were grown
on MCDBI31 culture medium (Chlorella Inc., Tokyo, Japan)
supplemented with 10% fetal bovine serum, antibiotics, and
10 ng/ml fibroblast growth factor. For culture under hypoxic
conditions, cells were grown for up to 72 h at 37°C in a conti-
nuously monitored atmosphere of 1% O,, 5% CO,, and 94% N,
using a multigas incubator (Model 9200, Wakenyaku Co., Kyoto,
Japan). Control cells were cultured under normoxic conditions
21% O,).

Patients and clinical sample collection. For microarray
analysis, we prospectively collected 220 primary CRC samples
from consecutive patients who had curative operations between
2003 and 2006 at Osaka University Hospital and its nine
associated hospitals. For quantitative reverse transcriptase-
polymerase chain reaction (QRT-PCR), tumor samples were
consecutively collected from 146 CRC patients who bad cura-
tive surgery from 1993 to 2002 at the Department of Surgery,
Medical Institute of Bioregulation, Kyushu University. None of
the included patients had preoperative chemotherapy or irra-
diation. After surgery, patients with stage III/IV tumors were
treated with 5-fluorouracil (5-FU)-based chemotherapy. The
Human Ethics Review Committee of Osaka University and
Kyushu University approved the use of the resected samples.

Immediately after surgical resection, a piece of each primary
colorectal cancer tissue sample was collected from the fresh
specimens, and stored in RNA Stabilization Reagent (RNA
Later; Ambion, Inc., Austin, TX, USA) at -80°C until RNA
extraction.

RNA extraction and real-time quantitative RT-PCR analysis.
Total RNA was extracted with asingle-step method, using TRIzol
reagent (Life Technologies, Inc., Gaithersburg, MD, USA) at
Osaka University and Isogen (Nippon Gene, Tokyo, Japan) at
Kyushu University. Complementary DNA (cDNA) was generated
using avian myeloblastosis virus reverse transcriptase (Promega,
Madison, WI, USA). Real-time monitoring of PCR reactions
was performed using the LightCycler™ system (Roche Applied
Science, Indianapolis, IN, USA) for quantification of mRNA
expression, as described previously (25). The housekeeping
gene porphobilinogen deaminase (PBGD) (26,27) was used
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as an internal standard. The sequences of PBGD primers were
as follows: sense primer, 5“AACGGCGGAAGAAAACAG-3'
and antisense primer, 5“TCCAATCTTAGAGAGTGCA-3". The
EFNAI primer sets were designed to flank one intron, and were
tested to ensure amplification of only cDNAs to avoid amplifica-
tion of possibly contaminating genomic DNA. The sequences
of these PCR primers were as follows: EFNAI sense primer,
5“TGCCGTCCGGACGAGACAGGC-3' and EFNAI antisense
primer, 5CTGGAGCCAGGACCGGGACTG-3.

Immunohistochemistry. Immunohistochemical analysis was
performed as described previously (28). Frozen sections (4 pm)
were fixed in 4% paraformaldehyde for 5 min. The slides were
incubated with anti-EFNA1 rabbit polyclonal antibody (1:200;
Abcam, Cambridge, UK) overnight at 4°C. Negative control
sections were incubated with normal rabbit serum instead of the
primary antibody. All slides were evaluated in a blinded manner
by a pathologist.

Western blot analysis. Western blot analysis was performed as
we previously described (29). To detect EFNALI protein expres-
sion, extracted protein was subjected to sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE), followed by
western blot analysis using the EFNA 1-specific antibody (1:500;
Abcam).

Transfection reagents. EFNAI siRNA was purchased from
Invitrogen (Carlsbad, CA, USA) and control negative siRNA
was purchased from Qiagen Inc. (Valencia, CA, USA). siRNA
sequences for EFNAI and for the irrelevant control were as
follows: EFNAI siRNA #1, 5~CCAUACAUGUGCAGCUGA
AUGACUA-3"; EFNAI siRNA #2, 5-CAGAGGUGCGGG
UUCUACAUAGCAU-3'; and control negative siRNA, 5-AAT
TCTCCGAACGTGTCACGT-3". CRC cell lines were trans-
fected with siRNA using lipofectamine RNAIMAX (Invitrogen)
according to the manufacturer's protocol.

Cell proliferation assay. Cell growth was measured by adding
WST-1 reagent (Roche) and incubating at 37°C for 2 h. Absor-
bance was measured at 450 nm with background subtraction at
630 nm. Results were given as the mean + SD of five separate
experiments.

In vitro migration/invasion assay. The invasion assay
was performed using transwell cell culture chambers (BD
Biosciences, Bedford, MA, USA) as described previously (24).
Briefly, colorectal cancer cells at a concentration of 20,000
cells/ml were placed in the top chamber of a two-chamber assay
system and incubated for 24 h with and without 10% FBS placed
in the lower chamber. After 48 h, cells that had invaded the
undersurface of the membrane were fixed with 100% methanol
and stained with 1% toluidine blue. Four microscopic fields
were randomly selected for cell counting.

Cell migration assays were performed using BD Falcon cell
culture inserts containing polyethylene terephthalate membranes
(8-um pore size) from BD Biosciences. Similar to the invasion
assays, the cells were placed in the top of the chamber, while
10% FBS was added to the lower chamber. Results were given
as the mean * SD of four separate experiments.
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Tumor cell and endothelial cell co-culture migration assays.
The co-culture migration assay was performed using BD Falcon
cell culture inserts containing collagen type IV (3-im pore size)
according to the manufacturer's instructions (BD Biosciences).
Briefly, HUVECs at a concentration of 20,000 cells/ml were
placed in the top chamber of a two-chamber assay system and
incubated for 24 h, while HCT116 colorectal cancer cell lines
transfected with control negative siRNA or EFNAI siRNA
were placed in the lower chamber. After the incubation period,
the cells on the upper side were removed using a cotton swab;
then the coated filters were removed. The undersurface of
the membrane was fixed with 100% methanol and stained
with 1% toluidine blue. HUVEC migration was quantified
microscopically by counting the cells that had migrated into
the filters. Results were given as the mean + SD of four sepa-
rate experiments.

Statistical analysis. For clinicopathological analyses, study
samples were divided into high- and low-expression groups
based on the median EFNA1 mRNA expression levels in
tumor tissue. All statistical analyses were carried out using
the StatView J-5.0 program (Abacus Concepts, Inc., Berkeley,
CA). The post-operative period was measured from the date of
surgery to the date of the last follow-up or death. Differences
were estimated using Fisher's exact probability test. Survival
curves were calculated by the Kaplan-Meier method, and
compared statistically using the log-rank test. To estimate
relative risk (RR) and 95% confidence interval (95% CI),
univariate and multivariate analysis were performed using the
Cox proportional hazards regression model. Data are reported
as mean + SD. Mean values were compared using the Mann-
Whitney test. A probability value of <0.05 was deemed to be
statistically significant.

Results

Patient profiles. The patients selected for microarray analysis
included 131 males (59.5%) and 89 females (40.5%). The
primary tumor was in the colon in 141 patients and in the
rectum in 79 patients; 98.2% of tumors were well or moderately-
differentiated adenocarcinomas, and 4 patients (0.8%) had
poorly-differentiated adenocarcinomas. In regards to TNM
staging, 109 patients (49.5%) were stage I or I and 111 patients
(50.5%) were stage III or IV. Detailed information is shown in
Table I. ’

The CRC patients analyzed by qRT-PCR included 83 males
(56.8%) and 63 females (43.2%). The primary tumor site was the
colon in 92 patients (63.0%), and 8.9% of patients had poorly-
differentiated adenocarcinoma or mucinous adenocarcinoma.
Detailed information is shown in Table II. As shown in Tables I
and 11, high expression and low expression were divided based
on the median value in each assay. No significant differences
were observed in the clinicopathological factors between high
and low EFNAI expression groups in the two data sets (Tables I
and II).

Survival analysis stratified by EFNAI mRNA expression.
Kaplan-Meier survival curves demonstrated that patients with
high- EFNAI expression showed significantly shorter survival
than those with low EFNAI expression, in terms of both
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Table I. Clinicopathological factors of CRC patients ahalyzed
by microarray.

High EFNA1 Low EFNA1 p-value

‘expression  expression

Age at surgery (years)
>67 60 62 0.787
<67 50 48

Gender
Male 66 65 0.891
Female 44 45

Tumor site
Colon 66 75 0.212
Rectum 44 35

Depth of tumor invasion
T1,2 12 18 0.246
T3,4 98 92

TNM stage
Torll - 52 57 0.498
IMorIV 58 53

Lymph node metastasis
Present , 57 52 0.589
Absent 53 58

Venous invasion
Present 70 61 0272
Absent 40 49

Histological type*
Differentiated 106 110
Undifferentiated 4 0

“Differentiated type included well and moderately-differentiated
adenocarcinoma. Undifferentiated type included poorly-differentiated
adenocarcinoma, signet ring cell carcinoma, and mucinous adeno-
carcinoma.

disease-free survival (DFS) in microarray data (Fig. 1A) and
cancer-related survival (CRS) in qRT-PCR data (Fig. 1B). Next,
we performed univariate analysis of clinicopathological factors
and found that lymph node metastasis, venous invasion, tumor
differentiation, depth of tumor invasion, and EFNAI expression
were significantly associated with DFS based on microarray
data and CRS based on qRT-PCR data (Tables III and IV).
Multivariate Cox regression analysis revealed that EFNAI
expression and lymph node metastasis remained independent
prognostic factors (Tables I1I and IV).

EFNAI expression in CRC cell lines and colorectal tumor tissue.
Immunohistochemistry of the CRC tissue samples showed that
tumor cells expressed EFNA1 mainly at the plasma membrane
(Fig. 2), while normal colonic epithelium scarcely expressed
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Table II. Clinicopathological factors of CRC patients analyzed
by qRT-PCR.

High EFNA1 Low EFNA1 p-value

expression  expression

Age at surgery (years)
>66 43 46 0.367
<66 30 27

Gender
Male 43 40 0371
Female 30 33

Tumor site
Colon 42 50 0.126
Rectum 31 23

Depth of tumor invasion
T1 19 25 0.185
T2,3,4 54 48

TNM stage
Torll 33 43 0.072
IMorIV 40 30

Lymph node metastasis
Present 33 28 0.502
Absent 40 45

‘Venous invasion
Present 13 15 0.838
Absent 60 58

Histological type®
Differentiated 69 66 0275
Undifferentiated 4 ’ 7

“Differentiated type included well and moderately-differentiated
adenocarcinoma. Undifferentiated type included poorly-differentiated
adenocarcinoma, signet ring cell carcinoma, and mucinous adeno-
carcinoma.

EFNAI1. Western blot analysis showed that the EFNA1 protein
was expressed in the seven CRC cell lines tested (Fig. 3A).

EFNAI mRNA overexpressed in CRC cell lines under hypoxia.
Fig. 3B shows the EFNA1 mRNA expression in four CRC cell
lines. EFNA1 mRNA was progressively induced with hypoxia
in all CRC cell lines examined, and highly expressed after 48 h
under hypoxia in HT29, DLD1, and Lovo. On the other hand,
EFNA1 mRNA in HCT116 was expressed after 6 h of hypoxia.

Effects of EFNAI on growth, invasion, and migration of CRC
cells. To assess the potential relevance of EFNA1 as a thera-
peutic target, in vitro knockdown experiments were performed
in HCT116. Western blot analysis showed moderate and strong
reductions in EFNA1 after treatment with siRNA #1 and
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Figure 1. Kaplan-Meier survival curves of colorectal cancer patients
according to EFNAI mRNA expression. Patients in the high EFNA] mRNA
expression group had poorer survival than those in the low expression group,
as shown by microarray analysis data (p=0.011) (A) and RT-PCR analysis
(p=0.029) (B).

Table ITI. Univariate and multivariate analyses of the relation-
ships between clinicopathological factors and disease-free
survival in microarray data.

Factor p-value OR  95%CI p-value
Lymph node metastasis <0.001 2393 1.489-3.848 <0.001
Venous invasion <0.001 1.801 1.073-3.002 0.026
EFNAL1 expression 0.011 1.586 1.026-2452 0.038
Tumor differentiation 0.008 3.868 1.515-9.874 0.005
Depth of invasion 0.009 1.681 0.585-4.828 0.335
Tumor site 0.069

Age 0.143

Table IV. Univariate and multivariate analyses of the relation-
ships between clinicopathological factors and cancer-related
survival in gRT-PCR data.

Factor p-value OR 95% CI  p-value

Lymph node metastasis <0.0001 3344 1.707-7.769 0.0008
0.0005 1.784 0.942-3.585 0.0744
0.0288 2.037 1.026-3.889 0.0417

Venous invasion
EFNA1 expression

Tumor differentiation  0.0015 1.046 0.652-4.082 0.2954
Depth of invasion 0.0001 2.253 1.199-13.611 0.0242
Tumor site 0.6044
Age 0.1434
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