IV. BFZEREOTI1T% - BRI



Clinical Trial Notes

Jpn J Clin Oncol 2013;43(3)321—323

doi:10.1093/jjco/hys219

Advance Access Publication 28 December 2012

Prospective Feasibility Study to Evaluate Neoadjuvant-

synchronous S-1 + RT for Locally Advanced Rectal Cancer:

A Multicenter Phase Il Trial (UMIN ID: 03396)

Masafumi Inomata'’2*, Tomonori Akagi'2, Kentaro Nakajima'2, Tsuyoshi Etoh':2, Norio Shiraishi':2,
Koichiro Tahara2, Toshifumi Matsumoto?, Tadahiko Kinoshita2, Kyuzo Fujii?, Akio Shiromizu?,

Nobuhiro Kubo? and Seigo Kitano'2

"Department of Gastroenterological Surgery, Oita University Faculty of Medicine, Oita, Japan and 2OITA-Trial Group

*For reprints and all correspondence: Masafumi Inomata, Department of Gastroenterological Surgery, Oita University

Faculty of Medicine, 1-1 Idaigaoka, Hasama-machi, Oita 879-5593, Japan. E-mail: inomata@ol

Received July 23, 2012; accepted December 1, 2012

ita-u.ac.jp

In Western countries, the standard treatment for locally advanced rectal cancer is preopera-
tive chemoradiotherapy followed by total mesorectal excision. However, in Japan, the treat-
ment results without preoperative chemoradiotherapy are by no means inferior; therefore,
extrapolation of the results of preoperative treatment in Western countries to Japan is contro-
versial. We consider that survival may be improved by preoperative chemoradiotherapy with
new anticancer agents as they are expected not only to decrease the local recurrence rate
but also to prevent distant metastases. We are conducting a multicentre Phase 1l study to
evaluate the safety and efficacy of neoadjuvant chemoradiotherapy using S-1 in patients with
locally advanced rectal cancer. The primary endpoint is the rate of complete treatment of
neoadjuvant chemoradiotherapy. Secondary endpoints are the response rate of neoadjuvant
chemoradiotherapy, short-term clinical outcomes, rate of curative resection and pathological
evaluation. The short-term clinical outcomes are adverse events of neoadjuvant chemo-

radiotherapy and surgery-related complications. Thirty-five patients are required for this study.
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INTRODUCTION

The standard treatment for locally advanced rectal cancer is
well known to differ between Japan and Western countries.
In Western countries, multimodal therapies such as preopera-
tive short-term intensive radiotherapy or conventional long-
term radiotherapy in combination with 5-fluorouracil
(5-FU)-based chemotherapy have gained widespread accept-
ance for the treatment of locally advanced rectal adenocar-
cinoma (1). These treatments provide improved local control
when compared with surgery alone, although only one study
has shown a survival benefit (2). The local control benefit of
preoperative radiotherapy remains relevant even in the era of
total mesorectal excision (TME) (3). The addition of chemo-
therapy to preoperative conventional long-term radiotherapy
(RT) has been demonstrated to be feasible, with enhanced

tumoricidal effects (4). In Japan, TME or tumor-specific
mesorectal excision followed by adjuvant chemotherapy
without preoperative treatment is a standard strategy, and
lateral lymph node (LN) dissection is added in patients with
lower rectal cancer (5). The results of the surgical treatment
without RT in Japan are by no means inferior to those in
Western countries that do use RT with surgery. Therefore,
extrapolation of the results of preoperative treatment in
Western countries to Japan is controversial.

Recently, new anticancer agents have markedly improved
the response rate and prognosis of unresectable and recurrent
colorectal cancer. Locally advanced rectal cancer may be
controlled by the addition of new anticancer agents. In
Western countries, new treatment strategies have been tested,
including the addition of new cytotoxic drugs and/or
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322 Neoadjuvant S-1 + RT for rectal cancer

molecular-targeted drugs to fluoropyrimidine-based chemor-
adiotherapy concurrently or before chemoradiotherapy (6,7).
On the other hand, there is a concept that oral chemotherapy
has major advantages over intravenously administered treat-
ment in terms of pharmacoeconomic considerations and
patient preferences, because oral treatment can be adminis-
tered on an outpatient basis, thereby reducing the length of
patients’ hospital stays (8). Over time, the role of oral
chemotherapy in the treatment of malignant disease is
expected to become increasingly significant. S-1 (TS-1,
Taiho Pharmaceutical) is an orally active combination of
tegafur (a prodrug that is converted by cells to fluorouracil),
gimeracil (an inhibitor of dihydropyrimidine dehydrogenase,
which degrades fluorouracil) and oteracil (which inhibits the
phosphorylation of fluorouracil in the gastrointestinal tract,
thereby reducing the gastrointestinal toxic effects of fluorour-
acil) in a molar ratio of 1:0.4:1 (9,10). The rate of response
to treatment with S-1 alone exceeded around 40% in two
Phase 11 trials involving patients with advanced or recurrent
colorectal cancer (11,12). Furthermore, S-1 has been demon-
strated to enhance the radiation response of human colon
cancer xenografts resistant to 5-FU (13). In 2011, Sadahiro
et al. (14) reported that the efficacy of chemoradiotherapy
with S-1 seems to be equivalent to the efficacy reported for
chemoradiotherapy with capecitabine. However, the dose of
S-1 (100 mg/m?) in our study is different from that of S-1
(80 mg/m?) in the above-mentioned study. We planned the
present study in order to obtain the more excellent efficacy.

We consider that survival may be improved by preopera-
tive treatment with new anticancer agents, S-1 as they are
expected to decrease local recurrence due to their effect of
bulk reduction, to obtain a high rate of complete treatment
of neoadjuvant chemoradiotherapy and to prevent distant
metastases.

We conducted our own Phase II study to confirm the
safety and efficacy of the chemoradiotherapy using S-1
before surgery. Our administration schedule of S-1 is
100 mg/m?/day for 5 days, and followed by no administra-
tion for 2 days. The total dose of S-1 per week is 500 mg/
m?/week. On the other hand, S-1 at 80 mg/m?/day is the
standard dose used as a single agent for systemic therapy,
which gives a total of 560 mg/m*/week. Because the total
dose of S-1 per week in our study (500 mg/m?) is less than
the standard amount per week (560 mg/m?), Phase I trial has
not been conducted.

The institutional review board of each participating center
approved the study protocol. This study was registered
at the UMIN Clinical Trial Registry as UMIN000003396
(http:/www.umin.ac. jp/ctr/index.htm).

PROTOCOL DIGEST OF THE OITA TRIAL
PuRrPOSE

To evaluate the feasibility and efficacy of neoadjuvant CRT
for locally advanced rectal cancer.

STUDY SETTING

A multi-institutional (17 specialized centers), interventional
Phase II trial. This study is registered with UMIN-CTR,
number C003396.

RESOURCES

This study was supported by a part of Grants-in-Aid for
Clinical Cancer Research from the Japanese Ministry of
Health, Labour and Welfare (22-Clinical Cancer-027).

ENDPOINTS

The primary endpoint is the rate of complete treatment of
neoadjuvant chemoradiotherapy. Secondary endpoints are
the response rates of neoadjuvant chemoradiotherapy, short-
term clinical outcomes, rate of curative resection and patho-
logical evaluation. The short-term clinical outcomes are
adverse events of neoadjuvant chemoradiotherapy, surgery-
related complications. The response rate is evaluated using
RECIST, and the adverse events including preoperative che-
moradiotherapy and surgical complication are evaluated using
CTCAE v4.0. ‘

ELiGBILITY CRITERIA

Tumors are staged according to the TNM classification
system. :

IncLusion CRITERIA

For inclusion in the study, patients must fulfill the following
requirements before neoadjuvant chemoradiotherapy: (i) his-
tologically proven rectal carcinoma; (ii) tumor located in the
rectum (Ra,Rb,P); (iii) cancer classified as T3—4, NO-3 and
MO, according to the TNM classification system; (15) no
bowel obstruction; (v) age >20 and <80 years; (vi) suffi-
cient organ function; (vii) no history of gastrointestinal
surgery; (viii) no history of chemotherapy or radiotherapy
and (ix) provide written informed consent.

Excrusion CRITERIA

The exclusion criteria are as follows: (i) synchronous or
metachronous (within 5 years) malignancy other than carcin-
oma in situ; (ii) critical drug sensitivity to S-1; (iii) severe
pulmonary emphysema, interstitial pneumonitis or ischemic
heart disease; (15) pregnant or lactating women; (v) severe
mental disease; and (vi) continuous systemic steroid therapy.

TREATMENT METHOD

For the locally advanced rectal carcinoma, two cycles
of neoadjuvant chemotherapy with S-1 (100 mg/m? on Days
1-5, 8—12, 22-26 and 29-33) is administered, and
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irradiation (total 45 Gy/25 fr, 1.8 Gy/day, on Days 1-5, 8—
12, 15-19, 22—26 and 29-33) is performed.

ADDITIONAL TREATMENT

Resection of the rectum with D3 lymphadenectomy is per-
formed according to the Japanese Classification of Colorectal
Carcinoma (Japanese Society for Cancer of the Colon and
Rectum. General Rules for Clinical and Pathological Studies
on Cancer of the Colon, Rectum and Anus, 6th edn, 1998 (in
Japanese)). Operation is performed during the 4th and 8th
week after the end of the neoadjuvant chemoradiation therapy.
Proposed operations are anterior resection with or without
covering ileostomy and anterior peritoneal resection. When
the preoperative and intraoperative findings demonstrate that
the lateral LNs metastasis is not suspected, lateral LNs dissec-
tion is not performed. The adjuvant chemotherapy is not
specified.

ForLrLow-up

Patients are observed by their surgeon every 3—4 months
after operation. Blood tests, abdominal computed tomog-
raphy and plain chest X-ray are carried out at each visit.

STUDY DESIGN AND STATISTICAL METHOD

This trial is designed to achieve the feasibility and efficacy
of neoadjuvant CRT with S-1 for locally advanced rectal
cancer in terms of completion rate, efficacy and adverse
events of neoadjuvant chemoradiation and curative resection
rate. If the feasibility and efficacy of neoadjuvant CRT with
S-1 is shown, neoadjuvant CRT with S-1 will be the pre-
ferred treatment. The planned sample size is 35 patients,
which was calculated by Southwest Oncology Group’s two-
stage attained design (16) based on a target rate of treatment
completion of 90% and a minimum completion rate of 70%,
with an a error of 0.05 and b error of 0.15.

Funding

This study was supported by a part of Grants-in-Aid for
Clinical Cancer Research from the Japanese Ministry of
Health, Labour and Welfare (21-23 Clinical Cancer-017).
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ORIGINAL ARTICLE

Multivariate Evaluation of the Technical Difficulties in
Performing Laparoscopic Anterior Resection for
Rectal Cancer

Tomonori Akagi, MD,* Masafumi Inomata, MD, PhD,* Tsuyoshi Etoh, MD, PhD,*
Hatsuo Moriyama, MD, PhD,* Kazuhiro Yasuda, MD, PhD,* Norio Shiraishi, MD, PhD,*
Nobuoki Eshima, PhD,{ and Seigo Kitano, MD, PhD*

Background: Although the laparoscopic approach is accepted for
the treatment of colon cancer, its value for low rectal cancer is
unknown. We sought to evaluate the technical feasibility of lapa-
roscopic low anterior resection (Lap-AR) by determining short-
term clinical outcomes and identifying the corresponding predictive
factors.

Methods: A retrospective single-institution study was carried out
on 82 patients in whom Lap-AR had been attempted for rectal
cancer during the period spanning April 2001 to December 2009.
Patient characteristics, operative outcomes, and postoperative
morbidities and mortalities were analyzed.

Results: The median operative time and the intraoperative blood
loss were 300 minutes and 72.5 g, respectively. Overall morbidity
and mortality rates were 11.0% and 0%, respectively. Complica-
tions included wound infection (6.1%, n = 5), anastomotic leakage
(1.2%, n = 1), ileus (1.2%, n = 1), and pneumonia (2.4%, n = 2).
A multivariate analysis indicated that the important risk factor
associated with an operative time of >300 minutes was the
T factor, and the risk factor associated with intraoperative blood
loss was a body mass index (BMI) of >25kg/m?

Conclusions: Lap-AR is a technically feasible, safe, and effective
method for treating patients with rectal cancer. A BMI > 25kg/m?
and the T factor related to operative blood loss and operative time,
respectively. Assessment of high BMI and, in particular, advanced
tumor depth, should alert surgeons to the increased technical dif-
ficulty of Lap-AR.

Key Words: rectal cancer, laparoscopic anterior resection, surgical
outcome, risk factor

(Surg Laparosc Endosc Percutan Tech 2012;22:52-57)

Ithough the laparoscopic approach for the treatment of

colon cancer has become increasingly accepted and
popular, the role of laparoscopic resection in the treatment
of rectal cancer is still controversial. Rectal cancer was
excluded from most trials of laparoscopic resection of the
large bowel because of the techmical complexity of the
procedure.™ First, the anatomic position of the rectum
makes access more difficult; second, total mesorectal ex-
cision (TME) is important for reducing local recurrence;
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and finally, preservation of the autonomic nerves and the
sphincter apparatus are important to maintain bladder
control, continence, and sexual function, which represent
important aspects of the quality of life after surgery.®
Laparoscopic surgery for rectal cancer, as with open sur-
gery, is associated with a considerably higher rate of com-
plications than that of colonic surgery, especially if the
surgeon does not have sufficient experience in open TME
and advanced laparoscopic surgery. However, a similar
incidence of complications has been reported for both open
and laparoscopic techniques,”* and no differences in
complications have been found in meta-analyses.'>!

The conventional versus laparoscopic-assisted surgery
in patients with colorectal cancer (CLASICC) trial® initially
reported a greater circumferential margin involvement in
rectal cancer treated by laparoscopy (although the differ-
ence was not significant) and, at the time, recommended
caution when treating rectal cancer by the laparoscopic
approach. We retrospectively reviewed the data related to
all the laparoscopic low anterior resections (Lap-ARs)
performed by 3 experienced colorectal cancer surgeons at
our institution with the intent of establishing background
data. The objective of this single-institution retrospective
study was to evaluate the technical feasibility of Lap-AR
by determining short-term clinical outcomes. We also
attempted to identify predictive factors related to short-
term clinical outcomes of Lap-AR.

PATIENTS AND METHODS

Patient Selection Criteria

We reviewed the medical records of all 82 rectal cancer
patients in whom Lap-AR was attempted between April
2001 and December 2009 by 3 well-experienced, board-
certified laparoscopic colorectal surgeons (K.Y., M.L., and
S.K.) at our institution. Basically, we did not perform
preoperative radiotherapy; however, patients who were
preoperatively diagnosed to have very advanced cancer
with -invasion into an adjacent organ underwent pre-
operative radiotherapy. The tumor location was defined as
the distance between the distal margin of the tumor and the
anal verge, as measured by barium enema, and classified as
Rb rectum (0 to Scm), Rb rectum (5.1 to 10cm), and Rs
rectum (10.1 cm). Lap-AR for rectal cancer was performed
successfully in all patients. All participating surgeons were
personally responsible for obtaining written informed
consent from their patients.

Surg Laparosc Endosc Percutan Tech * Volume 22, Number 1, February 2012
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Performing Laparoscopic Anterior Resection

Indications for Lap-AR

The initial indication for Lap-AR was mucosal or
submucosal (cT0, 1) rectal cancer. Patients suitable for en-
doscopic mucosal resection or those with a history of lower
abdominal surgery were excluded. Since 2007, however, the
criteria have been extended by some investigators to include
patients with preoperative cT2-4 N0-3 MO lesions.

Surgical Procedure

Laparoscopic resection was performed as follows:
laparoscopic AR is performed for the treatment of early
rectal cancer located just above the dentate line and ad-
vanced rectal cancer located > 1 cm above the dentate line.
These criteria enable the acquisition of an adequate distal
margin after rectal transection. Patients were placed in the
Lloyd-Davis position, with the head and the right side of
the bed lowered. First, a 12-mm camera port was inserted
below the umbilicus using the open method. After the
creation of a pneumoperitoneum, 4 working ports were
inserted: 5-mm ports in the right and the left upper ab-
dominal quadrants and 12-mm ports in the right and the
left lower abdominal quadrants. After mobilization of the
left colon, if necessary, mobilization of the splenic flexure
was performed; intracorporeal ligation of the inferior
mesenteric vessels was performed followed by mobilization
of the rectum and the mesorectum. This permitted the
performance of the laparoscopic no-touch isolation tech-
nique, the so-called “medial-to-lateral” approach and
TME, except in the case of midrectal cancer, where a
tumor-specific mesorectal excision was performed. After the
completion of full mobilization by cutting the peritoneum
from the lateral side, intracorporeal transection of the distal
bowel was performed with an Endo GIA stapler (Ethicon
Endo-Surgery, Cincinnati, OH). Usually, 2 stapler car-
tridges were intentionally used for complete resection. The
bowel was exteriorized through a 4- to 6-cm incision made
under a wound protector over the midlower port site and
was divided with appropriate proximal bowel, following
which the proximal anvil was then placed. The anastomosis
was performed by means of the double-stapling technique.

Quantification of Visceral Fat Area

Accumulation of visceral adipose tissue was de-
termined by measuring the area of such tissue at the single
level of the umbilicus by computed tomography (CT).
Visceral obesity was defined as a visceral fat area (VFA) of
100 cm? or more according to the Japan Society for the
Study of Obesity.!” All quantification of VFA for the

TABLE 1. Clinicopathologic Characteristics of Patients

Undergoing Lap-LAR (n=82)

Variables Median (Range) n %
Age (v)

<60 56.5 (38-60) 27 329

> 60 73 (61-95) 55 37.1
Sex

Male — 49 59.8

Female — 33 40.2
BMI (kg/m?)

<25 21.2 (16-24.5) 65 79.3

>25 26.5 (25.3-30.5) 17 20.7
VFA (cm?)

<100 85.3 (65.0-100) 42 51.2

> 100 146.8 (102-266) 40 48.8
Pelvic width (mm)

<190 178.2 (145.8-189.0) 41 50

>190 205.0 (193.8-263.3) 41 50
Comorbidity

None —_ 32 39

One or more — 50 61
Tumor location

Rs/Ra —_ 66 80.5

Rb — 16 19.5
T factor

T1/2 — 29 354

T3/4 — 53 64.6
Tumor size (mm)

<40 27.0 (10-40) 43 524

> 40 52.5 (42-90) 39 47.6
Lymph node dissection

Di/2 — 28 34.1

D3 — 54 65.9
Creating ileostomy

Present — 6 73

Absent —_ 76 92.8
Conversion to open

Present — 1 1.2

Absent —_ 81 98.8
Preoperative radiotherapy

Present — 5 6

Absent —_ 77 94

BMI indicates body mass index; Lap-AR, laparoscopic low anterior
resection; VFA, visceral fat index.

procedures described above was performed by a single ex-
aminer (T.A.). The free software, Scion Image (http://
www.scioncorp.com/), was used to measure the area of
visceral adipose tissue.

FIGURE 1. A, An abdominal x-ray showing the measurement of the pelvic inlet. B, A computed tomography image showing the
measurement of the longitudinal diameter from the abdominal wall to the backside pelvic wall, which corresponds to the location of the

pelvic inlet diameter measured in (A).

© 2012 Lippincott Williams & Wilkins
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Definition of Pelvic Width

All patients underwent both abdominal x-ray and ab-
dominopelvic CT with a slice interval of Smm. A single ob-
server first measured (a) the diameter of the pelvic inlet on
abdominal x-ray (Fig. 1A) and then measured (b) the longi-
tudinal diameter from the abdominal wall to the backside
pelvic wall, which corresponded to the location of the pelvic
inlet diameter, on a CT image (Fig. 1B). In this study, we
defined pelvic width as the product obtained by multiplying
(a) by (b). In order to obtain reproducibility, the measure-
ment was repeated twice. Because pelvic width is not clin-
ically difficult to measure, it is not necessary to perform
additional examinations such as 3-dimensional CT.

Statistical Analysis

The Pearson %2 test with the level of significance set at
0.05 was performed to analyze the association among the
risk factors and response variables, that is, operation time,
intraoperative blood loss, creation of a covering ileostomy,
and overall postoperative complications. A multiple logistic
regression analysis was carried out to determine the risk
factors associated with the response variables. As a model
selection procedure in the regression analysis, a backward
elimination procedure was used. All statistical analyses
were performed with the Statistical Package for the Social

Science (SPSS) version 13.0 for Windows software program
(SPSS Inc., Chicago, IL).

RESULTS

Patient Clinicopathologic Characteristics

Sixteen of the 82 (19.5%) patients had lower rectal
cancer (Rb), and the remaining 66 (80.5%) patients had
upper or midrectal cancer (Table 1). Tumor invasion was
up to the muscular layer (T1/2) in 29 (35.4%) of the pa-
tients, and the tumors in the remaining 53 (64.6%) were
classified as T3/4. Preoperative radiotherapy (total 45 Gy)
was performed in 5 (6.0%) of the 82 patients.

Perioperative Outcomes

The median operation time and the intraoperative
blood loss were 300 minutes and 72.5g, respectively. A
covering ileostomy was created in 6 of the patients. Most
patients without complications were discharged by post-
operative day 14 or 18. Open conversion was required in-
traoperatively in 1 patient whose body mass index (BMI)
was 33 kg/m? because of a poor recognition of intrapelvic
space. Overall morbidity and mortality rates were 11.0%
and 0%, respectively. Complications included wound in-
fection (6.1%, n = 5), anastomotic leakage (1.2%, n = 1),

TABLE 2. Univariate Analysis for Predictive Factors Associated With an Operative Time of >300 Minutes

Variables n n (%) P

Tumor size (mm) 0.24
<40 43 21 (48.8)
>40 39 24 (61.5)

Sex 0.15
Male 49 30 (61.2)
Female 33 15 (45.5)

BMI (kg/m?) 0.14
<25 65 35 (53.8)
>25 17 10 (58.8)

VFA (cm?) 0.98
<100 42 23 (54.8)
>100 40 22 (55)

Dissection 0.25
D1/2 28 17 (60.7)
D3 54 28 (51.9)

Tumor location 0.57
Rs/Ra 64 35 (54.7)
Rb 16 10 (62.5)

Pelvic width (mm) 0.5
<190 41 21 (51.2)
>190 41 24 (58.5)

T factor 0.023
T1/2 29 11 (37.9)
T3/4 53 34 (64.2)

Creating ileostomy
Present 6 4 (66.7) 0.54
Absent 76 41 (53.9)

Preoperative radiotherapy 0.24
Present 5 4 (80)
Absent 77 41 (53.2)

Comorbidity 0.84
Present 32 18 (56.3)
Absent 50 27 (54)

Multivariate analysis for predictable factors associated with an operative time of > 300min

Variables P Regression Coefficient SE OR 95% C1
Operation time (> 300 min) T factor 0.011 1.279 0.503 3.59 1.34-9.64

BMI indicates body mass index; CI, confidence interval; OR, odds ratio; VFA, visceral fat index.
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Performing Laparoscopic Anterior Resection

ileus (1.2%, n = 1), and pneumonia (2.4%, n = 2). Com-
plications of wound infection, ileus, and pneumonia were
managed conservatively. One patient with leakage required
additional surgery.

Risk Factors Associated With an Operation Time
>300 Minutes

Univariate analyses showed that only T factor affected
an operation time of >300 minutes following Lap-AR
(Table 2). Furthermore, a multivariate analysis identified
T factor (odds ratio = 3.59, 1.34 < 95% confidence interval
< 9.64, P = 0.011) as the independent risk factor associated
with an operation time of > 300 minutes.

Risk Factors Associated With an Intraoperative
Blood Loss of >100g

Univariate analyses showed that male sex, BMI > 25
kg/m?, and VFA > 100 cm? affected an intraoperative blood
loss of > 100 g following Lap-AR (Table 3). Furthermore,
multivariate analysis identified BMI (odds ratio = 3.75,
1.22<95% confidence interval <11.54, P = 0.012) as the
independent risk factor associated with an intraoperative
blood loss of >100g.

Factors Associated With the Creation of a
Covering lleostomy

Univariate analyses showed that a tumor size of
>40mm, Rb tumor location, and preoperative radio-
therapy affected the creation of a covering ileostomy to
prevent anastomotic leakage (Table 4). However, no in-
dependent factors associated with the creation of a covering
ileostomy could be identified because of an insufficient
number of patients (n = 6) for multivariate analysis.

Risk Factors Associated With Overall
Postoperative Complications

Univariate analyses showed that a VFA of > 100 cm?,
preoperative radiotherapy, and creating ileostomy affected
overall postoperative complications following Lap-AR
(Table 5). However, no independent risk factors associated
with overall complications could be identified because of an
insufficient number of patients (n =9) for multivariate
analysis.

DISCUSSION
Laparoscopic approaches are accepted for colon can-
cer surgery. Several randomized clinical trials (RCTs) of
laparoscopic versus open colectomy for colon or colorectal

TABLE 3. Univariate Analysis for Predictive Factors Associated With an Operative Blood Loss of >100g

Variables n n (%) P

Tumor size (mm) 0.42
<40 43 15 (34.9)
>40 39 17 (43.6)

Sex 0.024
Male 49 24 (49)
Female 33 8(24.2)

BMI (kg/m?) 0.015
<25 65 21 (32.3)
>25 17 11 (64.7)

VFA (cm?) 0.014"
<100 42 11 (26.2)
> 100 40 21 (52.5)

Dissection 0.14
D12 28 14 (50)
D3 54 18 (33.3)

Tumor location 0.36
Rs/Ra 64 24 (37.5)
Rb 16 8 (50)

Pelvic width (mm) 0.65
<190 41 15 (36.6)
> 190 41 17 (41.5)

T factor 0.61
T1/2 29 10 (34.5)
T3/4 53 22 (41.5)

Creating ileostomy 0.15
Present 6 4 (66.7)
Absent 76 28 (36.8)

Preoperative radiotherapy 0.053
Present 5 4 (80)
Absent 71 28 (36.4)

Comorbidity 0.24
Present 32 15 (46.9)
Absent 50 17 (34)

Multivariate Analysis for Predictable Factors Associated With an Operative Blood Loss of >100g

Variables P Regression Coefficient SE OR 95% CI
Operative blood loss (>100g)  BMI(>25)  0.021 1.323 0573 3.75 1.22-11.54

BMI indicates body mass index; CI, confidence interval; OR, odds ratio; VFA, visceral fat index.

© 2012 Lippincott Williams & Wilkins
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TABLE 4. Univariate Analysis for Predictive Factors Associated
With the Creation of a Covering lleostomy

Variables n n (%) P

Tumor size (mm) 0.015
<40 43 6
>40 39 0

Sex 0.72
Male 49 4
Female 33 2

BMI (kg/m?) 0.8
<25 65 5
>25 17 1

VFA (cm?) 0.43
<100 42 4
> 100 40 2

Dissection 0.35
D1)2 28 1
D3 54 5

Tumor location <0.001
Rs/Ra 66 0
Rb 16 6

Pelvic width (mm) 0.09
<190 41 5
> 190 41 1

T factor 0.91
T1/2 29 2
T3/4 53 4

Preoperative radiotherapy <0.001
Present 5 4
Absent 77 2

Comorbidity 0.24
Present 32 1
Absent 50 5

BMI indicates body mass index; VFA, visceral fat index.

cancer suggest equivalent long-term outcomes with both
techniques. However, the majority of these trials were con-
ducted in patients with colon rather than rectal cancer.'™ In
experienced hands, the goals of adequate oncologic surgery
by laparoscopic methods (eg, lymph node removal, negative
resection margins) can be met, and short-term outcomes
appear comparable to those of open surgery.’*?' Critical
complications requiring reoperation and interventional
treatment after minimally invasive surgery often distress the
patient, the patient’s family, and the surgeon. Therefore, we
set out to evaluate the risk factors associated with short-
term clinical outcomes of Lap-AR for rectal cancer.

In the present study, the depth of tumor invasion was
found to be an independent risk factor associated with in-
creased operative time, which might be related to the ne-
cessity of D3 lymph node dissection and the tumor size. It is
common in pelvic surgery to consider a narrow pelvis to be
1 important factor associated with increased operative time.
Targarona et al* reported that a smaller pelvic diameter
was an independent predictor of operative time in a series
of 60 patients who underwent la?aroscopic resection for
rectal tumors, and Akiyoshi et al* also reported a narrow
pelvis to be an independent predictor of operative time in
79 patients undergoing laparoscopic resection for lower
rectal cancer. However, the present study did not show an
association between the pelvic width and an increased op-
erative time. Although we usually perform pelvic surgery
without preoperative pelvimetry, in the near future, an easy
method to measure pelvic volume may be necessary to
perform laparoscopic surgery more safely.
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Surgeons have known for some time that laparoscopic
colorectal surgery is clearly more technically demanding in
obese patients.?* In the present study, BMI was identified as
an independent risk factor for operative blood loss, whereas
VFA was not found to be an important risk factor asso-
ciated with an increase in operative blood loss. Some re-
ports indicate that BMI is the better predictor of surgical
outcome,**** whereas other reports indicate that VFA is a
better predictor than BMIL.*%*" To decrease operative blood
loss, it is necessary to use ultrasonic shears and bipolar
devices. We use the Sonosurg (Olympus, Tokyo, Japan)
and LigaSure systems (Covidien, Neustadt an der Wein-
strasse, Germany) for dissecting several tissues except for
major vessels. Use of such devices may contribute to the
spread of laparoscopic surgery in obese patients. Further
examination is necessary to determine with certainty as to
which is the better predictor of surgical outcome.

In the present study, univariate analysis showed that a
VFA of >100cm? and preoperative radiotherapy affected
overall postoperative complications after Lap-AR. However,
no independent risk factors associated with overall compli-
cations could be identified because of an insufficient sample
size for multivariate analysis. Akiyoshi et al*® reported that
Lap-AR after preoperative chemoradiation therapy does not
appear to affect surgical and oncologic outcomes negatively.

The capability to create a covering ileostomy during AR
is the 1 thing that most differentiates AR from gastrectomy.

TABLE 5. Univariate Analysis for Predictive Factors Associated
With Overall Postoperative Complications

Variables n n (%) P

Tumor size (mm) 0.22
<40 43 3(D
>40 39 6 (15)

Sex 0.058
Male - 49 8 (16)
Female 33 1(3)

BMI (kg/m?) 0.32
<25 65 6 (9.2)
>25 17 3 (18)

VFA (cm?) 0.012
<100 42 1.3)
> 100 40 8 (20)

Dissection 0.96
D172 28 3(10.7)
D3 54 6 (11.1)

Tumor location 0.83
Rs/Ra 66 7 (10.6)
Rb 16 2 (12.5)

Pelvic width (mm) 0.72
<190 41 4 (8.9)
>190 41 5(12.2)

T factor 0.38
T1/2 29 2 (6.8)
T3/4 53 7(13.2)

Creating ileostomy 0.002
Present 6 3 (50)
Absent 76 6 (7.9

Preoperative radiotherapy 0.032
Present 5 2 (40)
Absent 77 7(5.1)

Comorbidity 0.069
Present 32 13.1)
Absent 50 8 (16)

BMI indicates body mass index; VFA, visceral fat index.

© 2012 Lippincott Williams & Wilkins
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Performing Laparoscopic Anterior Resection

During AR, surgeons can create a temporary covering
ileostomy to protect the colorectal anastomosis. It is difficult
for surgeons to decide on when to create an ileostomy. The 3
experienced surgeons in the present study created a covering
ileostomy in 6 of 82 (7.3%) patients. Univariate analysis
showed that >40-mm tumor size, Rb tumor location, and
preoperative radiotherapy affected the creation of a covering
ileostomy. The reason that tumor size was a significant factor
in univariate analysis may be due to the decrease in tumor
size as a result of preoperative radiotherapy, whereas the anal
margin of the tumor in all patients receiving covering ileos-
tomy progressed to the anal canal. Unfortunately, an in-
sufficient sample size for multivariate analysis prevented the
identification of independent risk factors associated with the
creation of a covering ileostomy.

Although Law et al'® reported on a prospective RCT
comparing open and Lap-AR for upper rectal cancerand
Akiyoshi et al”® reported factors affecting the difficulty of
laparoscopic surgery for low rectal cancer, unfortunately, their
patients were confined to upper or lower rectal cancer only. In
the present study, we evaluated the short-term clinical out-
comes of Lap-AR for all rectal cancer locations, whereas
middle and lower rectal cancer were excluded in most large-
scale RCTs. Lujan et al® reported an RCT comparing lapa-
roscopic and open surgery in patients with rectal cancer. In
their study, however, a covering ileostomy was created in more
than 60% of the patients, and abdominoperineal excisions were
performed in 23.8% of the patients in the laparoscopic group.
Our aim was the evaluation of predictive factors for short-term
clinical outcomes of Lap-AR that required anastomosis. To
our knowledge, there are few reports that discuss the predictors
of surgical outcomes of Lap-AR comprehensively. We recog-
nized the limitations of a retrospective study. Nevertheless, we
believe that this series provides important information for be-
ginners in selecting a suitable case in the initial learning curve of
the laparoscopic treatment of rectal cancer. Further work to
refine the predictive factors of surgical outcomes and validate
these factors with other data sets should be undertaken.
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Visinin-like protein-1 overexpression is an indicator of lymph
node metastasis and poor prognosis in colorectal cancer

patients
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The ability of malignant tumors to metastasize is the major
cause of death from cancer and failure of cancer treatment.
Although treatments with radical surgery, radiotherapy and
systemic chemotherapy are performed, clinical outcome is
unsatisfactory because of metastatic spread. It has been
shown that tumor metastatic stage is one of the most impor-
tant prognostic factors of clinical outcome.! Understanding
the molecular mechanisms of the complex multistep process
of tumor metastasis can facilitate the development of preven-
tive measures, early diagnostic methods and better treatment.
The morbidity and mortality rates of colorectal cancer (CRC)
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in many Asian countries, including Japan, have gradually
increased every year.> Chemotherapy has improved the clini-
cal outcome and survival rate in cases of nonresectable and
recurrent CRC;>* however, there is still a need to identify
patient subgroups with high or low risk of tumor recurrence
and to tailor individual therapeutic interventions. In particu-
lar, lymph node metastasis is widely accepted as one of the
most important prognostic factors in CRC patients,” and
there is an urgent need to identify molecular markers that
can be used as predictors of lymph node metastasis.
Presently, the standard procedure for determining the
spread of metastatic disease to lymph nodes is pathological
examination of ~20 resected lymph nodes stained with he-
matoxylin and eosin (H&E). Generally, each lymph node is
transected at the maximum cut and examined by H&E stain-
ing. However, false negatives occur at a constant rate of
probability, even though examination for micrometastasis,
which is defined as the presence of tumor cells—single cells
or in small clusters—and is detected only by cytokeratin-spe-
cific immunostaining, is performed. We reasoned that an
assay that is able to identify patients with metastatic disease
by measuring RNA expression levels of selected genes would
be helpful in clinical decision making. There are several
reports of potential markers associated with lymph node me-
tastasis;>® however, none of these markers is yet ready for
clinical application. According to our study of microarray
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VSNL-1 indicates lymph node metastasis and prognosis

Table 1. Clinicopathological features of patients positive and negative for lymph node metastasis by microarray analysis

| e G=13y N @=1)
F'a"f;tﬁrsv F | e o % ks ’ No FE B
Age (mean, range) 67.3 (55-82) 67.1 (45-81)
Séx,(m’alg:fgméi;e)4cy e : ;”',{'5 /8 an o
Histological grade '
Well o 364
Modérately, poorly, othefs 63.6
45.5
VTurribly' invasibn
sm, mp, 55, se, ol 84.6 G 1000
2 0 0.0

r of lymph node metastases

i 13

11 100.0

100.0 0 0.0

Tumor invasion of submucosa (sm), muscularis propria (mp), subserosa (ss), penetration of serosa (se) and invasion of adjacent structures (si). A:
Tumor with serosal invasion in rectum below the peritoneal reflexion. Ai: Tumor with invasion into adjacent organs in rectum below the peritoneal

reflexion.

and reverse transcriptase-polymerase chain reaction (RT-
PCR) data, we identified two important genes associated with
lymph node metastasis. One was VSNL-1 that had been
described as a tumor suppressor gene in esophageal squa-
mous cell carcinoma by Mahloogi et al’® or as an oncogene
in neuroblastoma by Xie et al,'* whereas the other was ecto-
nucleotide pyrophosphatase phosphodiesterase 1 (ENPP1)
that had been previously reported to play roles in mineraliza-
tion, nucleotide recycling and insulin resistance.'> The immu-
nohistochemical examinations demonstrated that not ENPP-1
but VSNL-1 had good correlations between mRNA expres-
sion and protein expression, which meant significant correla-
tions between protein expression and pathological lymph
node metastasis. Therefore, in our study, we focused on the
clinicopathological significance of the expression of visinin-
like protein-1 (VSNL-1) in CRC and evaluated the prognostic
implications of VSNL-1 expression in stage II and stage III
disease.

Material and Methods

Clinical samples

Medical records were searched for patients who underwent
surgical resection for CRC at Oita University between 2009
and 2010. Tissue from 24 CRC patients with information
about clinicopathological features was collected. Of these 24
patients, 13 had pathological lymph node metastasis and 11
did not. Clinical characteristics of the patients are summar-
ized in Table 1. Snap-frozen primary tumor and paired non-
tumor tissue specimens were immediately cut from resected
colon and rectum and embedded in Tissue Tek OCT me-
dium (Sakura, Tokyo, Japan), frozen in liquid nitrogen and
kept at —80°C until RNA extraction. Analyzed samples were
taken from the primary tumor, not from a lymph node.
Formalin-fixed paraffin-embedded samples from 143 consec-
utive CRC patients who underwent colorectal surgery at Oita
University between 2001 and 2005 were also examined
immunohistochemically to investigate the association between

Int. J. Cancer: 131, 1307-1317 (2012) © 2011 UICC
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clinicopathological features and VSNL-1 expression. Written
informed consent was obtained from all patients, and the
study protocol was approved by the local ethics committee.

Total RNA extraction and first-strand ¢cDNA synthesis

First, frozen specimens were examined microscopically by
H&E staining after sectioning with a Cryostat microtome,
and we confirmed that cancer cells accounted for more than
95% of the cells within the specimen. Second, frozen tissue
specimens were homogenized, and total RNA was extracted
with a miRNeasy mini kit (Qiagen, Valencia, CA). Total
RNA (8.0 pg) was reverse transcribed to ¢cDNA using MLV
reverse transcriptase (Invitrogen Corp., Carlsbad, CA).

c¢DNA microarray

We used the commercially available Human Whole Genomic
Oligo DNA Microarray Kit (Agilent Technologies, Santa
Clara, CA). Cyanine (Cy)-labeled cRNA was prepared using
T7 linear amplification as described in the Agilent Low RNA
Input Fluorescent Linear Amplification Kit Manual (Agilent
Technologies). Labeled cRNA was fragmented and hybridized
to an oligonucleotide microarray (Whole Human Genome
4x44 K; G4112F, Agilent Technologies). The fluorescent
intensities were determined with an Agilent DNA Microarray
Scanner and analyzed using G2567AA Feature Extraction
Software Version A.7.5.1 (Agilent Technologies), which used
the LOWESS (locally weighed linear regression curve fit) nor-
malization method.”® This microarray study followed the
MIAME guidelines issued by the Microarray Gen Expression
Data group.'* Further analyses were performed using Gene-
Spring version 7.3 (Silicon Genetics, San Carlos, CA).

Quantitative RT-PCR

The primers used to generate cDNA are summarized in Sup-
porting Information Table 1. Glyceraldehyde-3-phosphatede-
hydrogenase (GAPDH), the internal control, was amplified
using 5-GCTCTCTGCTCCTCCTGTTC-3' (sense) and 5'-
ACGACCAAATCCGTTGACTC-3' (antisense). Real-time
monitoring of PCR reactions was performed with a LightCy-
cler System (Roche Applied Science, Indianapolis, IN) and
SYBR-Green I dye (Roche Applied Science). After the reac-
tion mixture was loaded into glass capillary tubes, quantita-
tive RT-PCR was performed with the following cycling con-
ditions: initial denaturation at 95°C for 10 min, followed by
40 cycles of 95°C for 10 sec, annealing at 62°C for 10 sec
and extension at 72°C for 10 sec. After amplification, the
products were subjected to a temperature gradient of 67 to
95°C in increments of 0.2°C/sec under continuous fluores-
cence monitoring to produce a melting curve of the products.

Quantitative RT-PCR data analysis

We used LightCycler Software version 3.5 (Roche Molecular
Biochemicals, Indianapolis, IN) to calculate the cycle num-
bers. After proportional baseline adjustment, the fit point
method was used to determine the cycle in which the long-
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linear signal was first distinguishable from the baseline. This
cycle number was used as the crossing point value. A stand-
ard curve was produced by measuring the crossing point of
each standard value and plotting it against the logarithmic
value concentration. Concentrations of unknown samples
were calculated by plotting their crossing points against the
standard curve and dividing by GAPDH content. GAPDH
expression was not different between tumor and normal
tissues.

Immunohistochemistry

Immunohistochemical studies for VSNL-1 and ENPP-1 were
performed on formalin-fixed, paraffin-embedded surgical sec-
tions obtained from the 24 CRCs that had been analyzed by
microarray and the 143 CRCs that had been resected surgi-
cally between 2001 and 2005. Tissue sections were deparaffi-
nized, soaked in 0.01 M sodium citrate buffer and cell anti-
gens were retrieved. The primary rabbit polyclonal antibodies
against VSNL-1 (Roche Diagnostics Japan, Tokyo, Japan; cat.
no. 04688589001) and the goat polyclonal antibodies against
ENPP-1 (Abcam, Tokyo; cat. no. ab40003) were used at dilu-
tions of 1:50. Tissue sections were immunohistochemically
stained using the avidin-biotin-peroxidase method (LSAB +
system-HRP; DAKO, Kyoto, Japan). All sections were coun-
terstained with hematoxylin. Evaluation of the immunohisto-
chemical data was performed by two independent patholo-
gists who were blinded to the clinical and pathological data
of the patients. Staining intensity was judged as 0 (no stain),
1 (less than that in normal colorectal epithelial cells as the
positive internal control), 2 (as intense as that in the positive
internal control) or 3 (more than that in the positive internal
control). The populations of positively stained cells were cate-
gorized into four groups on the basis of the percentage of
positive tumor cells: 0 (0% positive cells), 1 (1-9% positive
cells), 2 (10-50% positive cells) and 3 (>50% positive cells).
Scoring was performed three times per case in three distinct
fields, and the three scores were averaged. The averaged
scores for intensity and population were summed, and
summed scores of >3 or <2 were categorized as high or low,
respectively. Although there were a few differences as to each
scores: staining intensity and populations of positively stained
cells between the two pathologists, there were no differences
as to the final judgment, which indicated high or low group
in immunohistochemical staining examination between the
two pathologists.

Association between VSNL-1 expression and
clinicopathological features in CRCs

The association between clinicopathological features and
VSNL-1 expression in the 143 consecutive CRC patients who
underwent colorectal surgery at Oita University between
2001 and 2005 was examined. Clinicopathological features
included histological grade, tumor size, tumor invasion, the
number of lymph nodes examined and lymphatic invasion.
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Table 2. Representatlve mRNAs dlfferentlally expressed in tumor cells thh lymph node metastasis
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Additionally, we evaluated the prognostic implications of
VSNL-1 expression in stage II and stage TIT disease.

Statistical analysis

For continuous variables, data are expressed as the means +
standard deviation. The relation between VSNL-1 mRNA
expression and clinicopathological factors was analyzed using a
? test and i-test. Overall survival curves were plotted accord-
ing to the Kaplan-Meier method and measured from the day
of surgery, with the log-rank test applied for comparison. Vari-
ables with p value < 0.05 by univariate analysis were used in
subsequent multivariate analyses based on Cox’s proportional
hazards model. All statistical analyses were performed with
JMP software (SAS Institute, Cary, NC), and the findings were
considered significant when the p value was <0.05.

Results

Identification of genes differentially expressed in primary
CRCs with lymph node metastasis

First, to identify the genes differentially expressed in primary
CRCs with lymph node metastasis compared with those

without metastasis or normal colorectal epithelium, we per-
formed gene expression profiling on the 24 cases of CRC,
which consisted of 13 pathological node-positive cases and
11 node-negative cases. Additionally, eight normal colorectal
epithelial samples were collected from four of the pathologi-
cal node-positive patients and four of the node-negative
patients and were analyzed.

Comparison of the expression levels of genes as described
in the Material and Methods section revealed that 24 genes
were differentially expressed (Table 2), of which 13 genes
were significantly downregulated in the patients with lymph
node metastasis, and 11 genes were upregulated.

Quantitative RT-PCR

To validate the microarray data, the 24 genes were further
analyzed by quantitative RT-PCR. The expression level of all
24 genes showed similar trends in microarray and quantita-
tive RT-PCR results (Supporting Information Fig. 1). Among
them, VSNL-1 and ENPP1 showed statistically significant dif-
ferences in their expressions between CRCs with lymph node
metastasis and those without metastasis (Fig. 1).

Int. J. Cancer: 131, 1307-1317 (2012) © 2011 UICC
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Figure 1. Among 24 genes, quantitative RT-PCR data of visinin-like protein 1 (VSNL-1, right panel) and ectonucleotide pyrophosphatase
phosphodiesterase 1 (ENPP1, left panel) exhibited statistically significant differences of their expression between colorectal cancers with

lymph node metastasis and those without metastasis.

Immunohistochemical examination

To determine the expression levels of VSNL-1 and ENPP1
proteins in CRC tissues, we performed immunohistochemical
analysis using specific antibodies against each protein. First,
VSNL-1 protein was expressed at only low levels in the nor-
mal colorectal epithelium adjacent to the tumor in all 24
CRCs analyzed (Fig. 24). In contrast, tumor cells in 11
(45.8%) of the 24 CRCs exhibited high VSNL-1 immunoreac-
tivity in the cytoplasm, as indicated by high immunostaining
with the anti-VSNL-1 antibody. Among these 11 CRCs (Fig.
2b), nine had been diagnosed pathologically as lymph-node
positive and the other two as lymph-node negative. Further-
more, among the 13 CRCs whose tumor cells showed low to
negative expression of VSNL-1 (Fig. 2¢), only four had been
diagnosed as lymph-node positive. These findings demon-
strated that VSNL-1 had good correlations between mRNA
expression and protein expression, which meant there were
significant correlations between protein expression and patho-
logical lymph node metastasis (Fig. 2d, Supporting Informa-
tion Table 2). On the other hand, ENPP-1 did not have good
correlation (data not shown). Therefore, we focused on the
clinicopathological significance of VSNL-1 expression in CRC.

Relation between VSNL-1 expression and clinicopathological
features in CRCs. To determine whether the expression of
VSNL-1 protein correlates with clinicopathological status
other than lymph node metastasis, we immunohistochemi-
cally examined the expression of VSNL-1 in the additional
143 cases of CRC. On the basis of VSNL-1 expression levels,
the 143 cases were divided into two groups: the high VSNL-1
expression group (n = 74) and the low VSNL-1 expression

Int. J. Cancer: 131, 1307-1317 (2012) © 2011 UICC

group (n = 69). The association between VSNL-1 expression
and clinicopathological features is summarized in Table 3.
The levels of VSNL-1 expression, the frequency of lymphatic
vessel invasion and vascular invasion and stage classification
as well as lymph node metastasis were much more elevated
in the high VSNL-1 expression group than in the low VSNL-
1 expression group {p < 0.05).

To investigate the clinicopathological significance of VSNL-
1 for stage 1I CRC, we evaluated the association between
VSNL-1 expression and clinicopathological features. The low
VSNL-1 expression group comprised 51 patients, and the high
VSNL-1 expression group comprised 22 patients (Table 4).
Although the expression of VSNL-1 correlated significantly
with lymphatic invasion (p = 0.0061), there was no significant
difference between expression of VSNL-1 and overall survival
in stage II patients (p = 0.308; Fig. 3, left panel).

In our analysis of stage III disease, the low VSNL-1
expression group comprised nine patients, and the high
VSNL-1 expression group comprised 47 patients (Table 4).
Here, expression of VSNL-1 correlated significantly with both
the number of lymph node metastases (p = 0.0461) and
overall survival in stage III (p = 0.045; Fig. 3, right panel).
Univarjate analysis identified that VSNL-1 expression, tumor
invasion, lymph node metastasis, lymphatic invasion and ve-
nous invasion were prognostic factors for overall survival af-
ter surgery. Variables with p value < 0.05 by univariate anal-
ysis were selected for multivariate analysis using Cox’s
proportional hazards model. VSNL-1 expression (relative
risk: 2.38, confidence interval: 1.54-3.36, p = 0.003) was
found to be a significant factor affecting overall survival after
surgery (Table 4).
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Figure 2. Immunohistochemistry for VSNL-1 in the normal colon and cancer cells. (@) Low to negative immunoreactivity is observed in the
cytoplasm of non-neoplastic epithelial cells, original magnification x20 and x40. (b) High type: immunoreactivity is strongly detected in
the cytoplasm of the cancer cells. (c) Low to negative immunoreactivity is observed in the cytoplasm of the cancer cells. (d) Relation
between mRNA and protein expression in VSNL-1. VSNL-1 had good correlations between mRNA expression and protein expression.

Discussion

VSNL-1 is an EF-hand calcium-binding protein belonging to
the neural Ca’*-sensor protein family mainly expressed in
the central nervous system. VSNL-1 is associated with mem-
branes under physiological calcium concentrations.">'® A
well-known effect of VSNL-1 in brain cells is to modulate
the intracellular levels of cAMP, both the basic and extracell-
ularly induced cAMP concentrations. In olfactory mem-
branes, after odor stimulation, VSNL-1 preparations inhibited
adenylate cyclase activity in a calcium-dependent manner.'”
Xie et al. reported that upregulation of VSNL-1 potentiated
the anoikis-resistant ability of tumor cells in neuroblastoma,
and the expression of anoikis inhibitor TrkB, intracellular ad-
hesion molecule 1, major histocompatibility complex class I
and CD44 and CD44v6 was associated with VSNL-1 level.'
These results suggested that VSNL-1 has an important role
in proliferative and invasive phenotypes, which contribute to
CRC progression. However, Mahloogi et al. found that

VSNL-1 expression in esophageal squamous carcinoma was
reversely correlated with tumor invasive features, which may
be due to VSNL-1 elevating the level of intracellular cyclic
adenosine 3',5'-monophosphate.’” The elevation of cyclic
adenosine 3',5'-monophosphate plays both a positive'® and
negative role'® in cell migration. The precise functions of
VSNL-1 have not been clarified, and this protein probably
plays different roles in squamous carcinoma and CRC. Our
study of CRC suggested that VSNL-1 expression might have
a positive effect on tumor growth and cell invasiveness as
well as on neuroblastoma progression. Although VSNL-1 was
associated with lymphovascular invasion in addition to
lymph node metastasis and Dukes’ classification, it was not
associated with tumor size. We speculated that this was
because VSNL-1 might play a role in invasion but not in tu-
mor enlargement and expansion.

To date, there have been several reports of molecular
markers associated with lymph node metastasis.*® Wang et al.
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Table 3. Clinicopathological significance of VSNL-1 expression in colorectal cancer

umor low

Factors

Age (mean, range) 66.7 (24-94)

: 4‘2’/‘2,

(maleifermale)

Histological grade

Moderately, poorly, others

<50 mm 41

Present
Venous invasion
Absent

59.4

73.9

40 54.1

<0.0001

<0.0001

22 29.7

lV ’ - 0 ' ' 0.0

5 6.8

Tumor invasion of submucosa (sm), muscularis propria (mp), subserosa (ss), penetration of serosa (se) and invasion of adjacent structures (si). A:
Tumor with serosal invasion in rectum below the peritoneal reflexion. Ai: Tumor with invasion into adjacent organs in rectum below the peritoneal

reflexion.
Abbreviation: VSNL-1: visinin-like protein-1.

reported that underexpression of SATB2 correlated with
lymph node metastasis.® On the other hand, three reports
indicated that overexpression of each of these biomarkers,
stanniocalcin 2,” IMP3® and FANCD2,” correlated with lymph
node metastasis. However, these biomarkers have not reached
the point of clinical application. There is a possibility for the
clinical application of VSNL-1 because of its strong correla-
tion with lymph node metastasis and poor prognosis. In our
study, an analysis of overall survival curves in patients with
stage Il disease showed that patients in the high VSNL-1
expression group had a significantly poorer prognosis than
those in the low expression group. Additionally, although
there was no significant difference between expression of
VSNL-1 and overall survival in stage II disease (p = 0.308),
expression of VSNL-1 correlated significantly with lymphatic
invasion (p = 0.0061). The reason for no significant difference

Int. J. Cancer: 131, 1307-1317 (2012) © 2011 UICC

in overall survival might have been due to an insufficient
number of stage II patients.

The American Joint Committee on Cancer TNM staging
system is currently the standard for determining the progno-
sis of patients with CRC. The role of systemic adjuvant
chemotherapy in CRC patients with lymph node metastasis
has been established in a large number of clinical trials. How-
ever, its role in CRC patients at stage IT has not been well
established yet2®?* A recent meta-analysis of prospective
randomized clinical trials of adjuvant chemotherapy in
patients with Dukes’ B tumors, which do not have lymph
node metastasis, has not shown a survival benefit of chemo-
therapy,? but a significant proportion of Dukes’ B patients
(25-30%) develop recurrence and metastasis, resulting in
cancer death.”* In contrast, adjuvant treatment is universally
recommended for all patients with stage III CRC.>® However,
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Table 4. Clinicopathological significance of VSNL-1expression in stage Il and il disease

; . Tumorhigh
- expression (7 - S 2o expression (n = 22).
65.4 (24-94) 67.2 (42-88)

Tumor low

67.4 (57-81)

Number of lymph node metastases

N2 (>4) 1 11.1 22 46.8

Absent
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Table 4. Clinicopathological significance of VSNL-1expression in stage Il and Il disease (Continued)

Stage lll

Venous invasion : 0.916

Debth of tumor invasion (sm, mp, ss, éé, A/Si, Al ‘ X : . ’ 1.08-3.13
Lymphatic invasion (negétive/positive) ~» . - 1.81-4.14 /. no 1.21—2.77
enous invasion (negative/posi e S 2k 0028 L et
VSNL-i exbress‘ion (lo{/v/“higlv'n)v ‘ 2.21 1.53-2.39 6.032 2.38 1.54-3.36

_Lymph node metastasis (negative/positiv

0.003

Tumor invasion of submucosa (sm), muscularis propria (mp), subserosa (ss), penetration of serosa (se) and invasion of adjacent structures (si). A: Tumor
with serosal invasion in rectum below the peritoneal reflexion. Ai: Tumor with invasion into adjacent organs in rectum below the peritoneal reflexion.
Abbreviation: VSNL-1: visinin-like protein-1.
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Figure 3. Overall survival curves for colorectal cancer patients based on the level of VSNL-1 expression in stage Il and Il disease. There
were no significant differences in survival rates between the low expression group and the high expression group (p = 0.308, log-rank test)
in stage Il disease (left panel). Low expression group (7 = 51) and high expression group (n = 22). However, the overall survival rate for
patients in the low expression group was higher than that for patients in the high expression group (p = 0.045, log-rank test) in stage il
disease (right panel). Low expression group {n = 9) and high expression group (n = 47).
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patients with T1-T2NIMO (stage IIIA) tumors have signifi-
cantly higher survival rates than do patients with stage IIB
tumors,?® suggesting that selection of adjuvant chemotherapy
requires optimization. Therefore, there exists a need to iden-
tify patients who would benefit from adjuvant chemotherapy
before treatment, and molecular markers may give us impor-
tant insight into this challenge®*® as the patients’ markers
can be taken into account when selecting the appropriate
chemotherapy. Presently, TNM-G staging (G means genetic
diagnosis), a concept in which biological molecular markers
may be helpful for making decisions in addition to TNM
staging, has emerged. Because pathological examination of
lymph node metastasis is limited even though examination of
micrometastasis using immunohistochemical staining is per-
formed, measuring RNA expression levels of select genes
would be helpful. VSNL-1 might be a novel marker for prog-
nosis of CRC, especially reflecting the potential for malig-
nancy in stage Il or stage IlI disease.

Recently, the development of novel therapies that target
critical biological pathways has greatly expanded treatment
options for patients with CRC and has shown substantial
improvement in survival” Antagonization of VSNL-1 might
become a new molecular target agent. Moreover, because
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