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comparable to those in previous reports. In the present
investigation, due to the retrospective nature of the study
design, the level of anastomosis was calculated from the
tumor location and distal resection margin when data were
not available. And in some patients, tumor location was
measured only by digital examination and not by rectoscopy,
these might introduce bias. Although the anastomotic level
was not associated with leakage, this data should be evaluated
with caution. .

High ligation of IMA was the only leakage risk factor on
univariate analysis in the present study. Lange et al. [24]
systematically reviewed the literature concerning the level
of ligation and concluded that preserving IMA and left colic
artery was anatomically less invasive with respect to
circulation and autonomous innervations of the proximal
limb of anastomosis. Seike et al. [25] measured the colonic
blood flow at the proximal site of the anastomosis by laser
Doppler flowmetry to evaluate the influence of high
ligation. They proved a significant reduction of colonic
blood flow at the proximal site after clamping IMA. Our
result also suggested the possibility that blood flow
reduction on anastomotic sites leads to more leakage.

In the present study, we reported our low leakage rate in
cases without DS (11.5%; 24 of 209). This rate is
comparable to the leakage rate in cases with DS in a
randomized controlled trial by Matthiessen et al. (10.3%;
12 of 116) [1]. This may have some association with our
patient population that neoadjuvant radiotherapy or chemo-
radiotherapy was not performed in this series. Neoadjuvant
radiation therapy is considered to be a risk factor by some
authors [13, 14]. Although randomized multicenter trials
have shown that neoadjuvant radiation does not increase
postoperative morbidity [26-28], Peeters et al. [18] retro-
spectively analyzed risk factors from the database of the
Dutch Colorectal Cancer Group, and reported that a
defunctioning stoma was .constructed more often in
patients who had received radiation, and that the absence
of a DS was significantly associated with a higher leakage
rate. ) :

We also reported our low mortality. This reflects our low
leakage rate in cases without DS and our appropriate
decision of reoperation for peritonitis in cases without DS,
We considered that our appropriate decision lead to low
mortality rate and high reoperation rate (54.2%). In the
present study, a DS constructed at the time of initial surgery
obviously reduced the necessity of an urgent reoperation
after overt leakage, proving the clinical benefits of DS in
this regard. The important objective of DS was not to
eliminate leakage but to decrease the risk of reoperation.
However, DS construction did not guarantee the complete
safety of LAR. In fact, we experienced one mortality in a
patient with DS in this series, so complete elimination of
leakage and severe septic complications was not feasible.

@_ Springer

In conclusion, we clearly demonstrated the outstanding
safety of LAR with very low mortality and acceptable
leakage rate in our group. Although this retrospective study
could not prove whether DS can prevent leakage itself, we
found that it could mitigate the need for urgent abdominal
reoperation for leakage. To define clear criteria for DS
construction, a well-designed randomized control study is
genuinely needed in the future.
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Abstract
Background/Aims: To evaluate the short-term surgical out-
comes of laparoscopic intersphincteric resection (iSR) for
lower rectal cancer, and to compare them with a case-con-
trol series of open ISR. Methods: Between July 2002 and
March 2011, 29 patients with lower rectal cancer underwent
laparoscopic ISR, and 22 of 29 patients who underwent lapa-
roscopic ISR were compared with the control open ISR group
of patients matched for age, gender, operative procedure
and pathological stage. Results: There was no perioperative
mortality, 8 complications occurred in 7 patients, and the
morbidity rate was 24.1% (7/29). Leakage occurred in 1 pa-
tient (3.4%) in the laparoscopic ISR group. Regarding the
matched case-control study, the operative time was signifi-
cantly longer (p = 0.0007), but blood loss was significantly
lower (p = 0.0003) in the laparoscopic ISR group. The median
postoperative hospital stay was 8 days in the laparoscopic
ISR group, which was significantly shorter than in the open
ISR group (14 days). Postoperative complication rates were
similar. In the laparoscopic ISR group, the levels of C-reactive
protein on postoperative days 1-3 were significantly lower
than in the open ISR group. Conclusions: Laparoscopic ISR
for lower rectal cancer provides benefits in the early postop-
erative period without increasing morbidity or mortality.
Copyright ® 2011 S. Karger AG, Basef

Introduction

Controversy still persists regarding the appropriate-
ness of laparoscopic surgery (LS) for patients with rectal
cancer because of concerns over the safety of the proce-
dure and the uncertainty of the lJong-term outcome. The
advantages of LS for rectal cancer have been reported; LS
for rectal cancer is associated with a reduction in intra-
operative blood loss and the number of transfused pa-
tients; however, laparoscopic rectal excision has proce-
dural complexities and technical difficulties, and LS in
patients with rectal cancer is technically demanding [1].
Due to the high complication rate, it is unclear whether
LS for rectal cancer should be regarded as a minimally
invasive surgery [2].

Abdominoperineal resection was originally the stan-
dard surgery for patients with rectal adenocarcinoma lo-
cated within 5 cm from the anal verge [3]. Intersphinc-
teric resection (ISR) was developed in the 1980s to avoid
permanent colostomy for such patients, and this proce-
dure by the open approach became well established in the
1990s [4-6]. ISR involves resection of part or all of the
internal sphincter from a per anal approach and restora-
tion of bowel continuity while obtaining sufficient mar-
gins for rectal cancers involving or close to the anal canal,
and ISR is performed in combination with total mesorec-
tal excision.

At our institution, open ISR was introduced in the
1990s, and laparoscopic ISR was started in 2002 following
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advances in laparoscopic techniques. In previous reports,
we have demonstrated that open ISR for rectal cancer is
technically feasible and oncologically safe; however, lapa-
roscopic ISR is still not an established technique, and
there are only a few reports on the use of this procedure
[7-12]. Moreover, due to the lack of comparative study, it
is currently still controversial as to whether laparoscopic
ISR can be regarded as a minimally invasive surgery. The
aims of the present study are to evaluate the surgical out-
comes of laparoscopic ISR for lower rectal cancer, and to
compare these outcomes with a control series of cases
treated by open ISR.

Patients and Methods

Between July 2002 and January 2011, we performed 29 con-
tinuous laparoscopic ISR for selected patients with lower rectal
cancer, and the study took the form of a single-center, prospective,
observational, case-series analysis. Moreover, 22 of 29 patients
who underwent laparoscopic ISR were compared with 22 of 159
control open ISR patients matched for age, gender, operative pro-
cedure and pathological stage. Seven patients who underwent lap-
aroscopic ISR were excluded from the comparative study because
we could not find a matched open ISR case.

Selection criteria for open ISR were as follows: (1) sufficient
medical fitness; (2) normal sphincter function; (3) distance be-
tween thelower edge and the dentate line of <3 cm; (4) no involve-
ment of the external sphincter, and (5) no signs of disseminated
disease or clinical T4 disease. Because the safety of LS in cancer
patients remains to be established, candidates for laparoscopic
ISR were basically patients who were preoperatively diagnosed
with T1 or T2 disease. Laparoscopic ISR was also performed in
patients who were preoperatively diagnosed with T3/4 but wished
to undergo LS. Six patients registered for the clinical trial, a phase
11 trial to evaluate laparoscopic surgery for stage 0/1 rectal carci-
noma [13], are included in the present study. We excluded the fol-
lowing groups of patients from laparoscopic resection: patients
with tumors of >>8 cm; patients with a prior history of extensive

adhesions; patients with severe obesity (body mass index >30);

patients with intestinal obstruction, and patients who did not
consent to LS.

All patients were evaluated before surgery by clinical investi-
gation, including barium enema or computed tomographic colo-
nography, total colonoscopy, chest X-ray, abdominal ultrasonog-
raphy, endorectal ultrasonography, thin-section helical CT, or
high-resolution magnetic resonance.

LS was converted to open surgery when open techniques were
used to cope with unexpected intraoperative difficulties, regard-
less of the size of the wound.

The techniques of open and laparoscopic ISR have been thor-
oughly described previously [7-9, 14, 15]. After mobilization of
the left colon and splenic flexure, intracorporeal high ligation of
the inferior mesenteric vessels was performed. Recently, the lapa-
roscopic median-to-lateral approach has been indicated. In this
approach, medial-to-lateral retroperitoneal dissection of the me-
socolon and early division of the inferior mesenteric vessels were

Laparoscopic Intersphincteric Resection

performed, which preserved the inferior mesenteric plexus and
superior hypogastric plexus. After full mobilization of the rec-
tum, the intersphincteric plane between the puborectalis and the
internal sphincter was cautiously dissected as caudad as possible
under laparoscopic vision. After retractors were applied to the
anal canal, it was closed just below the tumor by purse-string su-
tures, and then irrigated with povidone iodine followed by saline.
After irrigation, the anal canal mucosa and internal sphincter
were circumferentially incised, and the intersphincteric plane was
dissected cephalad. A resection margin of at least 1 cm was always
attempted. After removal of the rectum through the anus, the pel-
vic cavity and anal canal were washed, and then a coloanal anas-
tomosis was made using 4-0 absorbable vertical mattress sutures.
A pelvic drain was placed, and a defunctioning ileostomy was
made. In all cases, the retroperitoneum was not repaired.

Parameters analyzed included gender, age, body mass index,
prior abdominal surgery, preceding local resection, ASA classifi-
cation, pathological stage, size of the tumor, lymph nodes re-
moved, operative time, operative blood loss, conversion, com-
bined surgery, colonic pouch, days to resume diet, duration of
postoperative hospital stay, and both intraoperative and postop-
erative complications within 30 days of surgery. Pathological
staging was performed according to the TNM stage. White blood
cell count and C-reactive protein (CRP) in serum were measured
preoperatively and on postoperative day 1 routinely, and on post-
operative days 2 and 3 if necessary. Data on combined surgical
techniques were all included in the analyses of cancer surgeries.

Our institutional review board does not mandate obtaining its
approval for the collection of patient clinical records prospective-
ly and for publication as an institutional case-series study. All
patients gave their informed consent for usage of their data for
analysis in the future.

Statistical analysis was performed using SPSS ver. 11.0 soft-
ware (SPSS, Chicago, Ill., USA), and Student’s t test, the Mann-
Whitney U test, and Fisher’s exact test were used as appropriate.
A p value of <0.05 was considered significant.

Results

Patient demographics of the case-series analysis are
summarized in table 1. All the operations were completed
laparoscopically in this series. Positive margin rate was 0
in the present series. With regard to simultaneous surgi-
cal techniques, 1 patient underwent laparoscopic chole-
cystectomy for a gallbladder stone. There was no periop-
erative mortality, 8 complications occurred in 7 patients,
and the morbidity rate was 24.1% (7/29). Anastomotic
leakage occurred in 1 patient (3.4%). The postoperative
course of the patient with anastomotic leakage was un-
eventful except for urinary tract infection that was man-
aged by per oral antibiotics, and the patient was dis-
charged on the 8th postoperative day without symptoms.
Two months after the initial operation, routine radiolog-
ical examination before ileostomy closure demonstrated
a minor anastomotic leakage. The patient was symptom
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Table 1. Demographic data of patients who underwent laparo-
scopic 1SR

Lap. ISR group

Number of patients 29
Sex ratio (male:female) 19:10
Mean age, years 57 (34-70)
Mean body mass index 22.0 (16.8-26.7)
Prior abdominal surgery 8(27.6)
Preceding local resection 10 (34.5)
ASA (LID 16:13
Pathological stage

UICC stagel 20

UICC stage I 3

UICC stage 111 6
Mean tumor size, mm! 25 (15-60)
Median Lymph nodes resected, 13 (3-40)

Median operative time, min
Median blood loss, ml

335 (256-500)
109 (27-477)

Conversion 0
Preservation of left colic artery (yes:no) 25:4
Combined surgery (yes:no) 1:28
Colonic pouch (yes:no) 4:25
Median time to liquid intake, days 1(1-2)
Median time to solid intake, days 2(2-3)
Median length of hospital stay, days 8 (7-10)
Mortality 0
Morbidity
Mucosal prolapse 2
Anastomotic leakage 1
Bowel obstruction 1
Wound sepsis 1
Perjanastomotic abscess 1
Dehydration 1
Urinary tract infection 1
Total number of patients 7

Values in parentheses are ranges or percentages. ! Preopera-
tively locally resected cases are not included.

free, and after conservative observation for 3 months, the
leakage disappeared, and the patient underwent ileosto-
my closure 5 months after the initial operation. At the
end of the study period, 2 patients developed recurrence
of cancer (6.9%). One patient with pathological stage ITIC
developed para-aortic and mediastinum Iymph node me-
tastasis 4 years after the initial operation, and another
patient with pathological stage I developed pulmonary
metastasis 2 years after the initial operation. All the pa-
tients are still alive. At 24 months or more after stoma
closure, daytime and nocturnal leakage was observed in
6 (1/17) and 18% (3/17), respectively.

The demographic characteristics of the case-control
study are shown in table 2. Cases and controls were well

406 Dig Surg 2011;28:404-409

matched; however, the body mass index of the open ISR
group was slightly higher (p = 0.0804).

Operative and postoperative results are shown in ta-
ble 3. In the laparoscopic ISR group, the operative time
was significantly longer (p = 0.0007), but blood loss was
significantly lower (p = 0.0003) than in the open ISR
group. The median postoperative hospital stay was 8 days
in the laparoscopic ISR group, which was significantly
shorter than in the open ISR group (14 days).

Postoperative complications are listed in table 4. There
was no perioperative mortality. The morbidity rate was
32% (7/22) in the laparoscopic ISR group, and 59% (13/22)
in the control group. No significant differences were ob-
served in complication rates between the 2 groups.

White blood cell count and CRP levels after surgery
are presented in figure 1. In laparoscopic ISR, the levels
of CRP on postoperative days 1-3 were significantly low-
er than in the open ISR group.

In the laparoscopic ISR group, all patients underwent
ileostomy closure.

Discussion

ISR was first introduced as an alternative option to
avoid permanent colostomy for selected patients, and is
now regarded as the standard surgical treatment for
sphincter preservation and excision for extremely low
rectal cancer. In the early stages, it was unclear whether
there was an increased risk of local recurrence with ISR;
however, recent studies have shown that short-term out-
comes and oncological results after ISR are satisfactory
in patients with low rectal cancer [4-9, 16, 17]. Unfortu-
nately, most of these reports have involved open ISR,
whereas there have been few reports on laparoscopic
ISR.

Laparoscopic ISR was first described by Watanabe
et al. [18] in 2000. Some case series on laparoscopic ISR
have subsequently been published, but the technique re-
quires a higher level of skill than laparoscopic low ante-
rior resection (LAR) and has yet to be recognized as a
common procedure [10-12]. In our institution, open ISR
was introduced in the 1990s and laparoscopic ISR was
started in 2002 following accumulation of experience
with the open approach and advances in laparoscopic
techniques [7-9, 14, 15]. In the early era in both open and
laparoscopic ISR, the indications for newly developed
techniques were patients at relatively early stages, because
the safety of the technique remained to be established.
After confirmation of technical safety, we gradually ex-

Yamamoto/Fujita/Akasu/Inada/Takawa/
Moriya



12,000 - 20~
10,000 15
3 £
;&_i 8,000 ~ g 10 -
6,000 1 5+
Fig. 1. Changes in white blood cell count
(WBC; a) and CRP levels (b). O = Laparo- 4000 oot
scopic ISR; ® = open ISR. The difference 0 : 3 o
between the 2 groups in CRP levels was a Time after operation (days) b Time after operation (days)
significant: * p < 0.05; ** p < 0.01. Each bar .
represents the mean + standard error.
Table 2. Patient characteristics in the case-control study
Laparoscopic ISR group Open ISR group “p value
Number of patients 22 22
Sex ratio (male:female) 16:6 16:6 1
Mean age, years 55 (34-68) 58 (35-69) 0.4334
Mean body mass index 21.8 (16.8-26.7) 22.5(19.3-28.9) 0.1804
Prior abdominal surgery 6(27.2) 7 (31.8) 1
Preceding local resection 7 (31.8) 4(18.2) 0.4876
ASA (L:17) 14:8 17:5 0.1464
Pathological stage (TNM stage)
Stage 1 17 18
Stage II 1 1
Stage I1I 4 3
IRIERI} 17:5 18:4 1
Mean tumor size, mm! 22 (15-38) 28 (11-55) 0.1549
Median lymph nodes resected 13 (3-27) 14 (529) 0.929

Values in parentheses are ranges or percentages. * Preoperatively locally resected cases not included.

Table 3. Intraoperative and postoperative results

Laparoscopic ISR group Open ISR group p value
Operative time, min 385 (305~500) 299 (202-475) 0.0007
Blood loss, ml 139 (45-477) 434 (76-1108) 0.0003
Conversion 0 - -
Preservation of left colic artery (yesmo) 4:18 4:18 1.0000
Combined surgery (yes:no) 2:20 1:21 1.0000
Colonic pouch (yes:no) 4:18 4:18 1.0000
Time to liquid intake, days 1(1-2) 3(2-11) <0.001
Time to solid intake, days . 2(2-3) 5(3-12) <0.001
Length of hospital stay, days 8 (7-10) 14 (10-40) <0.001

Values are pumbers or medians (range).

Laparoscopic Intersphincteric Resection Dig Surg 2011;28:404~409
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Table 4. Morbidity and mortality

Laparoscopic Open ISR pvalue

ISR group  group
Mortality 0 0
Morbidity
Anastomotic leakage 1 1
Wound sepsis 1 4
Bowel obstruction 1 2
Perjanastomotic abscess 1 1
Urinary tract infection 1 1
Dehydration 1 2
Mucosal prolapse 2 1
Cholecystitis 0 1
Total number of patients 7 (32%) 13(59%) 0.12922

panded the indication for new procedures. In the present
study, a review was performed of laparoscopic ISR for
lower rectal cancer, and our results demonstrated that it
is a safe procedure and provides benefits in the early post-
operative period without increasing morbidity or mortal-
ity. Moreover, this is the first report to conduct a com-
parative study between laparoscopic and open ISR, and
the findings of the current study demonstrated the feasi-
bility and safety of laparoscopic ISR compared to open
ISR for selected patients with lower rectal cancer.

ISR is a demanding technique that requires experi-
enced colorectal surgeons, regardless of whether it is per-
formed as open or LS, and the number of surgeons who
can perform laparoscopic ISR is particularly limited. In a
comparison of open and laparoscopic ISR in a relatively
small number of cases, Fujimoto et al. [12] found that the
complication rates of the two methods did not differ. The
results of the present study are similar to their results, and
moreover, we found that postoperative inflammatory re-
actions were significantly lower after laparoscopic ISR
than open ISR, based on decreased CRP levels after lapa-
roscopic ISR. These differences in inflammatory markers
suggest that laparoscopic ISR may be less invasive than
open ISR. In addition, the oncological outcomes after lap-
aroscopic ISR were acceptable with a low recurrence rate,
although we note that many of the patients who under-
went laparoscopic ISR had early-stage disease. These re-
sults suggest that the indications for laparoscopic ISR can
be expanded, provided that the operation is conducted by
an experienced surgical team.

It is noteworthy that anastomotic leakage was relative-
ly low after laparoscopic ISR in the present study. Anas-
tomotic leakage after rectal cancer surgery performed by

408 Dig Surg 2011;28:404-409

open or laparoscopic techniques with per anal hand-
sewn anastomosis or the double-stapling technique
(DST) can result in reoperation, morbidity, mortality,
permanent stoma, prolonged hospitalization, anal steno-
sis and anal dysfunction, and may be associated with a -
higher local recurrence rate. Tension-free anastomosis
with full mobilization and anastomosis at a site with good
blood flow are important factors to avoid leakage. In ad-
dition, the high anastomotic leakage rate in ISR in previ-
ous reports suggests that a covering ileostomy is needed
to stabilize the anastomotic region in a resting position
[4-6, 9-12]. In our institution, the anastomotic leakage
rate in open ISR has decreased with the accumulated ex-
perience of surgeons, and fortunately, the anastomotic
leakage rate was relatively low in laparoscopic ISR. Thus,
when performed by surgeons with sufficient LS skills,
laparoscopic ISR can be regarded as a safe procedure.

In the previous study, Laurent et al. [19] reported that
the risk of anastomotic leakage is increased in male pa-
tients with lower rectal cancer in laparoscopic LAR with
DST reconstruction; therefore, they recommended open
or coloanal hand-sewn anastomosis in male patients with
rectal cancer. In our institution, the anastomotic leakage
rate was 7.7% (3/39) in patients with low rectal cancer who
underwent laparoscopic LAR with DST reconstruction.
This rate was higher than that in patients who underwent
laparoscopic ISR. Therefore, LS with DST reconstruction
may not be the best choice in male patients or in patients
in whom laparoscopic LAR with DST reconstruction is
difficult, and coloanal anastomosis should be considered
in these cases. A

There are several limitations in the design of the
study. First, the study was not randomized but was per-
formed retrospectively, which may have caused bias.
Thus, a prospective, multicenter, randomized clinical
trial (RCT) is required to demonstrate that laparoscopic
total mesorectal excision with ISR is a feasible procedure
for very low rectal cancer; however, due to the lack of
sufficient patients to perform an RCT, we chose to ana-
lyze the safety of laparoscopic ISR in a single-center
study. Second, a longer follow-up is required to assess the
incidences of local recurrence, cancer-free survival, and
functional outcome. Third, patients who underwent
preoperative adjuvant chemoradiotherapy or lateral
lymph node dissection were not included because most
of the patients who underwent laparoscopic ISR in the
present study were in clinical stage I. Another concern
for preoperative adjuvant chemoradiotherapy is that
preoperative chemoradiotherapy was identified as the
risk factor with the greatest negative impact on anal
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function after ISR [20]. The outcomes of patients with-
out preoperative adjuvant chemoradiotherapy in our
hospital have been reported previously, and we conduct-
ed preoperative adjuvant chemoradiotherapy only in pa-
tients with clinical T4 cancer and/or involvement of lat-
eral pelvic lymph nodes [21]. Open surgery is still our
gold standard approach for patients with locally ad-
vanced rectal cancer, and the safety of the laparoscopic
approach requires further examination in patients with
advanced rectal cancer.

Laparoscopic ISR for lower rectal cancer provides ben-
efits in the early postoperative period without increasing
morbidity or mortality, and shows long-term benefits
that are comparable to those after open ISR in selected
patients with lower rectal cancer. In the absence of a
large-scale RCT comparing open and laparoscopic ISR,
and given the small number of institutions capable of
conducting high-quality laparoscopic ISR, the safety of
this procedure requires confirmation through prospec-
tive accumulation of more cases.
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cecal schwannoma with laparoscopic wedge resection:
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Abstract

Schwannomas of the large intestine are relatively rare. Here, we present a case
of schwannoma of the cecum in a 59-year-old woman that was successfully
resected by laparoscopic wedge resection. In a medical checkup, a colonoscopy
revealed a 2 cm submucosal lesion, without mucosal changes, located in the
cecum wall contralateral to Bauhin’s valve. Abdominal contrast CTand contrast
MRI indicated a smooth-surfaced, semi-round tumor of about 2 cm that gave
an enhanced homogeneous signal in the cecum. Laparoscopic wedge resection
was performed after the diagnosis of benign submucosal tumor. The lesion was
2.5 x 2.0 cm, was histologically composed of spindle neoplastic cells arranged in
cords, was positive for $-100 and vimentin, and was diagnosed as schwannoma.
The details of this case are reported herein and focus on the successful
application of laparoscopic wedge resection for treatment of the colonic
submucosal lesion.
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Introduction

Laparoscopic surgery (LS) is a minimally invasive proce-
dure that can improve quality of life. Randomized con-
trolled trials have demonstrated that LS for colon cancer
can improve quality of life through early recovery and
that its long-term survival rates are not inferior to that of
open surgery (1-3).

We sometimes encounter intestinal submucosal tumors
(SMT) that require diagnostic resection. However, the
surgical treatment for SMT requires careful planning based

"on multimodality images that identify the location of the
tumor. Here, we report a rare case of cecal schwannoma
treated successfully with laparoscopic wedge excision.

Case Presentation

A 59-year-old woman was referred to the Division of
Colorectal Surgery at the National Cancer Center Hospi-
tal, Tokyo, Japan, for the treatment of cecal SMT, which
was diagnosed by colonoscopy at a local hospital during a
medical checkup. She only had a history of appendect-
omy. Laboratory workup showed no abnormality. The
abdominal tumor was not palpable in physical findings.

*All authors took part in the work and agree with the contents of this
manuscript.

A colonoscopy performed at our hospital showed a SMT
of about 2 cm without mucosal changes in the cecum wall
contralateral to Bauhin's valve (Figure 1). A biopsy
demonstrated no abnormality. Abdominal contrast CT
indicated a clearly demarcated, semi-round tumor of
about 2 cm that gave an enhanced and relatively homo-
geneous signal (Figure 2). There were no signs of malig-
nancy such as enlarged lymph nodes and distant
metastases. On abdominal MRI, the tumor gave homo-
geneous low-intensity signals on T,- and T,-weighted
images. On opposed-phase T images, there was no signal
intensity loss compared to the in-phase images, which
suggested that there was little fat inside. Therefore, we
diagnosed cecal SMT (e.g. gastrointestinal stromal tumor
[GIST] or neurogenic tumor). The tumor was considered
to be benign based on image findings, and surgical resec-
tion or close follow-up was offered to the patient. The
patient requested surgical resection, and we performed a
laparoscopic cecal wedge resection.

We used three trocars in surgery. Pneumoperitoneum
was established by the open laparotomy technique
through supraumbilical incision. Under laparoscopic gui-
dance, one 5 mm port was inserted on the right epigastric
midclavicular line and one 12 mm port in the mid-lower
abdominal region. The operating table, tilted to the left,
was placed in the head down position. Then 2 cm tumor
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Figure1 A cvo|oynosc0py shows a 2 cm-sized submucosal tumar, without

mucosal changes, in the cecum wall contralateral to Bauhin's valve.

Figure2 Abdominal contrast CT depicts a well-demarcated, semi-round
tumor (white arrows) with relatively homogeneous enhancement.

in the ventrolateral part of the cecum was confirmed by
laparoscopy. After mobilization of the ileocecum, the
tumor was fully elevated with a clamp and then extir-
pated based on secured sufficient margin using an endo-
linear stapler (Figure 3). The tumor was removed from
the umbilicus port using Endo Catch (Covidien, Mans-
field, USA). Two stapler cartridges were needed to com-
plete the resection. The total operation time was 115
minutes, and blood loss was 4 mL. An elastic hard SMT of
about 2.5 x 2.0 cm was detected macroscopically, but no
macroscopic invasion was found on the mucosal surface
and serosa. A margin of 5mm was secured. The tumor
was solid and the cut surface was uniform yellowish-
white, Histopathological examination demonstrated that
most of the tumor was located in the muscularis propria
and was composed of spindle neoplastic cells arranged in
cords (Figure 4). Immunostaining of thej tumor was

Cecal schwannoma

Figure3 The tumor was fully elevated with a clamp and then gxtirpated
while a sufficient margin was secured wnth endollnear stapler Two stapler
cartridges were needed to complete the resectton

Figure 4 Most parts of the whole tumor ’were loéated in the Pnuscdlaris
propria, The tumor was histopathologically composed of spindle
neoplastic cells arranged in cords (HE stain x 100),

positive for S-100 and vimentin, and negative for c-kit,
CD34, aSMA, h-caldesmon, and desmin. The MIB-1
index was 3% or less. Finally, the: diagnosis was benign
schwannoma. Postoperative recovery was good, and the
patient was discharged 4 days postoperative. At present,
2 years after surgery, she is free of symptoms and
continues an uneventful course.

Discussion

Here, we have described a case with the preoperative
diagnosis of benign cecal SMT, which resulted in a
successful wedge resection by laparoscope. The ratio of
benign to malignant tumors in large intestinal SMT is
almost 6 to 4, and pathologically, large intestinal SMT
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may be lipoma, lymphangioma, leiomyoma, malignant
lymphoma, carcinoid tumor, or GIST (4). Hence, treat-
ment strategy (e.g. endoscopic or open resection) should
be decided after a multimodality image is obtained.

In our case, the lesion was an SMT without ulceration.
The pathological diagnosis could not be confirmed by
preoperative biopsy, but the tumor was considered benign
based on image findings and minimally invasive surgery
was indicated. This surgical technique potentially poses a
threat of postoperative intestinal stenosis. Fortunately,
because the tumor was located contralateral to Bauhin’s

valve, safe wedge resection could be performed laparos-

copically using vertical stapling to the intestine axis,

- which decreased the potential for intestinal stenosis.’

Had extended surgery been required based on the intra-
operative findings, a technical change to laparoscopic
right hemicolectomy would have been straightforward.
Combined laparoscopic-endoscopic resection was another
option for resecting the colonic SMT that did not
require lymph node removal (5). Thus, LS should be
considered for suspected benign SMT in the cecum or
large intestine. For SMT in the lower rectum, transanal
resection, transsacral resection, transanal endoscopic
microsurgery, or minimally invasive transanal surgery
should be considered.

Schwannomas are benign tumors originating from the
peripheral perineurium that have a predilection for the
surface of flexor muscles of the extremities, neck, med-
iastinumn, retroperitoneum, back of the spinal root, and
cerebellopontine angle (6). Based on immunostaining
findings, many cases with various causes and symptoms
have been reported under the general name of schwan-
noma, but cases of gastrointestinal schwannomas are
relatively rare (4). Furthermore, almost all these cases
involved lesions in the stomach and small intestine, and
the percentage of schwannomas in the large intestine is
about 4.8% among all gastrointestinal schwannomas (7).
In many cases, schwannomas were SMT or polyps with
ulceration on the top and were sometimes accompanied
by bleeding (8,9). Schwannomas in the cecum have been
reported in Western patients (10), while many Japanese
reports have shown lesions in the rectum (9). Differential
diagnosis from GIST is essential and the judgment of
Inyogenicity or neurogenicity cannot be made based on
HE staining only. Immunostaining is needed for accurate
diagnosis, especially as schwannomas are typically posi-
tive for 5-100 and vimentin, and negative for desmin,
keratin, c-kit, CD34 and oSMA (4,6). The index for

T Matsumoto et al.

malignancy is based on the dimension of the nucleus and
mitosis, but the size of the nucleus in schwannomas often
varies and there is no established index. Cases of malig-
nant changes are rare (8).

In summary, we have reported a case of cecal schwan-
noma removed by laparoscopic wedge resection. Laparo-
scopic wedge resection may be a useful procedure for the
treatment of small, colonic submucosal lesions.
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Abstract. Glypican-3 (GPC3), a carcinoembryonic antigen,
is an ideal target for anticancer immunotherapy against hepa-
tocellular carcinoma (HCC). In this study, we attempted to
compare the induction of the GPC3-specific T-cell-mediated
immune response after locoregional therapies in HCC patients
and tumor-bearing mice. Twenty-seven HCC patients treated
with locoregional therapies, including radiofrequency ablation
(RFA), surgical resection and transcatheter arterial chemo-
embolization (TACE), were prospectively enrolled in this study.
Additionally, we performed RFA experiments using a mouse
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or antagonist II; hTERT, human telomerase reverse transcriptase;
MRP3, multidrug resistance-associated protein 3

Key words: hepatocellular carcinoma, radiofrequency ablation,
glypican-3, cytotoxic T lymphocyte, immunotherapy

model. GPC3-specific T-cell response was investigated pre-
treatment and post-treatment by an interferon-y enzyme-linked
immunospot assay using peripheral blood mononuclear cells
from HCC patients and lymph node cells from tumor-bearing
mice. Circulating GPC3-specific cytotoxic T lymphocytes
(CTLs) were increased in 5 of 9 patients after RFA and in
4 of 9 patients after TACE, but in only 1 of 9 patients after .
surgical resection. All 7 patients with GPC3-expressing HCCs
exhibited an increase in GPC3-specific CTLs after RFA
or TACE, whereas none of the 7 patients did after surgical
resection. The number of increased GPC3-specific CTLs after
RFA was significantly larger than that after surgical resection
(P=0.023). Similarly, the frequency of GPC3-specific CTLs
after RFA was significantly greater than that after surgical
resection in the mouse model (P=0.049). We validated for the
first time the stronger effect on the immune system brought
by RFA compared with surgical resection for HCC patients
and tumor-bearing mice. Combined treatment of RFA and
immunotherapy is a reasonable strategy against HCC.

Introduction

Hepatocellular carcinoma (HCC) is one of the most common
and most serious cancers worldwide (1). Locoregional therapies,
including radlofrequency ablation (RFA), surgical resection,
and transcatheter arterial chemoembolization (TACE), are
recognized as the gold-standard therapies for HCC patients
whose cancer lesions are limited to the liver (2). However, the
recurrence rate remains quite High despite potentially curative -
treatment (3,4). The reasons for this are as follows: first, a multi-
centric new tumor frequently occurs from underlying active
hepatitis or cirrhosis and, second, a small tumor undetectable by
imaging modalities frequently exists before treatment and would
be left untreated (5). Therefore, the establishment of effective
adjuvant therapy to prevent recurrence is urgently required, and
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clinical trials are ongoing throughout the world (6). However,
- at the present time, there is no universal consensus (2,7,8).
Previous studies have reported that local tumor ablation
_treatments, such as RFA and cryoablation, not only destroy
tumor tissue but also induce a marked inflammatory response
both locally and systemically (9,10). Unlike surgical resection,
tumor ablation treatment generates tumor cell necrosis (11),
followed by the release of tumor-associated antigens (12).
These antigens can be uptaken, processed, and presented by
dendritic cells (10,13), and then an antigen-specific T-cell-
mediated immune response can be induced (9). If this induction
is sufficiently steady and reliable, it may provide the basis for
adjuvant immunotherapy, which is an attractive strategy.

Glypican-3 (GPC3) belongs to the glypican family of
heparan sulfate proteoglycans that are linked to the outer
surface of the cell membrane through a glycosylphosphati-
dylinositol anchor (14). GPC3 is one of the carcinoembryonic
antigens overexpressed in HCC (15-17). We have shown that
GPC3 is an ideal target for anticancer immunotherapy because
its expression is specifically detected in ~80% of HCCs even in
the early stages and is correlated with a poor prognosis (18-21).
Moreover, GPC3-specific cytotoxic T lymphocytes (CTLs)
have a high level of killing activity against HCC tumor cells
(22). We have finished the phase I clinical trial of a GPC3-
derived peptide vaccine for patients with advanced HCC
(unpublished data), and just started the phase II clinical trial
for adjuvant therapy after curative resection or RFA.

In this study, our aim was to determine if the GPC3-
specific T-cell-mediated immune response is strengthened
after locoregional therapies in HCC patients and tumor-
bearing mice. Moreover, we evaluated the hypothesis that the
post-treatment immune response may provide the basis for
adjuvant immunotherapy.

Materials and methods

Patient population and treatment of HCC. Twenty-seven
patients with primary HCC were prospectively enrolled in
this study from January to November 2007 at the National
Cancer Center Hospital East, in Japan. The eligibility criteria
included primary HCC, which would undergo locoregional
therapies with curative intent. Three treatment groups of
nine patients each would undergo RFA, surgical resection, or
TACE, respectively. Treatment selection in each patient was
in accordance with the Japanese HCC treatment guidelines
(2). Other inclusion criteria included HLA-A24 or HLA-A2
gene-positive status, as determined by commercially-available
genomic DNA typing tests (Mitsubishi Chemical Medience,
Tokyo, Japan), and no other active malignancy. HCC was
diagnosed using dynamic computed tomography (CT). Tumor
stage was assigned according to the tumor-node-metastasis
(TNM) classification of the Union for International Cancer
Control (UICC) (23). All RFA procedures were performed
percutaneously under ultrasound guidance. Curative treat-
ment was defined as complete necrosis of the tumor lesion
confirmed by dynamic CT after RFA, a negative surgical
margin confirmed histopathologically after resection, and
complete lipiodol deposition after TACE.

All patients gave written informed consent before entering
the study and this study was approved by the Ethics Committee

of the National Cancer Center, conforming to the ethical
guidelines of the 1975 Declaration of Helsinki.

Collection of blood samples and preparation of peripheral
blood mononuclear cells. Venous blood (20-30 ml) from each
patient was collected both before treatment and one month
after treatment. Peripheral blood mononuclear cells (PBMCs)
were separated from whole blood using LeucoSep® tubes
(Greiner Bio-One, Frickenhausen, Germany) by means of
density gradient centrifugation.

Identification of GPC3-specific CTLs in HCC patients. In
order to identify GPC3-specific CTLs, the proportion of cells
producing interferon (JFN)-y upon stimulation with GPC3
peptide was assessed by an ex vivo IFN-y enzyme-linked
immunospot (ELISPOT) assay using pooled PBMCs from HCC
patients. Defrosted PBMCs (1x10° cells/well) were cultured in
duplicate using 96-well flat-bottomed plates (BD Biosciences,
San Jose, CA) with HLA-A24-restricted GPC3,05 546 peptide
(EYILSLEEL) or HLA-A2-restricted GPC3,4,.,5, peptide
(FVGEFFTDV) (10 ymol/l) with 100 U/ml recombinant human
interleukin-2 (IL-2) for 20 h. The negative control consisted of
medium alone or HLA-A24- or HLA-A2-restricted heat shock
protein 105 (HSP105) peptide, and the positive control included
the HLA-A24- or HLA-A2-restricted cytomegalovirus (CMV)
peptide. The number of spots, which indicated the presence
of IFN-y secreting cells, was automatically counted using
the Eliphoto system (Minerva Tech, Tokyo, Japan). For an
exact comparison of the frequency of GPC3-specific CTLs
existing at pre- and post-treatment, the obtained mean values
of the number of spots with non-peptide-pulsed samples (1x10°
PBMCs) at pre- and post-treatment were equalized and set to
zero, and then the actual number of GPC3-, CMV-, or HSP105-
specific spots was calculated. The Aspot was defined as the
difference in the number of spots with each antigen between
pre- and post-treatment.

Mice. Female BALB/c mice (H-2%), 6-8 weeks of age, were
obtained from Charles River Laboratories Japan (Yokohama,
Japan). The mice were maintained under specific-pathogen-
free conditions. All animal procedures were performed in
compliance with the guidelines by the Animal Research
Committee of the National Cancer Center, Japan.

Tumor cell lines. A subline of the BALB/c-derived GPC3-
negative colorectal adenocarcinoma cell line, Colon 26 (24),
was provided by Dr Kyoichi Shimomura (Astellas Pharma,
Tokyo, Japan). Colon 26/GPCS3 is an established stable GPC3-
expressing cell line (18). The cells were cultured in RPMI-1640
medium supplemented with 10% fetal bovine serum, 100 U/ml
penicillin, and 100 pg/ml streptomycin in humidified 5% CO,
at 37°C.

RFA experiment using a mouse model. The mice were shaved
at the tumor area and the contralateral flank. After attachment
of the electricity-conducting pad (ground pad) onto the contra-
lateral side, an RFA needle with 5-mm active tip (Cool-tip™,
Valleylab, Boulder, CO) was inserted into the middle of the
tumor. Impedance could be evaluated on the RFA lesion
generator system (RFG-3B model, Radionics, Burlington, MA).
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Treatment was started by delivering RFA energy. During two
treatment cycles of 10 sec, the temperature could be monitored
using the thermistor and thermocouple in the tip of the probe.
Treatment was considered successful if a tip temperature of
60-70°C was reached.

Identification of GPC3-specific CTLs in mice. BALB/c mice
were immunized beforehand by peptide vaccination with
Ké-restricted GPC3,05 506 peptide (50 pg/mouse) emulsified
with incomplete Freund’s adjuvant twice at a 7-day interval as
described previously (20). The day after the second vaccina-
tion, the mice were challenged subcutaneously with Colon 26/
GPC3 tumor cells (1x10° cells/100 ul) on their shaved back and,
5 days later, the mice underwent therapeutic RFA or surgical
resection for the established tumor. After the next 5 days, the
mice were sacrificed and bilateral inguinal lymph nodes were
obtained. CD8* T cells were isolated from lymph node cells
using anti-mouse CD8a (Ly-2) microbeads (Miltenyi Biotec,
Bergisch Gladbach, Germany) and an IFN-y ELISPOT assay
was performed without prior in vitro stimulation. For the
IFN-y ELISPOT assay, CD8* lymph node cells (3x10° cells/
well) were used as effector cells, and Colon 26 and Colon 26/
GPC3 cells (3x10* cells/well) as target cells. These cells were
cultured in duplicate using 96-well flat-bottomed plates (BD
Biosciences) with 100 U/ml recombinant murine IL-2 for
20 h. The number of spots after RFA or surgical resection was
compared with that without treatment.

Immunohistochemical analysis. To investigate GPC3 expression
in HCC tissues, we performed immunohistochemical staining
of GPC3 in biopsy specimens or resected specimens from HCC
patients. The paraffin-embedded blocks were analyzed using
monoclonal anti-GPC3 antibody (dilution 1:300, BioMosaics,
Burlington, VT) as described previously (17,21). The results
were classified into two groups according to the area of GPC3-
positive staining cells as follows: -, negative (<10%) and +,
positive (z10%).

Toinvestigate tumor-infiltrating lymphocytes, we performed
immunohistochemical staining of CD4 and CDS8 in resected
specimens from an HCC patient using monoclonal anti-CD4
or CD8 antibody (dilution 1:20, Novocastra, Newcastle upon
Tyne, UK).

Statistical analysis. Statistical analyses were performed using
¥* test, Mann-Whitney U test, or Kruskal-Wallis rank test.
Differences were considered significant at P<0.05. Data were
analyzed with the StatView 5.0 software package (Abacus
Concepts, Calabasas, CA).

Results

Deinographics and clinical characteristics. The characteristics
of all 27 patients are represented in Table I. The three groups of
9 patients received RFA (RFAI1-9), surgical resection (RESI-9),
or TACE (TAEI-9), respectively. Among them, 21 patients had
the HLA-A24 gene and 7 had the HLA-A2 gene. One patient
had both HLA-A24 and -A2, and the HLA-A2-restricted
GPC3)44.15 peptide was used for the IFN-y ELISPOT assay in
this patient. Among the three treatment groups, tumor size in
the RFA group (mean: 16.4 mm) was significantly smaller than

that in the resection group (mean: 43.2 mm) (P=0.001) and
the TACE group (mean: 44.1 mm) (P=0.001). Similarly, tumor
stage in the RFA group was less advanced than that in the
resection group (P=0.018) and TACE group (P=0.005). There
was no statistically significant difference in Child-Pugh classi-
fication grade among the three groups (P=0.128). In this study,
all treatments were considered to be curative according to the
definitions described in Materials and methods. Moreover, all
groups reduced the levels of a-fetoprotein (AFP) and protein
induced by vitamin K absence or antagonist II (PIVKA-II)
in most of HCC patients after treatment (data not shown).
The diagnosis of HCC was histopathologically confirmed by
biopsy specimens or resected specimens from 21 patients.
GPC3 expression was detected by immunohistochemical
staining in 14 of 21 patients.

Analysis of GPC3-specific CTLs in HCC patients. As shown
in Table I, GPC3-specific CTLs were detected in 11 and 15 of
27 patients at pre- and post-treatment, respectively. In total,
19 patients had GPC3-specific CTLs at either pre- or post-
treatment. There was no statistically significant correlation
between the presence of GPC3-specific CTLs and clinical
features, including HLA-A type (P=0.126), age (P=0.750),
gender (P=0.764), HCV infection (P=0.674), HBV infection
(P=0.764), Child-Pugh classification grade (P=0.404), tumor
multiplicity (P=0.674), tumor size (P=0.650), HCC staging
(P=0.155), serum AFP level (P=0.288), and serum PIVKA-II
level (P=0.094). Among the 21 patients who had the infor-
mation about GPC3 expression in their HCC tissue, patients
with GPC3-expressing HCCs had GPC3-specific CTLs more
frequently than those with GPC3-negative HCCs, but the
difference was not statistically significant (P=0.053).

Changes in GPC3-specific CTLs between before and after
treatment. In order to analyze the effect of anticancer treatment
on GPC3-specific T-cell response, we compared the frequency
of GPC3-specific CTLs in PBMCs before treatment with that
after treatment. As shown in Table I and Fig. 1, an increase in
GPC3-specific CTLs was found in 5 of 9 patients after RFA
and in 4 of 9 after TACE, but in only 1 of 9 patients after
resection. Of note, all of the 7 patients with GPC3-expressing
HCCs exhibited an increase in GPC3-specific CTLs after
RFA or TACE, whereas none of the 7 patients with GPC3-
expressing HCCs did after surgical resection. The Aspot of
GPC3 in the RFA group (mean: 24.4 spots) was larger than
that in the resection group (mean: -7.2 spots) (P=0.023). The
Aspot of GPC3 in the TACE group (mean, 36.9 spots) was also
larger than that in the resection group, but the difference was
not statistically significant (P=0.096). In contrast, the Aspot of
CMYV showed no difference among the three groups (P=0.498).
Neither the existence of GPC3-specific CTLs before or after
treatment, nor the changes between before and after treatment
had statistically significant correlation with patient survival
according to the log-rank test in each treatment group (neither
disease-free nor overall), with the 27-month mean follow-up
period (data not shown).

The representative data on changes in CT images and
serum levels of tumor markers between before and after treat-
ment is shown in Fig. 2. All three patients (RFA3, RESG6, and
TAES) had GPC3-expressing HCCs. Both the CT images and



Table 1. Patient characteristics and glypican-3-specific cytotoxic T lymphocytes.

GPC3-specific CTLs?

Age No.of  Tumor AFP PIVKA-II GPC3

“Patient  HLA (yrs) Gender Etiology  Child-Pugh tumor size(mm) T' N' M' (<9.5ng/ml) (<40 mAU/ml) expression> Pre Post Change Aspot?
RFA1 A24 73 F HBV A 2 26 2 0 0 4.0 228 - 4 0 - -4
RFA2 A24 68 M HCV B 1 20 1 0 0 5.0 300 + 10 24 + +14
RFA3 A2 50 M HCV A 1 15 1 0 0 63.3 25 + 0 88 + +88
RFA4 A24 79 F HCV A 1 10 1 0 0 4842 30 + 0 10 + +10
RFAS A24 69 M HCV A 1 15 1 0 0 2.3 57 - 0 0 +/- 0
RFA6 A24 60 M HCV A 1 17 1 0 0 15.1 23 - 0 0 +/- 0
RFA7 A2 73 M HCV A 1 20 1 0 0 97.3 51 + 3 38 + +85
RFA8 A2/A24 64 M HBV/HCV B 1 15 1 0 0 39.9 17 + 0 31 + +31
RFA9 A2 60 M HCV B 1 10 1 0 0 92.0 19 - 19 15 - -4
RES1 A24 48 M HBV A 1 20 1 0 0 19.7 - 38 + 32 15 - -17
RES2 A24 - 66 F HCV A 1 26 2 0 0 63.4 - 77 + 20 3 - -17
RES3 A24 64 M HCV A 2 30 2 0 0 10.1 276 + 12 0 - -12
RES4 A2 72 M - A 1 60 2 0 0 9.2 1500 + 3 1 - -2
RESS A24 70 M HCV A 1 20 1 0 0 42 25 + 0 0 +- 0
RES6 A24 42 M HBV/HCV A 2 98 30 0 15115.0 22477 + 50 30 - -20
RES7 A2 75 M - A 1 75 2 0 0 228 10341 - 0 3 + +3
RESS A24 52 M HCV A 1 30 1 0 0 16.0 234 + 0 0 +/- 0
RES9 A24 60 M HBV A 1 30 1 0 0 156 23 - 0 0 +/- 0
TAEL1 A2 64 M - A 3 30 2 0 0 10.7 98 + 0 330 + +330
TAE2 A24 78 F HCV B 1 60 1 0 0 2483.0 3932 ND 34 0 - -34
TAE3 A24 77 F - A >5 35 3 0 0 180.2 11538 ND 0 3 + +3
TAEA A24 77 M HCV A 2 80 4 0 0 20014.0 241 ND 0 0 +/- 0
TAES A24 55 M HBV A 2 30 2 0 0 3.7 - 24 + 0 23 + +23
TAE6 A24 77 M - A >5 42 2 0 0 1407.0 1661 ND 0 20 + +20
TAE7 A24 63 F HCV A >5 32 2 0 0 - 6403 270 ND 0 0 +/- 0
TAES A24 74 . M - A 1 18 1 0 0 3.8 12 - 0 0 +/- 0
TAE9S A24 62 M HCV A 70 3 0 0 46.8 1907 ND 10 0 - -10

"Tumor stage was assigned according to the tumor-node-metastasis (TNM) classification of the Union for International Cancer Control (UICC). *GPC3 expression was evaluated by immunohistochemical
staining; +, positive; -, negative. *Peripheral blood was taken from each patient before and after treatment, and GPC3-specific CTLs were measured by ex vivo interferon-y enzyme-linked immunospot
assay; +, increase; -, decrease; +/-, no change. “The Aspot was defined as the difference in the number of spots with each antigen between pre- and post-treatment. F, female; M, male; HBYV, hepatitis B
virus; HCV, hepatitis C virus; AFP, a-fetoprotein; PIVKA-II, protein induced by vitamin K absence or antagonist II; GPC3, glypican-3; ND, not determined.
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Figure 1. Kinetics of glypican-3 (GPC3)-specific CTLs between before and after treatment in each patient. A direct ex vivo interferon-y enzyme-linked immuno-
spot assay of PBMCs was performed before treatment and one month after treatment. The data are expressed as the number of interferon-y producing cells,
which indicate the CTLs specific with HLA-A24-restricted GPC3,g30; peptide (EYILSLEEL) () or HLA-A2-restricted GPC3,,, 15, peptide (FVGEFFTDV)
(). Heat shock protein 105 (HSP105) peptide (o) and cytomegalovirus (CMV) peptide (o) were used as the negative and positive control, respectively.

kinetics of tumor markers indicated that their treatment was
effective. The frequency of GPC3-specific CTLs increased
after RFA (RFA3) and TACE (TAES), whereas it decreased
after surgical resection (RESG6).

RFA has the potential to strongly induce T-cell-mediated
immune response: A case report. A 70-year-old woman was
admitted because of recurrent HCCs. Thirteen months earlier,
the patient had undergone RFA for primary HCC located in
the S5/8 region of the liver. CT detected two recurrent HCCs:

one was contiguous to the previously ablated S5/8 region
and the other was a distant tumor located in the S6 region.
We performed surgical resection for these recurrent HCCs.
Immunohistochemical examination of CDS8 in the resected
tumors revealed that a marked number of CD8* T cells had
infiltrated not only into the surrounding recurrent tumor but
also into the distant recurrent tumor after RFA (Fig. 3). On the
other hand, few CD4* T cells were observed in these tumors
(data not shown). Immunohistochemical analyses showed the
expression of GPC3 and HLA class I in these tumors (data not
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Figure 2. Changes in computed tomography images, serum levels of tumor
markers, including a-fetoprotein (AFP) and protein induced by vitamin K
absence or antagonist II (PIVKA-II), and glypican-3 (GPC3)-specific CTLs
in PBMCs between before and after treatment in patients RFA3, RES6,
and TAES. White arrows indicate nodules of hepatocellular carcinoma at
pre- and post-treatment. The bold letters show the abnormal levels of tumor
markers or the positive response of GPC3 specific CTLs.

shown). These findings suggest that RFA not only activates the
immune response systemically but also induces local infiltration
of CTLs into the tumors.

Analysis of immune response induced by RFA in a mouse
model. The experimental schedule is shown in Fig. 4A. The
IFN-y ELISPOT assay with CD8* T cells from the lymph nodes
of mice demonstrated that the number of spots against both
Colon 26 (P=0.049) and Colon 26/GPC3 (P=0.049) was larger
after RFA compared to without treatment. On the other hand,
‘the number of spots did not increase after surgical resection.
These results suggest that RFA induced a significantly larger
number of both Colon 26- and Colon 26/GPC3-reactive CTLs
compared to no treatment or surgical resection (Fig. 4B).

The difference in number of spots between Colon 26 and
Colon 26/GPC3 in each mouse, which represents GPC3-
specific CTLs, is shown in Fig. 4C. As an effect of prior peptide
vaccination, GPC3-specific CTLs were detected in the no treat-
ment group. The frequency of GPC3-specific CTLs increased
after RFA and decreased after surgical resection. As a result,
the frequency of GPC3-specific CTLs after RFA was signifi-
cantly greater than that after surgical resection (P=0.049).

NOBUOKA et al: RFA FOR HCCINDUCES GPC3-SPECIFIC CTLs

Figure 3. Macroscopic features and immunohistochemical examination of
CD8* T cells in the resected tumors that had recurred after radiofrequency
ablation. (A and D) show the cut surface of the resected specimens. (A) The
white arrow indicates the post-ablated lesion to which a recurrent tumor was
contiguous. The other recurrent tumor was distant from the post-ablated
lesion (D). A marked number of CD8* T cells had infiltrated into the con-
tiguous recurrent tumor (B) and the distant recurrent tumor (E), whereas
few CD8* T cells had infiltrated into the post-ablated necrotic lesion (C).
Magnification x100 (B and C) and x40 (E).

These results suggest that RFA induced a significantly larger
number of GPC3-specific CTLs compared to surgical resection
(Fig. 4C).

Discussion

We previously reported that 39% of HCC patients had detect-
able GPC3-specific CTLs by a direct ex vivo IFN-y ELISPOT
assay (25). In this study, GPC3-specific CTLs were detectable
before treatment in 11 of 27 patients (41%). Additionally, when
we analyzed the patients with a prior treatment for HCCs
using the same methods, 11 of 21 (52%) patients had detect-
.able GPC3-specific CTLs (data not shown). These results are
favorable for anticancer immunotherapy because the antigen-
specific T-cell-mediated immune response could be detected
without in vitro stimulation. As for frequency, GPC3-specific
CTLs were detectable in ~40% of HCC patients, whereas
AFP-, human telomerase reverse transcriptase (WTERT)-, and
multidrug resistance-associated protein 3 (MRP3)-specific
CTLs have been detected in 5-20, 6-12, and 14-21% of HCC
patients with a single epitope peptide, respectively (26-28).
As for tumor stages, a GPC3-specific immune response is
frequently detected even in the early stages (24), whereas
AFP-specific CTLs are more frequently detected in patients
with advanced HCC (26). These results suggest that GPC3 has
strong immunogenicity and GPC3-specific T-cell-mediated
immunotherapy is suitable for adjuvant therapy against HCC
because the induction of tumor-specific immune response in
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Figure 4. Investigation of the glypican-3 (GPC3)-specific immune response
in a mouse model. (A) Experiment schedule. (B) An ex vivo interferon
(IFN)-y enzyme-linked immunospot (ELISPOT) assay of CD8* lymph
node cells (effector, 3x10° cells/well) against Colon 26 and Colon 26/GPC3
(target, 3x10* cells/well). No treatment column indicates the group of mice
that received only the peptide vaccination and no therapy for the established
tumor. The data are expressed as the mean + SD. Three mice were used for
each group. Effector/target ratio=10. (C) The frequency of GPC3-specific
CTLs, which is calculated from the difference in the number of spots between
Colon 26 and Colon 26/GPC3 in each mouse.

the early stages would be more effective for suppression of
tumor growth.

The association between the induction of an antigen-
specific immune response and the antigen expression in tumor
tissue remains unclear. In this study, we obtained the result that
the presence of GPC3-specific CTLs in PBMCs potentially had
a positive correlation with GPC3 expression in tumor tissue,
but the correlation was not statistically significant. On the other
hand, Mizukoshi et al showed a negative correlation between
the frequency of MRP3-specific CTLs and MRP3 expression
level (28). Moreover, Benavides et al showed that even antigen-
naive patients had pre-existing immunity (29). First, this may
be because of tumor heterogeneity of cancer tissue. In most
cases, the whole tumor cannot be evaluated and, in the case
of truly antigen-naive patients, antigen-specific CTLs cannot
exist in theory. Second, antigen expression may be negative if
antigen-specific CTLs have killed all of the antigen-expressing
tumor cells as described by Jager et al (30). As for the changes
in an antigen-specific immune response between before and
after treatment, in this study, we showed impressive data that all

patients with GPC3-expressing HCCs exhibited an increase in
GPC3-specific CTLs after RFA or TACE, whereas no patient
with GPC3-expressing HCCs did after surgical resection.

This is the first study to compare locoregional therapies,
including RFA, surgical resection, and TACE, in terms of
antigen-specific T-cell response in HCC patients and tumor-
bearing mice. Half the patients after RFA or TACE showed
an increase in GPC3-specific CTLs, which might have been
induced by the treatment, whereas only 1 of 9 patients after
resection showed an increase and more than half the patients
after resection showed a decrease. Similarly, the frequency of
GPC3-specific CTLs increased after RFA and decreased after
resection in a mouse model. These results suggest that RFA
induced a stronger GPC3-specific immune response compared
to surgical resection. RFA destroys tumor tissue and causes
local necrosis followed by the release of tumor-associated
antigens (12), whereas all of the tumor-associated antigens
must be completely removed after resection. With regard
to TACE, whereas the results of an IFN-y ELISPOT assay
after TACE were as encouraging as that after RFA, we have
no other favorable data on the immune response after TACE.
Although further investigation is required, TACE, which is also
a necrosis-inducing treatment, might induce an antigen-specific
immune response.

A limitation of this study is the patient selection in the three
kinds of locoregional therapy. Current treatment guidelines for
HCC including the Japanese ones, which we followed in this
study, recommend RFA to earlier HCCs and TACE to more
advanced HCCs than those which receive surgical resection
(2,31-33). Therefore, selection bias is unavoidable under the
circumstances. To overcome this problem, we added a murine
study. The advantage of RFA over surgical resection in the
induction of GPC3-specific CTLs was demonstrated also in a
mouse model.

The correlation between antitumor immune response and
clinical response is controversial. In this study, a significant
contribution of GPC3-specific CTLs toward an optimal prog-
nosis was not demonstrated. Mizukoshi e al reported that
enhancement of T-cell response did not last for long and did not
contribute to the prevention of HCC recurrence (34). In view
of the highly complex nature of the human immune system,
patient prognoses might not be determined only by the CTL
response. Previous studies have demonstrated that the release
of tumor-derived antigens by necrosis-inducing treatment
causes sufficient signaling to activate not only antigen-specific
CTL response but also antigen-specific helper T-cell response
(35,36), antigen-specific antibody response (36), and non-
antigen-specific natural killer cell response (37). However,
the mechanisms for cancer escape from immunosurveillance
would suppress the efficiency of these immune responses
(38). In the literature, tumor-infiltrating lymphocytes in HCC
are associated with better prognosis (39), but, in our case,
tumor-infiltrating CTLs were actually insufficient for suppres-
sion of cancer recurrence despite the massive infiltration. For
successful anticancer immunotherapy, the development of an
innovative strategy to link antitumor immune response with
clinical response and to provide a survival benefit for cancer
patients is necessary, and so we have just started the clinical
trial of a GPC3-derived peptide vaccine for adjuvant therapy
after RFA.
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In conclusion, our results demonstrate that RFA has a

stronger effect on the immune system compared with surgical
resection. Although further investigation is necessary, the
data on immune response support the rationale for combined
immunotherapy for HCC patients.
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Identification of an HLA-A"0201-restricted cytotoxic
T lymphocyte epitope from the lung carcinoma antigen, Lengsin
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Abstract. Lengsin is an eye lens protein with a glutamine
synthetase domain. We previously identified this protein as
a lung carcinoma antigen through ¢cDNA microarray analysis.
Lengsin protein is overexpressed irrespective of the histological
type of lung carcinoma, but not in normal tissues other than
the lens. Therefore, to significantly extend the use of Lengsin-
based T-cell immunotherapies for the treatment of patients with
lung carcinoma, we searched for HLA-A"0201-restricted epi-
topes from this protein by screening predicted Lengsin-derived
candidate peptides for the induction of tumor-reactive CTLs.
Four Lengsin-derived peptides were selected by computer-
ized algorithm based on a permissive HLA-A"0201 binding
motif, and were used to immunize HLA-A"0201 transgenic
(HHD) mice. Two of the immunizing peptides, Lengsin(206-
215)(FIYDFCIFGV) and Lengsin(270-279)(FLPEFGISSA),
induced peptide-specific cytotoxic T lymphocytes (CTLs) in
HHD mice, and thus were used to stimulate human peripheral
blood lymphocytes in vitro. Lengsin(206-215) and Lengsin
(270-279) also induced human peptide-specific CTLs, and we
were able to generate Lengsin(206-215)- and Lengsin(270-
279)-specific CTL clones. The Lengsin(270-279)-specific CTL
clone specifically recognized peptide-pulsed T2 cells, COS-7
cells expressing HLA-A"0201 and Lengsin, and HLA-A"0201*/
Lengsin® lung carcinoma cells in an HLA-A"0201-restricted
manner. On the other hand, the Lengsin(206-215)-specific
CTL clone failed to recognize HLA-A"0201*/Lengsin* target
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cells in the absence of cognate peptide. These results suggest
that Lengsin(270-279) is naturally processed and presented by
HLA-A"0201 molecules on the surface of lung carcinoma cells
and may be a new target for antigen-specific T-cell immuno-
therapy against lung cancer.

Introduction

Lung cancer is the leading cause of cancer death in the world
(1). Current chemotherapy and radiotherapy regimens provide
a limited survival benefit and are often toxic as well as inef-
fective. Tumor antigen-specific T-cell immunotherapy is a
promising new approach to cancer treatment that is more effec-
tive and less toxic. Recent studies have shown that the adoptive
transfer of normal peripheral lymphocytes genetically modified
by the insertion of tumor-reactive T-cell receptors (TCRs) can
mediate in vivo complete regression in patients with metastatic
melanoma (2,3), and synovial cell sarcoma (4). Identification
of naturally presented peptides derived from tumor-associated
antigens on the surface of tumor cells, which can induce
peptide-specific and tumor-reactive cytotoxic CD8* T cells
(CTLs), is required for antigen-specific T-cell immunotherapy
including TCR gene transfer therapy as the therapeutic target.
To date, many immunogenic CTL epitopes in the context
of HLA-A"0201, which is the predominant subtype in most
ethnic groups (5), have been identified by reverse immunology
approach (6-8). In addition, H-2D**, §,m", HLA-A*0201
monochain transgenic (HHD) mouse is a useful animal model
for assessing the ability of individual peptides to induce
HLA-A"0201-restricted CTL response (9-15). Previously, we
used genome-wide cDNA microarray analysis to identify a
novel lung cancer antigen, Lengsin, as a potential target for
immunotherapy (16). Lengsin protein is overexpressed irre-
spective of the histological type of lung carcinoma, but not in
normal tissues other than the lens. Because the eye lens is an
immune-privileged site (17,18), similar to the case of the testis,
Lengsin can be an attractive target for tumor antigen-specific
immunotherapy, as with cancer-testis antigens.



